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Effect of combinations of drugs on all cause mortality in
patients with ischaemic heart disease: nested case-control
analysis
Julia Hippisley-Cox, Carol Coupland

Abstract
Objective To determine the effect of combinations of
statins, aspirin, � blockers, and angiotensin converting
enzyme inhibitors in the secondary prevention of all
cause mortality in patients with ischaemic heart
disease.
Design Open prospective cohort study with nested
case-control analysis.
Setting 1.18 million patients registered with 89
general practices across 23 strategic health authority
areas within the United Kingdom. Practices had
longitudinal data for a minimum of eight years and
were contributing to QRESEARCH, a new database.
Patients All patients with a first diagnosis of
ischaemic heart disease between January 1996 and
December 2003. Cases were patients with ischaemic
heart disease who died. Controls were patients with
ischaemic heart disease who were matched for age,
sex, and year of diagnosis and were alive at the time
their matched case died.
Main outcome measures Odds ratio with 95%
confidence interval for risk of death in cases
compared with controls. Exposure was current use of
different combinations of statins, aspirin, � blockers,
and angiotensin converting enzyme inhibitors before
death in cases, or the equivalent date in controls.
Results 13 029 patients had a first diagnosis of
ischaemic heart disease (incidence rate 338 per
100 000 person years). 2266 cases were matched to
9064 controls. Drug combinations associated with the
greatest reduction in all cause mortality were statins,
aspirin, and � blockers (83% reduction, 95%
confidence interval 77% to 88%); statins, aspirin, �
blockers, and angiotensin converting enzyme
inhibitors (75% reduction, 65% to 82%); and statins,
aspirin, and angiotensin converting enzyme inhibitors
(71% reduction, 59% to 79%). Treatments associated
with the smallest reduction in all cause mortality were
� blockers alone (19% reduction, 37% reduction to
4% increase), angiotensin converting enzyme
inhibitors alone (20% reduction, 1% to 35%), and
combined statins and angiotensin converting enzyme
inhibitors (31% reduction, 57% reduction to 12%
increase).
Conclusions Combinations of statins, aspirins, and �
blockers improve survival in high risk patients with

cardiovascular disease, although the addition of an
angiotensin converting enzyme inhibitor conferred
no additional benefit despite the analysis being
adjusted for congestive cardiac failure.

Introduction
Randomised controlled trials have shown that statins
improve the survival of patients with ischaemic heart
disease.1–5 Although combinations of drugs (as proposed
in the Polypill)6 have been received with enthusiasm, we
found no direct evidence evaluating the effects of statins,
aspirin, � blockers, and angiotensin converting enzyme
inhibitors in combination.

Uncritical acceptance of medical innovations or
lack of evidence can result in the endorsement of inef-
fective or potentially dangerous treatments, subse-
quently leading to the withdrawal of drugs (for
example, rofecoxib) or limitations on use.7–9 Limita-
tions on use can occur years after worldwide adoption,
as was the case with hormone replacement therapy.10

Although randomised trials provide relatively unbi-
ased evidence of the effectiveness of interventions in
selected patients, the application of trial results to rep-
resentative populations of patients is often inaccurate.11

In addition, further trials can be difficult, or even
unethical if a true benefit is suspected.

Routinely collected data from aggregated general
practice databases have been used successfully to
evaluate the risks and benefits of treatments in a popu-
lation.12 13 This method enables access to longitudinal
data, to a large sample size, and to representative
populations. Also, because data on exposure can be
collected before the outcome occurs, recall bias is lim-
ited; the quality of the electronic record now surpasses
that of the paper based system.14

We determined the effect of combinations of drugs
in the secondary prevention of all cause mortality in
patients with ischaemic heart disease in a large UK
population based sample.

Methods
We carried out a prospective open cohort study with
nested case-control analysis using data from 89 general
practices contributing to a new UK database,
QRESEARCH (version 1, downloaded 17 December
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2003). This database will ultimately contain the records
of over 7.5 million patients from 500 practices in the
United Kingdom. For our study we selected only prac-
tices with at least eight years of longitudinal data—that
is, with Egton Medical Information Services (EMIS)
software before 1 January 1996. The practices were
spread throughout 23 of the 29 strategic health
authority areas across the United Kingdom.

