
doi:10.1136/hrt.2005.061523 
 2006;92;752-758; originally published online 10 Oct 2005; Heart

  
J Hippisley-Cox and C Coupland 
  

 study with nested case–control analysis
ischaemic heart disease: population based cohort 
Effect of statins on the mortality of patients with

 http://heart.bmj.com/cgi/content/full/92/6/752
Updated information and services can be found at: 

 These include:

 References

  
 http://heart.bmj.com/cgi/content/full/92/6/752#BIBL

This article cites 16 articles, 6 of which can be accessed free at: 

Rapid responses
 http://heart.bmj.com/cgi/eletter-submit/92/6/752

You can respond to this article at: 

 service
Email alerting

top right corner of the article 
Receive free email alerts when new articles cite this article - sign up in the box at the

Topic collections

 (762 articles) Diabetes �
 (2101 articles) Ischemic heart disease �

 (868 articles) Drugs: cardiovascular system �
 (1674 articles) Other Epidemiology �

 (526 articles) Other Obstetrics and Gynecology �
 (573 articles) Other geriatric medicine �

  
Articles on similar topics can be found in the following collections 

 Notes   

 http://www.bmjjournals.com/cgi/reprintform
To order reprints of this article go to: 

 http://www.bmjjournals.com/subscriptions/
 go to: HeartTo subscribe to 

 on 6 January 2007 heart.bmj.comDownloaded from 

http://heart.bmj.com/cgi/content/full/92/6/752
http://heart.bmj.com/cgi/content/full/92/6/752#BIBL
http://heart.bmj.com/cgi/eletter-submit/92/6/752
http://heart.bmj.com/cgi/collection/other_geriatric_medicine
http://heart.bmj.com/cgi/collection/OBGYN:other
http://heart.bmj.com/cgi/collection/epidemiology:other
http://heart.bmj.com/cgi/collection/drugs_cardiovascular_system
http://heart.bmj.com/cgi/collection/ischaemic_heart_disease
http://heart.bmj.com/cgi/collection/diabetes
http://www.bmjjournals.com/cgi/reprintform
http://www.bmjjournals.com/subscriptions/
http://heart.bmj.com


CARDIOVASCULAR MEDICINE
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Objective: To measure the effect of statins on mortality for community based patients with ischaemic heart
disease and determine whether the likely benefits are similar for women, the elderly, and patients with
diabetes.
Design: Open prospective cohort study with nested case–control analysis.
Setting: 1.18 million patients registered with 89 practices spread across 23 strategic health authority areas
within the UK. All practices had a minimum of eight years of longitudinal data and were contributing to the
UK QRESEARCH database.
Subjects: All patients with a first diagnosis of ischaemic heart disease between January 1996 and
December 2003
Outcomes: Adjusted hazard ratio with 95% confidence intervals (CIs) for all cause mortality (cohort
analysis) and odds ratio (OR) with 95% CI (case–control analysis) for current use of statins. Adjustments
were made for current use of aspirin, b blockers, and angiotensin converting enzyme inhibitors, co-
morbidity (myocardial infarction, diabetes, hypertension, congestive cardiac failure), smoking, body mass
index, and quintile of deprivation.
Results: 13 029 patients had a first diagnosis of ischaemic heart disease in the study period giving an
incidence rate of 3.38/1000 person years. 2266 patients with ischaemic heart disease died during the
43 460 person years of observation giving an overall mortality rate of 52.1/1000 person years (95% CI
50.0 to 54.3). In the case–control analysis, patients taking statins had a 39% lower risk of death than did
patients not taking statins (adjusted OR 0.61, 95% CI 0.52 to 0.72) after use of other medication, co-
morbidity, smoking, body mass index, and deprivation were taken into account. The benefits found in this
study compared favourably with those found in the randomised controlled trials, although the current study
population is at higher overall risk. The benefits extend to women, patients with diabetes, and the elderly
and can be seen within two years of treatment. Longer duration of usage was associated with lower OR for
risk of death with a 19% reduction in risk of death with each additional year of treatment (adjusted OR
0.81, 95% CI 0.77 to 0.86 per year). Mortality was similarly reduced among patients prescribed
atorvastatin (adjusted OR 0.62, 95% CI 0.48 to 0.79) and simvastatin (adjusted OR 0.62, 95% CI 0.50 to
0.76).
Conclusions: The benefits of statins found in randomised controlled trials extend to unselected community
based patients. The benefits can be seen within the first two years of treatment and continue to accrue over
time. Since patients in the community are likely to be at higher risk than those in trials, the potential benefits
from statins are likely to be greater than expected.

