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Primary prevention of cardiovascular disease with
atorvastatin in type 2 diabetes in the Collaborative
Atorvastatin Diabetes Study (CARDS): multicentre
randomised placebo-controlled trial
Helen M Colhoun, D John Betteridge, Paul N Durrington, Graham A Hitman, H Andrew W Neil, Shona J Livingstone, Margaret J Thomason,
Michael I Mackness, Valentine Charlton-Menys, John H Fuller, on behalf of the CARDS investigators*

Summary
Background Type 2 diabetes is associated with a substantially increased risk of cardiovascular disease, but the role of
lipid-lowering therapy with statins for the primary prevention of cardiovascular disease in diabetes is inadequately
deﬁned. We aimed to assess the effectiveness of atorvastatin 10 mg daily for primary prevention of major cardiovascular
events in patients with type 2 diabetes without high concentrations of LDL-cholesterol.
Methods 2838 patients aged 40–75 years in 132 centres in the UK and Ireland were randomised to placebo (n=1410) or
atorvastatin 10 mg daily (n=1428). Study entrants had no documented previous history of cardiovascular disease, an
LDL-cholesterol concentration of 4·14 mmol/L or lower, a fasting triglyceride amount of 6·78 mmol/L or less, and at
least one of the following: retinopathy, albuminuria, current smoking, or hypertension. The primary endpoint was time
to ﬁrst occurrence of the following: acute coronary heart disease events, coronary revascularisation, or stroke. Analysis
was by intention to treat.
Findings The trial was terminated 2 years earlier than expected because the prespeciﬁed early stopping rule for efﬁcacy
had been met. Median duration of follow-up was 3·9 years (IQR 3·0–4·7). 127 patients allocated placebo (2·46 per
100 person-years at risk) and 83 allocated atorvastatin (1·54 per 100 person-years at risk) had at least one major
cardiovascular event (rate reduction 37% [95% CI –52 to –17], p=0·001). Treatment would be expected to prevent at least
37 major vascular events per 1000 such people treated for 4 years. Assessed separately, acute coronary heart disease
events were reduced by 36% (–55 to –9), coronary revascularisations by 31% (–59 to 16), and rate of stroke by 48% (–69
to –11). Atorvastatin reduced the death rate by 27% (–48 to 1, p=0·059). No excess of adverse events was noted in the
atorvastatin group.
Interpretation Atorvastatin 10 mg daily is safe and efﬁcacious in reducing the risk of ﬁrst cardiovascular disease events,
including stroke, in patients with type 2 diabetes without high LDL-cholesterol. No justiﬁcation is available for having a
particular threshold level of LDL-cholesterol as the sole arbiter of which patients with type 2 diabetes should receive
statins. The debate about whether all people with this disorder warrant statin treatment should now focus on whether
any patients are at sufﬁciently low risk for this treatment to be withheld.

Introduction
Type 2 diabetes is associated with a two to fourfold
increased risk of both coronary heart disease and stroke.1–3
Case-fatality rates for myocardial infarction and stroke are
also raised,4–6 emphasising the need for primary
prevention. Findings of observational studies1 suggest that
lipid lowering should have an important place in the
primary prevention of cardiovascular disease in people
with diabetes. Although LDL-cholesterol is not usually
greatly increased in such individuals, it is as least as strong
a predictor of coronary heart disease risk as in the general
population.1 In the UK Prospective Diabetes Study,7,8 a
1·57-fold increased risk of coronary heart disease was
reported for every 1 mmol/L increment in LDLcholesterol. LDL-cholesterol also predicts stroke risk in
patients with type 2 diabetes.9
Trials that included participants with diabetes and
coronary heart disease have shown that cholesterol
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lowering with statins substantially reduces risk of
subsequent cardiovascular events.10–13 The beneﬁt of lipid
lowering for primary prevention of cardiovascular disease
is based on evidence showing a signiﬁcant 33% reduction
of this disorder in 2912 patients with diabetes but no
previous occlusive vascular disease in the Heart Protection
Study (HPS)14 and a non-signiﬁcant 16% reduction in
coronary heart disease in 2532 hypertensive patients with
diabetes without previous occurrence of coronary heart
disease in the Anglo-Scandinavian Cardiac Outcomes
Trial-Lipid Lowering Arm (ASCOT-LLA).15
Current prescription rates for lipid lowering in patients
with diabetes remain low, even in those with existing
cardiovascular
disease.16,17
Researchers
on
the
international AUDIT study18 reported that most diabetes
specialists were not convinced of the need for lipid
lowering down to current guideline targets for primary
prevention of cardiovascular disease in type 2 diabetes.
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Furthermore, these guidelines are not consistent with
respect to which patients with diabetes warrant lipidlowering therapy.19–21 Thus, further evidence from clinical
trials is needed to show the beneﬁts of statin treatment for
primary prevention of cardiovascular disease in type 2
diabetes more convincingly and to quantify the beneﬁt
more precisely.
The aim of the Collaborative Atorvastatin Diabetes
Study (CARDS) was to assess the effectiveness of 10 mg of
atorvastatin daily versus placebo in the primary prevention
of cardiovascular disease in patients with type 2 diabetes.
The trial was stopped 2 years earlier than planned because
of signiﬁcant beneﬁt at the second interim analysis.