Participants
We identified all patients registered with the practices
from 1 January 1996 until the end of the study period
(17 December 2003, the date of the most recent com-
puter download at the time of the analysis). Our start
date was the 1 January 1996 as this was just over 12
months after the publication of the Scandinavian
simvastatin survival study.1 Our open cohort was
selected on the basis of registration dates and dates of
leaving the study or death. We identified all patients
with incident ischaemic heart disease diagnosed after
the 1 January 1996 from the date of first diagnosis of
the disease recorded on computer. To minimise infor-
mation bias, we excluded patients whose diagnosis was
made within the first three months of registration
with the general practice, patients prescribed statins
before the diagnosis of ischaemic heart disease, and
patients with a first diagnosis after death (postmortem
diagnosis).

Nested case-control study
We undertook a nested case-control analysis to
determine the effects of different combinations of
drugs on survival in patients with ischaemic heart dis-
ease. Cases were patients with ischaemic heart disease
who died from all causes during the follow-up period,
the index date being defined as the date of death. We
used incidence density sampling to randomly select
four controls for each case, matched for age at diagno-
sis of ischaemic heart disease (five year bands, < 45;
45-49, etc), year of diagnosis, and sex. Controls had to
be alive when their matched case died. The index date
for controls was the date when their matched case died.

Statistical analysis
For cases and controls we reviewed the medical history
and data on exposure between the date of diagnosis of
ischaemic heart disease and the index date. To measure
exposure for each drug we determined the dates of the
first and the last prescriptions before the index date.
We considered patients as currently receiving a drug if
their last prescription was issued within 90 days before
the index date. We derived a categorical variable for
exposure, which contained levels according to different
combinations of four drugs (statins, angiotensin
converting enzyme inhibitors, � blockers, and aspirin)
taken within 90 days of the index date. The reference
group was no current use of any of these drugs.

We used conditional logistic regression for
individually matched case-control studies to derive
odds ratios with 95% confidence intervals for the risk
of death associated with different combinations of
aspirin, angiotensin converting enzyme inhibitors, �
blockers, and statins before death, or the equivalent
date in the matched controls. We adjusted for
comorbidity (diabetes, congestive cardiac failure,
hypertension, myocardial infarction) and current use
of calcium channel blockers. We also adjusted for last

recorded smoking status (ever smoker, never smoker,
not recorded), body mass index (kg/m2; < 25, 25-30,
> 30, not recorded), and fifth of Townsend score (as a
measure of deprivation). The Townsend score was cal-
culated on the basis of the 2001 census data associated
with the output area of the patient’s postcode. We
tested for an interaction between current use of each
drug and each type of comorbidity, sex, and age. To
address concerns about confounding by indication, we
carried out an analysis restricted to patients without
diabetes, congestive cardiac failure, or myocardial
infarction.15 All the analyses were carried out in Stata
(version 8.2). We selected a P value of 0.01 (two tailed)
as statistically significant.

Results
Eighty nine practices met our selection criteria (figure).
Overall, 1 175 886 patients were registered on or after
1 January 1996 (604 781 women and 571 105 men),
accumulating almost five million (4 999 450 patients)
person years of observation. Of these registered
patients, 25 310 patients had ischaemic heart disease
recorded before 1 January 1996 and were not included
in this analysis.

In total, 16 920 patients were identified with a first
diagnosis of ischaemic heart disease during the study
period (overall incidence rate of ischaemic heart
disease 338.4 per 100 000 person years, 95%
confidence interval 333.4 to 343.6). The crude
incidence of ischaemic heart disease in women was
286.2 per 100 000 person years and in men was 392.4
per 100 000 person years. The age standardised
incidence rate per 100 000 person years was,
respectively, 250.8, 245.0 to 256.6 and 427.5, 418.9 to
436.1. Our inclusion criteria were met by 13 029 of the
16 920 patients with ischaemic heart disease. During
the 43 460 person years of observation there were
2266 deaths for all causes for patients with ischaemic
heart disease giving an overall all cause mortality of
52.1 per 1000 person years, 50.3 to 54.3.