M
ultiple randomised controlled trials have shown the
benefits of statins in improving survival for patients
with ischaemic heart disease.1–5 Although there is

good evidence that statins reduce serum cholesterol effec-
tively outside of the clinical trial setting,6 there is little
information on the effect of statins on mortality in the
community.

Uncritical acceptance of medical innovations or lack of
evidence can result in the endorsement of ineffective or
occasionally dangerous treatments.7 It can lead to the
immediate withdrawal of drugs (such as rofecoxib) or limit
their use (such as or hormone replacement therapy8 9). This
can occur years after widespread worldwide adoption.10 While
randomised trials of selected patients provide relatively
unbiased evidence of effectiveness in specific targeted
interventions, the application of trial results to representative
populations of all patients with the disease is often
inaccurate.11 A treatment that may produce an overall benefit
may be ineffective or even harmful to some patients.12 Once

there is clinical evidence showing benefit, it then becomes
difficult, if not unethical, to perform further trials to evaluate
benefits in unselected populations. Trials are usually
designed to test efficacy of interventions, whereas effective-
ness is important in clinical practice. Other methods are
therefore needed to evaluate treatments further.

Routinely collected data from aggregated general practice
databases have been used successfully to evaluate risks and
benefits of treatments in the population.13 14 As a method, it
has the advantage of longitudinal data, large sample size, and
ability to access representative populations. Also, exposure
data are collected before the outcome, thus limiting recall
bias; additionally, the quality of the electronic record now
surpasses that of conventional paper based systems.15

If statins really do save lives in the community setting,
then we would expect to be able to measure the effect on a

Abbreviations: 4S, Scandinavian simvastatin survival study; CI,
confidence interval; OR, odds ratio; PACT, prescribing analysis and cost
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large population sample. If the expected reduction in
mortality is not observed, then an urgent investigation in to
the reasons why is warranted.

Our objective was to measure the effect of statins on
survival and compare this with the benefit reported in
randomised controlled trials. In addition, we determined
whether the likely benefits were similar for women, the
elderly, and patients with diabetes.

METHODS
Design
We conducted a prospective open cohort study with nested
case–control analysis of data from UK general practices
contributing to the QRESEARCH database (http://www.qre-
search.org). Ethical approval was obtained from the Trent
Multi-Centre Ethics Committee.

Setting
The study was conducted in 89 general practices spread
throughout 23 strategic health authority areas across the UK.
Only practices with at least eight years of longitudinal data
(that is, with EMIS software before 1 January 1996) were
selected.

Study participants
Study participants were all patients registered with the
practices from 1 January 1996 until the end of the study
period (17 December 2003, the date of the last computer
download). We used 1 January 1996 as our start date because
this was just over 12 months after the publication of the 4S
(Scandinavian simvastatin survival study).1 We assembled an
open cohort selected on the basis of registration dates and
dates of leaving or death. From this cohort, we identified all
patients with incident ischaemic heart disease diagnosed
after 1 January 1996 by using the date of first diagnosis of
ischaemic heart disease recorded on computer. We excluded
patients whose diagnosis was made within the first three
months of registration with the general practice (to minimise
information bias), patients prescribed statins before the
diagnosis of ischaemic heart disease, and patients whose
first diagnosis was made after death (postmortem diagnosis).

Main outcome measures
Our main outcome measure for the cohort analysis was the
rate of death among patients with ischaemic heart disease
taking and not taking statins. In the case–control analysis,
our outcome was the adjusted odds ratio (OR) for risk of
death among patients who had taken statins compared with
those who had not since diagnosis of ischaemic heart disease.