Patients and methods
The CARDS protocol has been described in detail
elsewhere.22 The study was undertaken in accordance with
the Declaration of Helsinki and the Guidelines on Good
Clinical Practice. Every centre obtained local research
ethics committee approval after approval from the
multicentre research ethics committee. All patients gave
fully informed written consent.

Patients
Investigators in 132 clinical centres around the UK and
Ireland identiﬁed potentially eligible individuals by
reviewing computerised registers of patients and by
opportunistic assessment of people attending diabetes
clinics. Men and women aged 40–75 years with type 2
diabetes mellitus (deﬁned with 1985 WHO criteria)
diagnosed at least 6 months before study entry were
considered for inclusion provided they had at least one or
more of the following: a history of hypertension, deﬁned
as receiving antihypertensive treatment or having systolic
blood pressure of 140 mm Hg or greater or diastolic blood
pressure of 90 mm Hg or greater on at least two successive
occasions; retinopathy—ie, any retinopathy, maculopathy,
or previous photocoagulation; microalbuminuria or
macroalbuminuria, deﬁned as a positive Micral or other
strip test, an albumin creatinine ratio of 2·5 mg/mmol or
greater, or an albumin excretion rate on timed collection
of 20 g/min or more, all on at least two successive
occasions; or currently smoking (no minimum number of
cigarettes per day was required). All patients reporting
current smoking were counselled to quit.
Patients were ineligible if they had any past history
of myocardial infarction, angina, coronary vascular
surgery, cerebrovascular accident, or severe peripheral
vascular disease (deﬁned as warranting surgery). We
checked eligibility against the patient’s clinical notes and
their own recall and assessed lipid eligibility criteria by
blood testing at one screening and four pretreatment visits
over a 10-week period. We asked patients to attend these
visits after a 12 h fast. Mean serum LDL-cholesterol
concentration during baseline visits had to be
4·14 mmol/L or lower and serum triglycerides
6·78 mmol/L or less. We excluded patients if they
686

had a plasma creatinine concentration greater than
150 mol/L, glycated haemoglobin (HbA1c) of more than
12%, or if during the baseline phase they had less than
80% compliance with placebo. We randomised patients
between November, 1997, and June, 2001.

Procedures
Within every centre, the local investigator sequentially
randomly assigned eligible patients to study treatment
(either placebo or atorvastatin 10 mg daily) from a
block of drugs that had been prepackaged for every centre
by Pﬁzer, according to a computer-generated
randomisation code. Investigators, pharmacists, study
administrators, and patients were unaware of the
randomisation code throughout the study.
We saw patients monthly for the ﬁrst 3 months, then at
6 months, and thereafter 6-monthly. At these visits, we
checked safety variables, recorded any adverse events and
endpoints, and measured blood pressure and weight.
Participating clinics used their usual method for
measuring blood pressure. A resting electrocardiogram
was recorded annually and Minnesota coded. At every
follow-up visit we assessed patient’s compliance: they
were deemed compliant if they had taken at least 80% of
the study drug.
We asked all patients about adverse clinical events at
every follow-up visit. Events that needed admission, were
life-threatening or fatal, or that caused persistent or
signiﬁcant incapacity were reported as serious adverse
events. We discontinued study treatment if amounts of
liver transaminase rose to three or more times the upper
limit of normal or if creatinine phosphokinase
concentrations increased to ten or more times the upper
limit of normal and if the abnormality persisted on a
repeat sample.
To be eligible as endpoints, cardiovascular events had to
be acute and hospital-veriﬁed. An independent endpoint
committee reviewed all reported cardiovascular events and
deaths and classiﬁed them according to criteria speciﬁed
in the endpoint protocol. Sudden deaths ascribable to
coronary heart disease, but for which an acute myocardial
infarction could not be conﬁrmed, were classiﬁed as acute
coronary heart disease deaths. In addition to clinical
events, annual electrocardiograms were Minnesota coded
centrally for detection of Q-wave silent myocardial
infarction that had not presented clinically.
We gave patients either a ﬁxed dose of placebo or
atorvastatin 10 mg daily. If lipid-lowering therapy had to
be started for any clinical indication during the study
period the investigator could prescribe additional
treatment on top of study drug while remaining unaware
of treatment allocation. The drugs and doses that were
allowed as additional therapy were: atorvastatin 10 mg,
simvastatin (up to) 40 mg, pravastatin (up to) 40 mg,
ﬂuvastatin (up to) 80 mg, and cerivastatin 0·3 mg (before
its withdrawal). If LDL-cholesterol concentrations rose to
more than 4·65 mmol/L or triglyceride amounts to more
www.thelancet.com Vol 364 August 21, 2004
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than 9·0 mmol/L, and these levels persisted 4 weeks later
despite attempts to improve glycaemic control, dietary
compliance, or both, then the study drug was withdrawn
but the patient continued to be followed up. In October,
2002 (ie, for the last 8 months of the study), a protocol
change was made that allowed add-in treatment (the same
drugs and doses listed above) rather than withdrawal of
study drug when these lipid concentrations were
exceeded. Participants remained on study drug
irrespective of how low their LDL-cholesterol fell.
We measured serum cholesterol and triglyceride
concentrations by an automated enzymatic method.23
Serum apolipoprotein A1 and B concentrations were
ascertained by immunonephelometry using a Cobas Mira
(Roche, Basel, Switzerland), with reagents and standards
supplied by the manufacturer. For samples not needing
ultracentrifugation (ie, serum triglyceride 4 mmol/L),
we
did
heparin-manganese
precipitation
of
apolipoprotein-B-containing lipoproteins on whole serum
and measured HDL-cholesterol remaining in the
supernatant by an enzymatic method. LDL-cholesterol
was then calculated with the Friedewald formula.24 If
serum triglycerides exceeded 4·0 mmol/L, VLDL was
removed by ultracentrifugation. We measured the
cholesterol content (LDL and HDL) of a sample of the
infranatant. In a second sample, heparin-manganese
precipitation of the remaining apolipoprotein-Bcontaining lipoproteins was done and the supernatant
cholesterol (HDL) was measured. We then calculated
LDL-cholesterol as the ultracentrifuge infranatant
cholesterol ([LDL+HDL]–HDL).
The laboratory participated in the appropriate national
quality-control schemes for all analytes. Serum HDLcholesterol was calibrated against a Centre for Disease
Control and Prevention registered laboratory, which also
uses the heparin-manganese method, with the regression
equation from 86 comparisons between 1999 and 2003.25
By comparison of the heparin-manganese method against
a direct HDL procedure (ABX HDL-C Direct method
ABX, Shefford, UK) we noted the direct method read on
average 10% lower.
We did haematology analyses on whole blood
containing potassium EDTA with a Sysmex SE 9500
autoanalyser (Sysmex, Kobi, Japan). We measured HbA1c
in whole blood containing ﬂuoride oxalate with a Biorad
Diamat high-pressure liquid chromatography analyser
(Biorad, Hercules, CA, USA), with standards and controls
supplied by the manufacturer. The upper limit of normal
for the laboratory was 6·5%. Glucose was measured in
plasma containing ﬂuoride oxalate, whereas all other
analytes were quantiﬁed in heparinised plasma. All other
analytes were assessed with an Hitachi 747 autoanalyser
(Hitachi, Tokyo, Japan), with standards and controls as
recommended by the manufacturer. Creatinine and
albumin concentrations were measured annually in single
urine samples that stick testing had conﬁrmed were free
of infection. Microalbuminia was deﬁned as an albumin
www.thelancet.com Vol 364 August 21, 2004