All patients registered on or after
1 January 1996 in 89 study practices

(n=1 175 886)

Pre-existing
ischaemic heart
disease before
study  period
(n=25 310)

Left by end
of study period

(n=1154)

Died by end
of study period

(n=2266)

Current at end
of study period

(n=9609)

Total exclusions
 (n=3891)
Taking statins
 before diagnosis of
 ischaemic heart
 disease (n=2905)
Diagnosis within
 three months
 of registration
 (n=744)
Diagnosis on or
 after censor date
 (n=515)
* Not exclusive
 categories

Incident cases meeting
inclusion criteria

(n=13 029)

No evidence of ischaemic heart
disease before study period

(n=1 150 576; 4 999 450 person years)

All patients with a first diagnosis
of ischaemic heart disease

during study period (n=16 920)

Flow of patients through trial
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Case-control analysis
For the 2266 cases who died during the follow-up
period, we identified 9064 controls matched by age,
sex, and year of diagnosis who were alive at the time
their case died. Cases and controls were well matched
at baseline for age and sex (table 1). The median dura-
tion of ischaemic heart disease before the index date
was 20.3 months for cases and 21.0 months for
controls. Overall, 445 cases (19.6% of 2266) had been
prescribed any statin compared with 2303 of the con-
trols (25.4% of 9064) between the date of diagnosis of
ischaemic heart disease and the index date. Cases had
a higher prevalence of congestive cardiac failure,
diabetes, and myocardial infarction and a lower preva-
lence of hypertension (table 1).

Table 2 shows the unadjusted and adjusted odds
ratios for the different drug combinations. After adjust-
ment for comorbidity (diabetes, hypertension, conges-
tive cardiac failure, and myocardial infarction), use of
calcium channel blockers, smoking status, body mass
index (obese, not obese, not recorded), and Townsend
score (fifths), the drugs associated with the greatest
reductions in odds for all cause mortality were statins,
aspirin, and � blockers (83% reduction, 95% confi-
dence interval 77% to 88% reduction); statins, aspirin,
angiotensin converting enzyme inhibitors, and �
blockers (75% reduction, 65% to 82% reduction); and
statins, angiotensin converting enzyme inhibitors, and
aspirin (71% reduction, 59% to 79% reduction).

The drugs associated with the smallest reductions
in all cause mortality were � blockers alone (19%
reduction, 37% reduction to 4% increase), angiotensin
converting enzyme inhibitors alone (20% reduction,
1% to 35% reduction), and combined statins and angi-
otensin converting enzyme inhibitors (31% reduction,
57% reduction to 12% increase).

We found a significant interaction between current
use of aspirin and myocardial infarction. In drug com-

binations containing aspirin, the reductions in all cause
mortality were greater in people with myocardial
infarction—for example, a combination of statins, aspi-
rin, and � blockers was associated with a 90% reduction
in all cause mortality (95% confidence interval 82% to
94%). We found a significant interaction between
current use of angiotensin converting enzyme inhibi-
tors and age: drug combinations containing angio-
tensin converting enzyme inhibitors were associated
with greater reductions in all cause mortality in people
aged 75 and over. No other significant interactions
were found.