Cohort analysis
We determined the incidence rate of ischaemic heart disease
in the main cohort by dividing the number of new cases by
the person years of observation. We then calculated the death
rates by age, sex, and co-morbidity for patients with a first
diagnosis of ischaemic heart disease. We used Cox regression
to investigate the effect of statins on survival of patients with
incident ischaemic heart disease with statin use as a time
varying covariate. The analysis time for the death rates was
from the date of diagnosis of ischaemic heart disease until
the first of the following occurred: the patient died, the
patient was transferred out of the practice, or the study
period ended. Patients who had taken statins were classified
as receiving statins between the date of the first prescription
and the first of the following: the statin was stopped
(estimated as date of last prescription plus 90 days), the
patient died, the patient was transferred out of the practice,
or the study period ended. We adjusted for the potential
confounding effects of age, sex, co-morbidity (diabetes,

congestive cardiac failure, hypertension, myocardial infarc-
tion, cancer), smoking, obesity, and year of diagnosis by
including them as variables in the multivariate Cox regres-
sion. We allowed for clustering by general practice by
defining this as a clustered variable and using a robust
standard error. We checked the proportional hazards
assumption graphically and with a test of proportional
hazards.

Nested case–control study
Next we undertook a nested case–control analysis to
determine the effects of statins and of concurrent medication
on survival. All the patients with ischaemic heart disease
identified in the cohort evaluation who died during the
follow up period were included as cases with an index date
being defined as the date of death. We used Stata (version
8.2; StataCorp, College Station, Texas, USA) to randomly
select four controls for each case matched on age at diagnosis
of ischaemic heart disease (five year bands), sex, and year of
diagnosis of ischaemic heart disease. Controls were patients
with ischaemic heart disease who were alive at the time their
matched case died. We derived an index date for each
control, which was the date of death of their matched case.

Case–control analysis
We used conditional logistic regression for individually
matched case–control studies to derive ORs with 95%
confidence intervals (CIs) for the risk of death associated
with current use of statins. We reviewed the medical history
and exposure data between the date of diagnosis of ischaemic
heart disease and the index date for cases and controls.

To measure statin exposure, we determined the dates of
the first and last scripts before the index date. We did this for
all statins as a group and separately for each of the five
statins (atorvastatin, cerivastatin, fluvastatin, pravastatin,
and simvastatin). We coded patients as those currently
taking statins (the last prescription within 90 days of the
index date); those whose last prescription for statins was
more than 90 days before the index date, and those not
prescribed statins since diagnosis of ischaemic heart disease.
We also used these dates to determine the number of months
of statin usage. We coded months of usage into six groups
(none and 1–12, 13–24, 25–36, 37–48, 49–60, and > 60
months). We tested for evidence of dose response under-
taking a test for trend across these categories.

We adjusted for co-morbidity (diabetes, congestive cardiac
failure, hypertension, myocardial infarction, cancer) and use
of b blockers, aspirin, angiotensin converting enzyme
inhibitors, and calcium channel blockers all before the index
date. We also adjusted for smoking status (ever smoker,
never smoker, not recorded), body mass index (, 25, 25–30,
or > 30 kg/m2, or not recorded) and Townsend score (in
fifths). The Townsend score was calculated based on the 2001
census related data associated with the output area of the
patients’ postcode.

We tested for interactions between current use of statins
and each of age, sex, and diabetes by including interaction
terms in the models and calculating likelihood ratio tests.

We also performed analyses restricted to patients with
recorded values of body mass index and smoking status. To
examine possible indication bias we also carried out analyses
restricted to patients without a diagnosis of cancer and to
cases who survived for at least a year after the diagnosis of
ischaemic heart disease and their matched controls. We also
carried out an analysis restricted to patients without diabetes
or congestive cardiac failure or myocardial infarction.