creatinine ratio greater than 2·5 mg/mmol and
macroalbuminia as a ratio greater than 25 mg/mmol.

Statistical analysis
The study was designed to have 90% power to detect a
reduction of a third in the primary endpoint in the
atorvastatin 10 mg daily group at a signiﬁcance level of
p<0·05. We judged p<0·049 to be signiﬁcant for the
primary endpoint analyses because this value allowed for
the interim analysis effects on the type 1 error rate. To
achieve the speciﬁed statistical power, assuming a
cumulative annual incidence of 2·35% for the primary
endpoint in the placebo group, a total of 304 primary
endpoints needed to accrue.
The primary endpoint consisted of the ﬁrst of the
following: acute coronary heart disease event (myocardial
infarction including silent infarction, unstable angina,
acute coronary heart disease death, resuscitated cardiac
arrest), coronary revascularisation procedures, or stroke.
Prespeciﬁed secondary efﬁcacy outcomes were effect of
treatment on total mortality and effect of atorvastatin on
any acute, hospital-veriﬁed cardiovascular endpoint. All
analyses were by intention to treat and were speciﬁed in
an analysis plan before unmasking. All patients who were
randomised and took at least one dose of study drug were
included in the analyses. The main analysis was a Cox
regression survival analysis, comparing the hazard rates
for the primary endpoint in the two treatment groups,
yielding the hazard ratio as a measure of effect size with its
signiﬁcance level. We conﬁrmed that further stratiﬁcation
by centre did not appreciably alter the hazard ratio. The
same statistical approach was used to compare mortality
rates and time to the ﬁrst of any acute cardiovascular
endpoint between the treatment arms. The validity of the
proportional-hazards assumption was conﬁrmed by a test
for interaction of the hazard ratio with time.
Prespeciﬁed tests of heterogeneity were used to assess
whether the effects in particular subgroups (age, sex, and
baseline lipids) differed between groups and we
prespeciﬁed that we would report the treatment effect for
acute coronary heart disease events, coronary
revascularisations, and stroke separately. The power to
detect small differences in treatment effect between
subgroups or to detect signiﬁcance of treatment effect
within subgroups is limited, particularly since the trial
terminated early.
We assessed the effect of atorvastatin on lipid
concentrations with a linear mixed model using all data
for every patient. These models included a test of
interaction between the treatment effect and time. A
conservative approach of imputing missing lipid values
from pretreatment concentrations was used for any
patients with no post-treatment values. We calculated
numbers needed to treat as the reciprocal of the absolute
risk reduction for the primary endpoint for a treatment
duration of 4 years (the median follow-up time) in
1000 patients.
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The protocol speciﬁed that the independent data and
safety monitoring board would undertake an interim
analysis when 25%, 50%, and 75% of the total
anticipated primary endpoints had accrued. The interim
analyses used an asymmetric (Peto-Haybittle) type rule26
and we prespeciﬁed that the board might advise
termination if a signiﬁcant difference emerged in favour
of atorvastatin (at p<0·0005 one-sided, p<0·001 twosided at any analysis) or in favour of placebo (at p<0·005,
0·1, and 0·2 one-sided, for the three interim analyses,
respectively). At the second interim analysis a signiﬁcant
difference was reported in favour of atorvastatin at
p<0·001 (two-sided) and so the data and safety
monitoring board recommended termination. The
CARDS
steering
committee
accepted
their
recommendation and trial termination was announced
on June 12, 2003, 2 years earlier than the anticipated
date.