Cases had a higher prevalence of congestive
cardiac failure, diabetes, and myocardial infarction and
a lower prevalence of hypertension. An analysis

Table 1 Characteristics of cases with ischaemic heart disease who died and controls.
Values are numbers (percentages) unless stated otherwise

Characteristic Cases (n=2266) Controls (n=9064)

Median (interquartile range) age at index date 80 (73-86) 80 (73-85)

Median (interquartile range) No of months
between diagnosis and index date

20.3 (6.3-40.5) 20.9 (7.9-40.9)

Women 1003 (44.3) 4012 (44.3)

Men 1263 (55.7) 5052 (55.7)

Median (interquartile range) Townsend score* −0.8 (−2.7-2.3) −1.2 (−3.0-1.8)

Drugs used before index date after diagnosis of
ischaemic heart disease:

Any statin 445 (19.6) 2303 (25.4)

Angiotensin converting enzyme inhibitors 1126 (49.7) 3601 (39.7)

Aspirin 1694 (74.8) 6843 (75.5)

� blockers 996 (44.0) 4749 (52.4)

Calcium channel blockers 969 (42.8) 3848 (42.5)

Comorbidity before index date:

Diabetes 367 (16.2) 1024 (11.3)

Hypertension 840 (37.1) 3699 (40.8)

Congestive cardiac failure 716 (31.6) 1408 (15.5)

Myocardial infarction 892 (39.4) 2531 (27.9)

Four controls per case were matched on age, sex, and year of diagnosis of ischaemic heart disease.
*Townsend score is a proxy measure for material deprivation.

Table 2 Unadjusted and adjusted odds ratios for all cause mortality according to current* use of different combinations of aspirin,
statins, � blockers, and angiotensin converting enzyme inhibitors. Values are numbers (percentages) unless stated otherwise

Current use of studied drugs* Cases (n=2266) Controls (n=9064)
Unadjusted odds ratio

(95% CI)
Adjusted odds ratio†

(95% CI)

None 677 (29.9) 1738 (19.2) 1.00 1.00

Statins alone 26 (1.1) 117 (1.3) 0.48 (0.31 to 0.74) 0.53 (0.33 to 0.86)

Angiotensin converting enzyme inhibitors 211 (9.3) 474 (5.2) 1.14 (0.94 to 1.37) 0.80 (0.65 to 0.99)

Aspirin alone 420 (18.5) 1830 (20.2) 0.58 (0.51 to 0.67) 0.59 (0.50 to 0.68)

� blockers alone 109 (4.8) 440 (4.9) 0.63 (0.50 to 0.79) 0.81 (0.63 to 1.04)

Statins or angiotensin converting enzyme
inhibitors

35 (1.5) 65 (0.7) 1.14 (0.74 to 1.75) 0.69 (0.43 to 1.12)

Statins and aspirin 72 (3.2) 424 (4.7) 0.37 (0.28 to 0.48) 0.39 (0.29 to 0.52)

Statins and � blockers 20 (0.9) 92 (1.0) 0.48 (0.29 to 0.79) 0.46 (0.26 to 0.82)

Angiotensin converting enzyme inhibitors
and aspirin

256 (11.3) 852 (9.4) 0.76 (0.64 to 0.90) 0.54 (0.45 to 0.66)

Angiotensin converting enzyme inhibitors
and � blockers

45 (2.0) 144 (1.6) 0.75 (0.53 to 1.06) 0.64 (0.43 to 0.94)

Aspirin and � blockers 151 (6.7) 1087 (12.0) 0.33 (0.27 to 0.41) 0.38 (0.31 to 0.47)

Statins, angiotensin converting enzyme
inhibitors, and aspirin

60 (2.6) 319 (3.5) 0.41 (0.31 to 0.56) 0.29 (0.21 to 0.41)

Statins, angiotensin converting enzyme
inhibitors, and � blockers

11 (0.5) 34 (0.4) 0.68 (0.34 to 1.37) 0.67 (0.30 to 1.51)

Statins, aspirin, and � blockers 45 (2.0) 622 (6.9) 0.16 (0.11 to 0.22) 0.17 (0.12 to 0.23)

Angiotensin converting enzyme inhibitors,
aspirin, and � blockers

71 (3.1) 420 (4.6) 0.41 (0.31 to 0.54) 0.34 (0.26 to 0.46)

Statins, angiotensin converting enzyme
inhibitors, aspirin, and � blockers

57 (2.5) 406 (4.5) 0.31 (0.23 to 0.42) 0.25 (0.18 to 0.35)