All the analyses were conducted with Stata (version 8.2).
We selected a value of p = 0.01 (two tailed).
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RESULTS
Study participants
Figure 1 shows the flow of patients through the study in the
89 practices meeting the selection criteria. The cohort
consisted of 1 175 886 patients registered on or after 1
January 1996 (604 781 women and 571 105 men) accumu-
lating almost five million (n = 4 999 450) person years of
observation. Of these, 25 310 patients who were recorded as
having ischaemic heart disease before 1 January 1996 were
not included in this analysis.

Cohort analysis
During the study period 16 920 patients had a first ever
diagnosis of ischaemic heart disease. The overall incidence
rate of ischaemic heart disease was 3.38/1000 person years
(95% CI 3.33 to 3.44). Table 1 shows the incidence rates of
ischaemic heart disease by age group and sex.

Of the 16 920 patients with ischaemic heart disease 13 029
met our inclusion criteria. During the 43 460 person years of
observation 2266 patients with ischaemic heart disease died,
giving an overall mortality rate of 52.1/1000 person years

All patients
registered on or after
1 January 1996 in 89

study practices
n = 1 175 886

Pre-existing IHD
before study

period
n = 25 310

No evidence of IHD
before study period
n = 1 150 576

(4 999 450 person 
years)

All patients with a
first diagnosis of
IHD during study

period
n = 16 920

Total exclusions
(n = 3891)

On statins before
IHD diagnosis
n = 2905

Diagnosis within
3 months of
registration
n = 744

Diagnosis on or after
censor date
n = 515

Incident cases
meeting inclusion

criteria
n = 13 029

Died by end of
study period
n = 2266

Left by end of
study period
n = 1154

Current at end of
study period
n = 9609

Figure 1 Flow chart of patients in the
cohort. Note that exclusions are not
mutually exclusive. IHD, ischaemic
heart disease.

Table 1 Incidence rates of ischaemic heart disease (IHD)
between 1 January 1996 and 17 December 2003

Cohort
Person time
(years)

Number of
IHD cases

Rate/1000
person years 95% CI

Women
0–44 years 1432317 157 0.1 0.1 to 0.1
45–54 years 351396 538 1.5 1.4 to 1.7
55–64 years 282339 1372 4.9 4.6 to 5.1
65–74 years 227748 2151 9.4 9.1 to 9.9
75–84 years 168760 2152 12.8 12.2 to 13.3
>85 years 77685 901 11.6 10.9 to 12.4
Total 2540246 7271 2.9 2.8 to 2.9

Men
0–44 years 1506948 423 0.3 0.3 to 0.3
45–54 years 353485 1343 3.8 3.6 to 4.0
55–64 years 273984 2582 9.4 9.1 to 9.8
65–74 years 189105 2957 15.6 15.1 to 16.2
75–84 years 104678 1877 17.9 17.1 to 18.8
>85 years 31005 467 15.1 13.8 to 16.5
Total 2459205 9649 3.9 3.8 to 4.0

CI, confidence interval.
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(95% CI 50.0 to 54.3). Table 2 shows the death rates by age,
sex, and co-morbidity. As expected, death rates were highest
among patients over 75 years, with diabetes, or with
congestive cardiac failure.

Figure 2 shows the Kaplan-Meier survival curves for
patients taking statins and those not taking statins, with
use of statins treated as a time varying variable. This shows
that patients taking statins have higher survival rates than
those not taking statins: the six year survival rate was 89%
(95% CI 88% to 90%) for patients taking statins and 66%
(95% CI 64% to 67%) for patients not taking statins. Patients
taking statins had a 53% lower risk of death than the patients
not taking statins (adjusted hazard ratio 0.47, 95% CI 0.41 to
0.53). The hazard ratio was adjusted for sex, age, diabetes,
hypertension, congestive cardiac failure, myocardial infarc-
tion, cancer, body mass index, smoking, and year of
diagnosis.