Role of the funding source
CARDS was designed by the coprincipal investigators
(HC, DJB, PND, GAH, AWN, JHF) and was funded by the
UK Department of Health, Diabetes UK, and Pﬁzer. All
three funding sources had a voting member on the
executive and steering committees. Site monitoring, data
collection, and data entry was done by staff at Pﬁzer UK,
but data and site monitoring quality-control speciﬁcation
was undertaken in conjunction with the CARDS
coordinating Centre at University College London (UCL).
Data analysis and its prespeciﬁcation were done

4053 screened
804 ineligible or
refused
3249 entered baseline
408 ineligible or
refused
2841 randomised

1412 randomised
to placebo
2 incorrectly
randomised
no drug taken
1410 allocated
placebo
Lost to follow-up for:
4 mortality (0·3%)
12 morbidity (0·9%)
1398 complete
follow-up
for morbidity

Figure 1: Trial proﬁle
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1429 randomised to
atorvastatin 10 mg daily
1 incorrectly
randomised
no drug taken
1428 allocated 10 mg
atorvastatin daily
Lost to follow-up for:
1 mortality (0·1%)
7 morbidity (0·5%)
1421 complete
follow-up
for morbidity

independently by the CARDS coordinating centre at UCL.
This report was prepared by the authors independently of
the funding sources, and although the sponsors were
allowed to comment on the manuscript they had no right
of veto over any of its contents.

Results
Of 4053 individuals initially screened, 3249 (80%) entered
the baseline phase (ﬁgure 1). Failure to meet the
randomisation criteria was the most typical reason for not
Placebo (n=1410) Atorvastatin (n=1428)
Demographics
Age (years)
61·8 (8·0)
Age <60 years
529 (38%)
Age 60–70 years
708 (50%)
Age >70 years
173 (12%)
Women
453 (32%)
White ethnic origin
1326 (94%)
Diabetes duration (years)
7·8 (6·33)
Lipids
Total cholesterol (mmol/L)
5·35 (0·82)
LDL-cholesterol (mmol/L)
3·02 (0·70)
HDL-cholesterol (mmol/L)
1·42 (0·34)
Median (IQR) triglyceride (mmol/L) 1·67 (1·17–2·40)
Non-HDL cholesterol
3·93 (0·82)
Apolipoprotein A1 (mg/L)
1530 (294)
Apolipoprotein B (mg/L)
1150 (241)
Diabetes treatment
Diet only
228 (16%)
Oral hypoglycaemic drug only
916 (65%)
Insulin only
207 (15%)
Insulin and oral
59 (4%)
hypoglycaemic drug
Retinopathy
427 (30%)
28·8 (3·52)
Body-mass index (kg/m2)
Obese (body-mass
537 (38%)
index >30 kg/m2)
Albuminuria*
Micro
153 (15%)
Macro
17 (2%)
Median (IQR) urinary
1·08 (0·57–2·82)
albumin creatinine ratio
Smoking
Never
485 (34%)
Ex-smoker
601 (43%)
Current
323 (23%)
Hypertension
1184 (84%)
Blood pressure
Systolic (mm Hg)
144 (16·1)
Diastolic (mm Hg)
83 (8·4)
Blood-pressuring lowering drugs 940 (67%)
 blocker
104 (7%)
 blocker
237 (17%)
Calcium antagonist
290 (21%)
Angiotensin-converting
615 (44%)
enzyme inhibitor or
angiotensin II receptor antagonist
Diuretic
282 (20%)
Aspirin or other antiplatelet drug 207 (15%)
Plasma creatinine (mol/L)
102 (15·0)
HbA1c (%)
7·81 (1·39)
Fasting plasma glucose (mmol/L) 9·84 (3·21)

61·5 (8·3)
558 (39%)
703 (49%)
167 (12%)
456 (32%)
1350 (95%)
7·9 (6·36)
5·36 (0·83)
3·04 (0·72)
1·39 (0·32)
1·70 (1·20–2·40)
3·96 (0·82)
1530 (271)
1170 (243)
214 (15%)
932 (65%)
210 (15%)
72 (5%)
426 (30%)
28·7 (3·61)
515 (36%)

148 (15%)
24 (2%)
1·15 (0·63–2·78)

498 (35%)
622 (44%)
308 (22%)
1193 (84%)
144 (15·9)
83 (8·5)
956 (67%)
113 (8%)
219 (15%)
304 (21%)
637 (45%)

262 (18%)
221 (15%)
102 (14·7)
7·87 (1·42)
10·01 (3·27)

Data are number of patients (%) or mean (SD), unless otherwise indicated. To convert
from mmol/L to mg/dL for cholesterol multiply by 38·7; for triglycerides by 88·5.
*Albuminuria was identiﬁed on the basis of two raised sequential pretreatment
readings; denominators are 1013 for placebo and 1006 for atorvastatin.