*Last prescription for drug within 90 days before index date.
†Adjusted for comorbidity (diabetes, hypertension, congestive cardiac failure, and myocardial infarction), use of calcium channel blockers, smoking status, body
mass index (obese, not obese, not recorded), and Townsend score (fifths).
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restricted to patients without diabetes, myocardial
infarction, or congestive cardiac failure showed little
change in the odds ratios except for angiotensin
converting enzyme inhibitors alone (adjusted odds
ratio 1.13, 0.69 to 1.84). Results were similar in an
analysis of people aged 65 and over. An analysis
restricted to people with recorded smoking status and
body mass index gave results with lower odds ratios but
wider confidence intervals.

Discussion
Combinations of statins, aspirin, and � blockers
improve the survival of high risk patients with
ischaemic heart disease, although the addition of an
angiotensin converting enzyme inhibitor conferred no
additional benefit despite adjustment for congestive
cardiac failure. The lack of additional benefit from an
angiotensin converting enzyme inhibitor is consistent
with the recently reported PEACE trial.16 Our study is
the first large scale, long term community based study
to report the effect of different combinations of drugs
in the secondary prevention of all cause mortality in
patients with ischaemic heart disease. We included
patients with multiple comorbidity, elderly people, and
women who may have been excluded from previous
clinical trials.

The QRESEARCH database was validated by com-
paring the age-sex structure of the population with the
2001 census, the birth and death rates with figures
from the Office for National Statistics, the prescribing
rates with prescribing analysis and cost (PACT) data,
the consultation rates with data from the general
household survey, and prevalence data for common
conditions with published data and data from similar
databases such as the General Practice Research Data-
base. We found good correspondence for all of these
measures (data not shown). We also compared
practices taking part in regional research networks on
these and other measures and found good corre-
spondence.17 Detailed analyses have shown high levels
of completeness and consistency.18 We also carried out
an analysis on these data to compare the effect of stat-
ins on overall all cause mortality with that reported in
the Scandinavian simvastatin survival study1 and found
a similar reduction in unselected patients in the
community over an eight year period.19

Our study was observational and therefore at risk
of bias and confounding. For example, confounding by
indication could have occurred if patients with a better
prognosis were more likely to be prescribed different
combinations of treatments. This is a particular
concern with observational studies of intended drug
effects.15 If residual confounding explained our results
then we would have expected the adjusted odds ratios
from the restricted analysis to tend towards one, which
was not the case in general. As mortality was high in
this cohort, caution is needed in interpreting the odds
ratios as relative risks. The measure of deprivation we
used was calculated at an area level and there will be
some heterogeneity within areas, which may result in
some residual confounding.

Our identification of patients for the cohort was
based on a diagnostic code for ischaemic heart disease
rather than a definition that would have allowed the
inclusion of patients prescribed cardiac drugs. Our

study was designed in this way as our main exposures
were drugs.

Our outcome (whether patients died or not) is
likely to be well recorded on the general practice clini-
cal database. In the United Kingdom, a national
electronic procedure comes into operation when a
patient dies. This automatically updates the patient’s
electronic health record with the date of death. As our
study comprised a nested case-control analysis and
data were recorded prospectively, recall bias was not
possible as the exposure data were recorded on
computer before the date of death or the equivalent
date in controls.

Misclassification of exposure status is unlikely as
more than 99% of all repeat prescriptions from general
practice are recorded on computer, and currently these
drugs are not available over the counter. The exception
is aspirin, and some patients taking this might have
been misclassified on practice databases. This is likely
to be a small proportion as patients over 65 are entitled
to free prescriptions in the United Kingdom and so
tend to have these prescribed rather than buy them.
Such misclassification, if present and if non-
differential, would have had the effect of biasing the
odds ratio towards one, making the exposure seem less
protective or less harmful.20 Simvastatin is now also
available over the counter, but this will not have
affected our results as it was given over the counter sta-
tus in 2004, after our study had ended.