Case–control analysis
For the 2266 cases, we identified 9064 controls matched on
age, sex, and year of diagnosis of ischaemic heart disease. The
cases and controls were well matched at baseline: in both
groups the median age at the index date was 80 years and
55.7% were men. The median duration 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 2,266)
had been prescribed any statin compared with 2303 of the
controls (25.4% of 9064) between the date of diagnosis of
ischaemic heart disease and the index date. Among the cases
326 (14.4% of 2266) had received a prescription for a statin
within 90 days before the index date, compared with 2079
(22.9% of 9064) of controls (table 3).

Table 4 shows the unadjusted and adjusted ORs for risk of
death in cases versus controls. On univariate analysis,
patients who had been prescribed statins in the 90 days
before their index date had a 47% lower risk of death than
patients who had not been prescribed a statin (OR 0.53, 95%
CI 0.46 to 0.61). When other factors such as diabetes,
hypertension, congestive cardiac failure, myocardial infarc-
tion, cancer, smoking, body mass index, deprivation, and use
of angiotensin converting enzyme inhibitors, aspirin, b
blockers, or calcium channel blockers were included in the
multivariate analysis, the risk of death changed slightly to a
39% lower risk (adjusted OR 0.61, 95% CI 0.52 to 0.72).

These results for statins were similar when the analysis
was restricted to patients with body mass index and smoking
status recorded, when restricted to patients without a
diagnosis of cancer before the index date, and when
restricted to patients without a diagnosis of diabetes,
congestive cardiac failure, or myocardial infarction. The
results were also similar when the analysis was restricted to
cases who survived for at least a year after diagnosis of
ischaemic heart disease and their matched controls (adjusted
OR for current use of statins compared with patients not
prescribed statins since diagnosis of ischaemic heart disease
0.62, 95% CI 0.51 to 0.76).

Comparison for individual statins
When examining the effect of the individual statins, we
determined a significant protective effect on risk of death for
patients taking atorvastatin or simvastatin. Compared with
patients who had not been prescribed the drug since
diagnosis of ischaemic heart disease, the adjusted OR was
0.62 (95% CI 0.48 to 0.79) for atorvastatin and 0.62 (95% CI
0.50 to 0.76) for simvastatin. A direct comparison between

Table 2 Mortality rates per 1000 person years for
13029 patients with incident IHD between 1 January
1996 and 17 December 2003

Cohort

Person
time
(years)

Number
of deaths

Rate/1000
person years 95% CI

Age (years)
0–44 824 8 9.7 4.9 to 19.4
45–54 3923 40 10.2 7.5 to 13.9
55–64 9270 156 16.8 14.4 to 19.7
65–74 13636 447 32.8 29.9 to 36.0
75–84 11827 911 77.0 72.2 to 82.2
85–94 3744 626 167.2 154.6 to 180.8
>95 235 78 331.4 265.4 to 413.7
Total 43460 2266 52.1 50.0 to 54.3

Women 18539 1003 54.1 50.9 to 57.6
Men 24920 1263 50.7 48.0 to 53.6
No diabetes 39814 1978 49.7 47.5 to 51.9
Diabetes 3646 288 79.0 70.4 to 88.7
No hypertension 30912 1570 50.8 48.3 to 53.4
Hypertension 12547 696 55.5 51.5 to 59.8
No CCF 37391 1546 41.4 39.3 to 43.5
CCF 6069 720 118.6 110.3 to 127.6

CCF, congestive cardiac failure.

1.00

0.75

0.50

0.25

0.00
8

Time since diagnosis of IHD (years)

Not taking statins

Su
rv

iv
al

0 2 4 6

Taking statins

Figure 2 Kaplan-Meier plot showing survival of patients taking statins
compared with patients not taking statins. Analysis time is years since
diagnosis of IHD.