Table 1: Baseline characteristics
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Number of patients (%)* taking at least one
lipid-lowering drug, including study statin

Timepoint
1 year
2 years
3 years
4 years
Average

Placebo

Atorvastatin

32/1349 (2%)
90/1305 (7%)
121/1018 (12%)
96/650 (15%)
9%

1252/1391 (90%)
1184/1360 (87%)
918/1071 (86%)
542/692 (78%)
85%

*Denominator is patients not known to be dead who have not yet had a primary
endpoint. Non-compliance is assumed when data are missing.

Table 2: On-study drug compliance and non-study lipid-lowering
drug use

entering this phase (n=647; 81%); of the remaining
patients, most simply no longer wanted, or were able, to
take part. Of those entering the baseline phase, 2838 were
randomised and took at least one dose of study drug.
Three patients were randomised but took no drug because
we realised they did not meet the entry criteria before they
actually took their ﬁrst dose. Reasons for exclusion at
baseline included failure to meet the randomisation
criteria (248; 60%) or illness (47; 11%). Only 14 (3%)
patients were not randomised because of poor compliance

during the baseline period; the main reason for exclusion
in the remainder was that they no longer wanted to take
part.
Participants were mainly of white ethnic origin (n=2676;
94%), men (1929; 68%), and had a mean age of 62 years
(SD 8). The two treatment groups were well balanced in
terms of age, sex, baseline cardiovascular disease risk
factors, and diabetes-speciﬁc factors (table 1). At entry,
1795 (63%) had one, 859 (30%) had two, 168 (6%) had
three, and 16 (1%) had four of the additional entry criteria
risk factors (albuminuria, retinopathy, hypertension,
current smoking) reported by the local investigator, and
these proportions were the same in each group.
Before randomisation, 116 (4%) patients had a concentration of LDL-cholesterol greater than 4·14 mmol/L and
418 (15%) had total cholesterol of more than 6·2 mmol/L.
18% of each group (268 atorvastatin, 249 placebo) were on
metformin only at baseline, 28% were on metformin and
a sulfonylurea (404 atorvastatin, 392 placebo), and 23% of
each group were on a sulfonylurea only (326 atorvastatin,
329 placebo). Five participants in each group were
incorrectly randomised with previous cardiovascular
disease. Three patients were entered who had type 1
diabetes (two placebo, one atorvastatin group).

Total cholesterol

LDL

6

6

5

5

4

4

3

3

2

2

1

1

0

0

Amount of cholesterol (mmol/L)

HDL

Non-HDL

6

6

5

5

4

4

3

3

2

2

1

1

0

0
0

0·5

1·0

1·5

Triglycerides

2·0

2·5

3·0

3·5

4·0

4·5

Time in study (years)

2

Placebo
1

Atorvastatin

0
0

0·5

1·0

1·5

2·0

2·5

3·0

3·5

4·0

4·5

Time in study (years)

Figure 2: Median lipid concentrations
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Mean (SD) concentration
Baseline
Number of patients†
Placebo
1409
Atorvastatin
1428
LDL-cholesterol (mmol/L)
Placebo
3·02 (0·70)
Atorvastatin
3·04 (0·72)
Total cholesterol (mmol/L)
Placebo
5·35 (0·82)
Atorvastatin
5·36 (0·83)
HDL-cholesterol (mmol/L)
Placebo
1·42 (0·34)
Atorvastatin
1·39 (0·32)
Non-HDL-cholesterol (mmol/L)
Placebo
3·93 (0·82)
Atorvastatin
3·96 (0·82)
Triglyceride (mmol/L)
Placebo
1·93 (1·09)
Atorvastatin
1·95 (1·08)
Apolipoprotein A1 (mg/L)
Placebo
1530 (290)
Atorvastatin
1530 (270)
Apolipoprotein B (mg/L)
Placebo
1150 (240)
Atorvastatin
1170 (240)

Average treatment effect across the study

6 months

1 year

2 years

3 years

4 years

1306
1346

1290
1322

1258
1279

977
1014

609
632

Absolute units (95% CI)
..
..

Percentage effect* (95% CI)

p

..
..

..
..

3·07 (0·79)
1·75 (0·63)

3·10 (0·80)
1·86 (0·69)

3·04 (0·82)
1·94 (0·73)

3·04 (0·82)
2·07 (0·71)

3·12 (0·80)
2·11 (0·70)

–1·20 (–1·23 to –1·17)
..

–40% (–41 to –39)
..