By excluding patients with a diagnosis of ischaemic
heart disease within the first three months of registra-
tion with their practice, we reduced possible informa-
tion bias from pre-existing diseases being recorded as
if they were new events at registration.

Although we adjusted for several confounders,
residual confounding may have resulted from misclas-
sification of those variables and confounding by
unmeasured variables. Such effects would have to be
large to account for the substantial protective effects
reported here.

We have not investigated the effect of the combina-
tion treatments in patients without ischaemic heart
disease. Our results should therefore not be taken as
evidence that the combination of treatments suggested
by Wald et al should be prescribed to all patients
over 55.6

What is already known on this topic

Statins are associated with improved survival in
patients with ischaemic heart disease

Direct evidence is lacking for the effects of
combinations of drugs in cardiovascular
disease

What this study adds

Combinations of statins, aspirin, and � blockers
improve survival in high risk patients with
cardiovascular disease

The addition of an angiotensin converting enzyme
inhibitor conferred no additional benefit
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The bad news and the bad news

I recently saw a 64 year old man with a skin lesion on
his knee that had been intermittently weeping pus over
the past four weeks and had been growing in size. The
lesion was well demarcated, granulomatous, and about
2×2 cm in size. He had had it for over a year, but it had
never bothered him until recently. The lesion did not
look infected, so I decided to remove it and send it for
histology.

Four days later, I was called by a consultant
pathologist, who started quizzing me about this
patient. Specifically he wanted to know the patient’s
sexual orientation and whether he was an intravenous
drug user. The patient was homosexual, and when I
told the consultant so it seemed to confirm his
suspicion. “This looks like a nodular Kaposi’s sarcoma,”
he said, “but I will need to send it to an expert in
London to confirm this as I am really not certain.”

From what I knew about Kaposi’s sarcoma, it was
nearly always linked to HIV infection. I felt
apprehensive about telling the patient of the diagnosis
for several reasons: I still had no definite confirmation
that this was Kaposi’s sarcoma (the London expert
would have the final word on that) and I would have to
tell the patient he had a cancer and very possibly HIV
infection as well. Talk about breaking bad news. I
therefore decided not to tell the patient until I had the
expert opinion.

I finally heard back from the consultant in London:
“Yes this has all the features of Kaposi’s sarcoma.” I
called the patient in and broke the bad news to him. I
told him that there was a good chance that this form of
cancer was linked with being HIV positive, and he
understood this. He explained that he had always
avoided the issue of HIV testing because he was
frightened. He was understandably shaken.

In our surgery we put alerts on the patient’s
computer records and had a “critical event” meeting to

alert all staff about the “high risk patient.” I talked to
the regional genito-urinary medicine clinic, where the
patient was seen then next day.

Then, a week later, I received some unexpected news
from the clinic (the patient having given consent for
the information to be sent to me): several HIV tests
had been carried out, and all were negative. Everyone
was most surprised. The patient had no Mediterranean
or Jewish background and did not seem to be
immunocompromised, so why had he developed the
sarcoma? The patient telephoned me and was
understandably over the moon. From thinking that he
was HIV positive to having “just” a skin cancer made a
huge difference to him.

This incident made me think of how rarely things
are clear cut in medicine. All the surgery staff were
convinced that this patient was infected with HIV,
possibly even immunocompromised with AIDS. It
turned out we were all wrong. As doctors, we rely on
odds and likelihood, but it is important to bear in mind
that sometimes the unlikely (odd) will happen and take
us by surprise.

Mark Taubert GP registrar, Ty Bryn Surgery, Caerphilly
(mtaubert@hotmail.com)

We welcome articles up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My
most unfortunate mistake, or any other piece conveying
instruction, pathos, or humour. Please submit the
article on http://submit.bmj.com Permission is needed
from the patient or a relative if an identifiable patient is
referred to. We also welcome contributions for
“Endpieces,” consisting of quotations of up to 80 words
(but most are considerably shorter) from any source,
ancient or modern, which have appealed to the reader.
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