Table 3 Use of statins after diagnosis of IHD in cases
(patients with IHD who died) and controls

Use of statins after diagnosis of IHD

Proportion
of cases
(n = 2266)

Proportion
of controls
(n = 9064)

Any statin
Not prescribed drug 1821 (80.4%) 6761 (74.6%)
Last script .90 days before index date 119 (5.3%) 224 (2.5%)
Last script (90 days before index date 326 (14.4%) 2079 (22.9%)

Atorvastatin
Not prescribed drug 2102 (92.8%) 8177 (90.2%)
Last script .90 days before index date 53 (2.3%) 141 (1.6%)
Last script (90 days before index date 111 (4.9%) 746 (8.2%)

Cerivastatin
Not prescribed drug 2227 (98.3%) 8897 (98.2%)
Last script .90 days before index date 29 (1.3%) 104 (1.1%)
Last script (90 days before index date 10 (0.4%) 63 (0.7%)

Fluvastatin
Not prescribed drug 2246 (99.1%) 8932 (98.5%)
Last script .90 days before index date 10 (0.4%) 50 (0.6%)
Last script (90 days before index date 10 (0.4%) 82 (0.9%)

Pravastatin
Not prescribed drug 2238 (98.8%) 8897 (98.2%)
Last script .90 days before index date 9 (0.4%) 51 (0.6%)
Last script (90 days before index date 19 (0.8%) 116 (1.3%)

Simvastatin
Not prescribed drug 2001 (88.3%) 7699 (84.9%)
Last script .90 days before index date 89 (3.9%) 288 (3.2%)
Last script (90 days before index date 176 (7.8%) 1077 (11.9%)
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atorvastatin and simvastatin by Wald’s test showed no
significant difference between the two drugs (p = 0.97).
The magnitudes of the adjusted ORs for patients taking the
other three statins (cerivastatin, fluvastatin, and pravastatin)
were similar to those for atorvastatin and simvastatin but
failed to reach the 0.01 significance level, due to the smaller
number of patients taking these drugs.

Effect of age, sex, and diabetes on effectiveness of
statins
We found no evidence of an interaction between statins and
sex. The adjusted OR for current use of statins was 0.64 (95%
CI 0.52 to 0.79) for men and 0.57 (95% CI 0.44 to 0.76) for
women (test for interaction p = 0.94) compared with those
not prescribed statins since diagnosis of ischaemic heart
disease. Similarly, there was no evidence of an interaction
between statins and age (test for interaction p = 0.59) with
an adjusted OR for current use of statins of 0.65 (95% CI 0.51
to 0.84) for people aged less than 75 and an adjusted OR of
0.60 (95% CI 0.48 to 0.75) for people aged 75 and over. For
people with diabetes the adjusted OR for current use of

statins was 0.60 (95% CI 0.50 to 0.72) and for people without
diabetes it was 0.68 (95% CI 0.48 to 0.97); this was also not a
significant interaction (test for interaction p = 0.43). This
means that the benefits of statins were not affected by age,
sex, or presence of diabetes.

Duration of use of statins
We used the case–control analysis to examine the effect of
duration of statin usage on risk of death. Table 5 shows the
results. Longer duration of usage was associated with a lower
OR for risk of death. The test for trend was significant
(p , 0.001) with a 19% reduction in risk of death with each
additional year of treatment (adjusted OR 0.81 95% CI 0.77 to
0.86 per year).

DISCUSSION
This was a large community based study to determine the
effects of statins on survival of unselected patients with a
first diagnosis of ischaemic heart disease in primary care.
Both the cohort and nested case–control analyses in our
study confirm that the benefits of statins extend to

Table 4 Unadjusted and adjusted odds ratios (ORs) comparing cases with controls
according to the timing of the last prescription during the period before the index date

Unadjusted
OR 95% CI

Adjusted
OR* 95% CI p Value

Any statin
Not prescribed drug 1.00 1.00
Last script .90 days before index date 1.80 1.42 to 2.28 1.24 0.93 to 1.65 0.136
Last script (90 days before index date 0.53 0.46 to 0.61 0.61 0.52 to 0.72 ,0.001

Atorvastatin
Not prescribed drug 1.00 1.00
Last script .90 days before index date 1.43 1.02 to 1.99 1.20 0.81 to 1.78 0.376
Last script (90 days before index date 0.56 0.45 to 0.69 0.62 0.48 to 0.79 ,0.001