<0·0001
..

5·40 (0·89)
3·87 (0·76)

5·42 (0·90)
3·97 (0·81)

5·34 (0·93)
4·03 (0·83)

5·31 (0·90)
4·14 (0·87)

5·28 (0·91)
4·12 (0·84)

–1·40 (–1·43 to –1·37)
..

–26% (–27 to –26)
..

<0·0001
..

1·39 (0·36)
1·41 (0·35)

1·37 (0·37)
1·37 (0·33)

1·33 (0·36)
1·35 (0·35)

1·29 (0·33)
1·30 (0·32)

1·23 (0·30)
1·26 (0·30)

0·02 (0·01 to 0·03)
..

1% (0·7 to 2)
..

0·0002
..

4·01 (0·89)
2·47 (0·74)

4·05 (0·91)
2·60 (0·80)

4·00 (0·92)
2·68 (0·83)

4·02 (0·91)
2·85 (0·86)

4·05 (0·90)
2·86 (0·82)

–1·42 (–1·45 to –1·39)
..

–36% (–37 to –35)
..

<0·0001
..

1·97 (1·22)
1·53 (0·93)

1·96 (1·23)
1·58 (0·88)

1·98 (1·24)
1·61 (0·93)

1·94 (1·21)
1·66 (0·98)

1·90 (1·10)
1·61 (0·93)

–0·39 (–0·42 to –0·36)
..

–19% (–20 to –17)
..

<0·0001
..

1410 (260)
1470 (250)

1460 (300)
1470 (290)

1390 (270)
1400 (270)

1330 (260)
1320 (270)

1310 (230)
1320 (230)

1150 (280)
960 (300)

1100 (230)
800 (200)

1070 (220)
790 (200)

1060 (220)
810 (200)

1050 (210)
800 (190)

–0·16 (–1·4 to 1.1)
..
–27 (–28 to –26)
..

–0.1% (–0·9 to 0·7)
..
–23% (–24 to –22)
..

0·80
..
<0.0001
..

*Treatment effect on within-person change in lipid or lipoprotein across all study points as percentage of placebo mean. †Numbers of patients at every timepoint are given for LDL-cholesterol only, some of the other analytes
may have slightly different numbers of patients.

Table 3: Effect of treatment on lipids and lipoproteins

2819 (99%) of those randomised were fully assessable
for mortality and morbidity at study termination (ﬁgure 1).
The median period of observation for the primary
endpoint was 4·0 years (IQR 3·0–4·7) in the atorvastatin
group and 3·9 years (2·9–4·6) in the placebo group:
altogether, 5384 person-years of observation were
Number of patients with
an event (%)
Placebo

Atorvastatin
10 mg

Hazard ratio (95% CI)

p

127 (9·0%)

83 (5·8%)

0·63 (0·48–0·83) 0·001

Acute coronary events

77 (5·5%)

51 (3·6%)

0·64 (0·45–0·91)

Coronary
revascularisation

34 (2·4%)

24 (1·7%)

0·69 (0·41–1·16)

Stroke

39 (2·8%)

21 (1·5%)

0·52 (0·31–0·89)

82 (5·8%)

61 (4·3%)

0·73 (0·52–1·01) 0·059

189 (13·4%)

134 (9·4%)

0·68 (0·55–0·85) 0·001

Primary endpoint

Secondary endpoint
Death from any cause
Any acute cardiovascular
disease event

0·2 0·4 0·6 0·8 1·0 1·2

Figure 3: Effect of treatment on primary and secondary endpoints
Total number of acute coronary events, coronary revascularisations, and strokes separately do not equal the total
number of primary events shown above, because only the ﬁrst of these events is included in the primary endpoint.
Thus, an individual who has had a stroke and a revascularisation will be counted only once in the primary endpoint
but will appear in both separate totals for revascularisation and stroke. Symbol size is proportional to amount of
statistical information.
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available for the primary endpoint in the atorvastatin
group and 5166 person-years for the placebo group.
Table 2 shows the proportion of patients allocated
placebo and atorvastatin 10 mg daily who were taking
atorvastatin, a non-study statin, or both at various
timepoints during the study. On average, for 4 years of
follow-up, assuming non-compliance in patients missing
follow-up and considering only those who did not yet have
a primary endpoint, 9% of the placebo group were taking a
statin and 85% of those allocated atorvastatin were either
taking it, another statin, or both. The net difference in
statin use is therefore about 75% rather than 100% if all
patients had remained fully compliant with the study drug
to which they had been allocated and no add in had
occured.
Figure 2 shows the group median, and table 3 the mean,
lipid and lipoprotein concentrations, summarising the
treatment effect throughout the study. Allocation to
atorvastatin was associated with a net reduction in LDLcholesterol and triglycerides, and a negligible increase in
HDL-cholesterol (table 3). During the treatment phase,
median LDL-cholesterol in the atorvastatin group was
typically around 2·0 mmol/L (ﬁgure 2), and throughout
the study at least 75% of patients allocated atorvastatin had
a concentration of LDL-cholesterol less than 2·47 mmol/L
and at least 25% had a concentration lower than
1·66 mmol/L.
Allocation to atorvastatin was associated with a 37%
reduction in incidence of major cardiovascular events
(p=0·001; ﬁgures 3 and 4). Adjustment for baseline age
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20