Cerivastatin
Not prescribed drug 1.00 1.00
Last script .90 days before index date 1.12 0.73 to 1.72 1.20 0.72 to 2.00 0.480
Last script (90 days before index date 0.62 0.32 to 1.23 0.59 0.26 to 1.37 0.220

Fluvastatin
Not prescribed drug 1.00 1.00
Last script .90 days before index date 0.78 0.39 to 1.56 0.75 0.35 to 1.63 0.467
Last script (90 days before index date 0.48 0.25 to 0.93 0.59 0.29 to 1.20 0.144

Pravastatin
Not prescribed drug 1.00 1.00
Last script .90 days before index date 0.70 0.35 to 1.43 0.68 0.31 to 1.50 0.339
Last script (90 days before index date 0.65 0.40 to 1.06 0.51 0.30 to 0.87 0.013

Simvastatin
Not prescribed drug 1.00 1.00
Last script .90 days before index date 1.14 0.89 to 1.46 0.95 0.70 to 1.30 0.758
Last script (90 days before index date 0.61 0.51 to 0.72 0.62 0.50 to 0.76 ,0.001

*Adjusted for co-morbidity (diabetes, hypertension, CCF, myocardial infarction, cancer), angiotensin converting
enzyme inhibitors, aspirin, b blockers, calcium channel blockers, smoking, body mass index, and deprivation
(Townsend score in fifths). Adjusted odds ratios for individual statins were also adjusted for other statins.

Table 5 Adjusted OR for duration of use of statins on survival determined by the nested
case–control analysis

Duration
(months)

Proportion of
cases (n = 2266)

Proportion of
controls (n = 9064) OR* 95% CI p Value

No statins 1821 (80.4%) 6761 (74.6%) 1.00
1–12 217 (9.6%) 967 (10.7%) 0.80 0.66 to 0.97 0.020
13–24 95 (4.2%) 529 (5.8%) 0.60 0.46 to 0.78 ,0.001
24–36 57 (2.5%) 348 (3.8%) 0.47 0.34 to 0.67 ,0.001
37–48 46 (2.0%) 226 (2.5%) 0.48 0.32 to 0.71 ,0.001
49–60 23 (1.0%) 139 (1.5%) 0.54 0.32 to 0.92 0.021
.60 7 (0.3%) 94 (1.0%) 0.20 0.08 to 0.47 ,0.001

*OR adjusted for co-morbidity (diabetes, hypertension, CCF, myocardial infarction, cancer), angiotensin
converting enzyme inhibitors, aspirin, b blockers, calcium channel blockers, smoking, body mass index, and
deprivation (Townsend score in fifths).

756 Hippisley-Cox, Coupland

www.heartjnl.com

 on 6 January 2007 heart.bmj.comDownloaded from 

http://heart.bmj.com


unselected patients in a non-trial setting including the
elderly,16 those with diabetes, and women. The benefits can
be seen within the first two years of treatment and continue
to accrue over time. The reduction in mortality is similar for
the two most commonly prescribed drugs (atorvastatin and
simvastatin) and probably also applies to the other statins,
though this did not reach significance due to the relative low
usage.

Comparison of our results with trial results
Our study was larger than the 4S,1 which randomly assigned
2221 patients to simvastatin and 2223 patients to placebo
(median duration of follow up 5.3 years). We found that
patients taking simvastatin had a 39% lower mortality (95%
CI 25% to 50%), which is comparable with the 30% reduction
reported over a shorter time in the 4S (95% CI 15% to 42%).
The six year survival for treated patients in the 4S was 91.3%
in the simvastatin group and 87.7% in the placebo group.
These survival figures in the 4S are higher than those we
report (89% with statins, 66% without statins), which
suggests that the 4S trial population was a healthier
population than our study population. If this is the case,
then the absolute benefit of statins in reducing mortality in
the community is probably greater than anticipated. Now
that the patents for some statins have expired, the cost-
benefit ratio is also likely to be even more favourable.

Discussion of methods
We used a nested case–control approach in addition to the
cohort analysis to examine duration response and test for
interactions. Our cases and controls were well matched on
age, sex, and index date, making this an appropriate
environment to examine how the benefits of statins accrue
over time. Our outcome (that is, whether patients died) is
likely to be well recorded on the general practitioner clinical
database because there is a national electronic procedure in
the UK that comes into operation when a patient dies. This
automatically updates the patient’s health electronic record
with the date of the patient’s death. There was no recall bias,
as the exposure data were recorded on computer before the
date of death or pseudo-death. Misclassification of exposure
status is unlikely, as more than 99% of all general
practitioners’ repeat prescriptions are recorded on computer;
at the time of the study, statins were not available over the
counter. By excluding patients with a diagnosis of ischaemic
heart disease within the first three months of registration
with their practice, we reduced information bias that can
result on registration if pre-existing diseases are recorded as
if they were new events.

In observational studies of the intended benefits of drugs,
indication bias is an important issue for consideration. To
examine this we repeated the analyses excluding patients
with diabetes or congestive cardiac failure or myocardial
infarction and found very similar results. We also examined
the possibility that the benefits of statins can be exaggerated
if they were less likely to be prescribed to people with cancer
or with a short life expectancy after a diagnosis of ischaemic
heart disease by excluding these groups from the analysis
and again found the effects of statins to be similar to the
effect found in the overall analysis.

Although we have adjusted for several confounding
variables, residual confounding may result from misclassifi-
cation of those variables and confounding by unmeasured
variables. Such effects would have to be very large to account
for the substantial protective effects reported here.

Validation of the QRESEARCH database
The QRESEARCH database has been validated by comparing
the age–sex structure of the population with the 2001 census;

birth and death rates with figures from the Office for
National Statistics; prescribing rates with prescribing analysis
and cost (PACT) data; 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 Database.
We found a good correspondence for all of these measures
(results are available upon request). We have also compared
practices taking part in regional research networks on these
and other measures and found a good correspondence.17

Detailed analyses have shown good levels of completeness
and consistency.18

Conclusion
The benefits of statins found in randomised controlled trials
extend to unselected community based patients. Since
patients in the community are likely to be at higher risk
than those in trials, the potential benefits from statins are
likely to be greater than expected.
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Unusual acute coronary syndrome

A
68 year old man was admitted for an acute anterior ST
segment elevation myocardial infarction, three hours
after the pain first started. The physical examination

showed no evidence of heart failure (Killip class 1). The ECG
revealed an anterior ST segment elevation without conduc-
tion disturbances (panel A). Echocardiography confirmed
anterior hypokinesia with compensatory hyperkinesia of the
inferior wall. The patient was put on standard anti-ischaemic
therapy and thrombolytic treatment was started immediately
after admission. Ninety minutes later, the ECG (panel B)
showed a totally different ischaemic topography, with ST
segment elevation in the inferolateral leads associated with
an anterior depression, regressing after an increase in
intravenous nitrate treatment, with return to the previous
ECG in less than five minutes. Because of the presence of
clinical and electrical reperfusion signs, coronary angiogra-
phy was done the day after and showed a non-critical plaque
in the mid portion of the left anterior descending artery
(40%). The right coronary artery was normal and there was
no evidence of other lesions. The post-infarction ECG showed
limited anteroseptal Q waves.

How can we explain the inferior ST elevation in this patient
who was free of any coagulation problems, with dominant
right coronary and normal circumflex arteries? The most
probable explanation is right coronary artery spasm asso-
ciated with a plaque rupture and thrombosis on the left
anterior descending artery. The patient was switched from
b blocker therapy to a calcium antagonist, and there were no
new ischaemic episodes. This is the first reported case of a
coronary vasospasm that occurred during a myocardial
infarction, secondary to a different artery other than the
culprit one. Indeed, occurring 36 hours after an acute
coronary syndrome, it has never been described so early.
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Initial standard 12 lead ECG indicating an anterior ST segment
myocardial infarction.

Ninety minutes later, the ECG shows a totally different ischaemic
topography, with inferolateral ST elevation and anterior mirror.
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