Primary endpoint: major cardiovascular events

Cumulative hazard (%)

Relative risk 37% (95% CI 52 to 17) , p=0·001
15

Type of ﬁrst event
Fatal myocardial infarction
Other acute coronary heart
disease death
Non-fatal myocardial infarction*
Unstable angina
Resuscitated cardiac arrest
Coronary revascularisation
Fatal stroke
Non-fatal stroke
Total

Placebo
Atorvastatin

10

5

0
Number at risk
1410
Placebo
Atorvastatin 1428

20

1351
1392

1306
1361

1022
1074

305
328

651
694

All-cause mortality

Cumulative hazard (%)

15

10

5

0

Cumulative hazard (%)

20

1395
1418

1370
1401

1094
1110

709
730

332
351

Any cardiovascular endpoint
Relative risk 32% (95% CI 45 to 15), p=0·001

15

10

5

0
0
Number at risk
1410
Placebo
Atorvastatin 1428

Atorvastatin
(n=1428)

20
4

8
10

41
9
0
18
5
30
127

25
7
0
12
1
20
83

*Five silent myocardial infarctions included in each group.

Relative risk 27% (95% CI 48 to 1), p=0·059

Number at risk
1410
Placebo
Atorvastatin 1428

Placebo
(n=1410)

1
1334
1372

2

Years

1275
1337

3
992
1040

4

4·75

621
663

287
306

Figure 4: Cumulative hazard of primary endpoint, all-cause mortality, and
any cardiovascular endpoint
*p for heterogeneity.

and sex and stratiﬁcation by centre made no difference to
the estimate of the treatment effect (36% risk reduction,
p=0·002). There was no violation of the proportionalhazards assumption in the model (p=0·93 for the test for
interaction of the hazard ratio with time). Table 4 shows
the composition of the primary endpoint in each group.
www.thelancet.com Vol 364 August 21, 2004

Table 4: Breakdown of primary endpoint by treatment group

We observed a reduction of 36% in acute coronary events,
31% in coronary revascularisation events, and 48% in
stroke, when assessed separately (ﬁgure 3). Incidence of
acute coronary heart disease events was 1·47 per 100
person-years at risk for patients allocated placebo and 0·94
per 100 person-years at risk for those allocated
atorvastatin. If unstable angina was excluded from the
deﬁnition of non-surgical acute coronary events (to allow
comparison with other major clinical trials), incidence was
1·31 per 100 person-years at risk for placebo and 0·88 per
100 person-years at risk for atorvastatin (relative risk
reduction 33% [95% CI –53 to –3]). For acute coronary
heart disease events plus revascularisations, incidence was
1·93 per 100 person-years at risk for placebo and 1·18 per
100 person-years at risk for atorvastatin.
Prespeciﬁed tests for evidence of heterogeneity of effect
were not signiﬁcant for sex (p=0·59) or median age at
entry (p=0·58). Patients with lipid concentrations above
and below the baseline median had similar treatment
effects (ﬁgure 5). No evidence of heterogeneity was
recorded for baseline systolic blood pressure (p=0·2),
retinopathy (p=0·7), albuminuria (p=0·34), smoking
status (p=0·7), or HbA1c (p=0·7).
Incidence of major cardiovascular disease events was
24·6 per 1000 person-years at risk in the placebo group
and 15·4 per 1000 person-years at risk in the atorvastatin
group. Therefore, allocation of 1000 patients to
atorvastatin 10 mg daily would avoid 37 ﬁrst major
cardiovascular disease events over a 4-year follow-up
period. 27 patients would need to be treated for 4 years to
prevent one event. However, incidence of ﬁrst or
subsequent major cardiovascular disease events was 31·8
per 1000 person-years at risk in the placebo group and
19·5 per 1000 person years at risk in the atorvastatin
group. Therefore, allocation of 1000 such patients to
atorvastatin 10 mg daily would be expected to be
associated with 50 fewer ﬁrst or subsequent major
cardiovascular disease events over a 4-year period of
follow-up.
82 people in the placebo group (6% of those
randomised; 1·51 per 100 person-years at risk) and
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Number of patients with
an event (%)
Placebo

Atorvastatin

Hazard ratio (95% CI)

LDL-cholesterol (mmol/L)
3·1

66 (9·5%)

44 (6·1%)

0·62 (0·43–0·91)

<3·1

61 (8·5%)

39 (5·6%)

0·63 (0·42–0·94)

HDL-cholesterol (mmol/L)
1·4

62 (8·5%)

36 (5·2%)

0·59 (0·39–0·89)

<1·4

65 (9·6%)

47 (6·4%)

0·66 (0·45–0·95)

Triglycerides (mmol/L)
1·7

67 (9·6%)

40 (5·5%)

0·56 (0·38–0·82)

<1·7

60 (8·4%)

43 (6·1%)

0·71 (0·48–1·05)

Total cholesterol (mmol/L)
71 (10·1%)
5·4
<5·4
56 (7·9%)

44 (6·2%)

0·59 (0·41–0·86)

39 (5·5%)

0·67 (0·45–1·01)

p*

0·96

0·70

0·40

0·67

0·2 0·4 0·6 0·8 1·0 1·2

Figure 5: Effect of treatment on the primary endpoint by median lipid level at baseline
Symbol size is proportional to amount of statistical information. p values are for test of heterogeneity.

61 who were allocated atorvastatin (4% of those randomised, 1·10 per 100 person-years at risk) died, a 27%
reduction in total mortality (ﬁgures 3 and 4). Allocation to
atorvastatin was associated with a 32% reduction in the
rate of acute cardiovascular endpoints.
Overall frequency of adverse events or serious adverse
events did not differ between treatments. In each group,
1·1% of patients randomised (19 atorvastatin, 20 placebo)
had one or more serious adverse events judged by the
attending clinician to be possibly associated with study
drug. A similar proportion reported that they discontinued
study drug at some point during the trial because of an
adverse event (145 [10%] placebo, 122 [9%] atorvastatin).
30 people in the placebo group and 20 in the atorvastatin
group died from cancer (p=0·14). Overall, 45 noncardiovascular deaths happened in the placebo group
(3·2% of those randomised) and 36 in the atorvastatin
group (2·5%). When we excluded patients allocated
placebo who had ever taken additional statin treatment,
there remained no difference in the overall frequency of
adverse events or serious adverse events between the
treatment groups.
No occurrences of rhabdomyolysis were reported. One
case of myopathy was seen in each of the placebo and
atorvastatin groups and myalgia was noted in 72 patients
allocated placebo and 61 allocated atorvastatin. Ten
individuals in the placebo group (0·7% of those
randomised) and two (0·1%) in the atorvastatin group
had at least one rise in creatinine phosphokinase of ten
or more times the upper limit of normal on routine
safety screening. In six of these ten placebo patients and
in both atorvastatin patients, pretreatment creatinine
phosphokinase concentrations were also above the
upper limit of normal. Only one of these ten people in
the placebo group reported any statin use at any point in
692

the study. Nine patients allocated placebo and seven in
the atorvastatin group discontinued from study drug
because of muscle-related events. 14 (1%) individuals
allocated placebo and 17 (1%) atorvastatin had at least
one increase of alanine transaminase of three or more
times the upper limit of normal. At least one rise in
aspartate transaminase of three or more times the upper
limit of normal was reported in four (0·3%) patients in
the placebo group and six (0·4%) in the atorvastatin
group. Of those allocated placebo with transaminase
rises, three with increased alanine transaminase and one
with raised aspartate transaminase had received
additional statin treatment.
At randomisation, two-thirds of patients in both
treatment groups reported use of blood-pressure lowering
drugs (table 1); at 4 years, 595 (84%) allocated placebo and
605 (83%) allocated atorvastatin were taking these drugs.
Mean systolic and diastolic blood pressure at this
timepoint was 144 (SD 17) and 79 (10) mm Hg in the
placebo group and 143 (17) and 80 (10) mm Hg in the
atorvastatin group. Mean body-mass index at 4 years was
29·4 kg/m2 (SD 4) in patients allocated placebo and
29·2 kg/m2 (4) in those allocated atorvastatin, and at
4 years follow-up, mean HbA1c was 8·1% (1·5) in the
placebo group and 8·3% (1·5) in the atorvastatin group. At
4 years, use of insulin alone and the combination of
insulin and oral hypoglycaemic drugs had risen; insulin
alone was taken by 139 (20%) individuals allocated placebo
and 156 (21%) allocated atorvastatin and the combination
by 118 (17%) placebo and 137 (19%) atorvastatin patients.
Use of oral hypoglycaemic drugs alone had fallen since
randomisation, and 403 (57%) in the placebo group and
397 (54%) in the atorvastatin group were taking these
drugs.

Discussion
The results of CARDS show that atorvastatin 10 mg daily
leads to a substantial reduction (37%) in major
cardiovascular events in patients with type 2 diabetes with
no history of cardiovascular disease and without high
LDL-cholesterol concentrations; this drug also reduced the
risk of stroke (48%). The treatment effect did not vary by
pretreatment cholesterol amount. On-treatment LDLcholesterol concentrations were substantially lower than
current target amounts in most treatment guidelines, and
no safety concerns were raised.19–21 Adverse event rates
were similar in the treated and placebo groups, and no
cases of rhabdomyolysis were noted. The large treatment
effect reported led to termination of the trial 2 years earlier
than expected.
We recorded a 27% fall in all-cause mortality in
patients allocated atorvastatin. The early termination of
the trial meant that fewer deaths were observed than
originally envisaged, reducing the power of the trial to
show a signiﬁcant reduction in all-cause mortality. A
reasonable interpretation of these data is, however, that
treatment resulted in a substantial reduction in
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mortality, although the exact magnitude of this effect
remains imprecise.
These data extend and strengthen the evidence for more
widespread use of statins for primary prevention in type 2
diabetes and show that such treatment is safe. This
evidence emphasises the pivotal role that lipid lowering
has in the primary prevention of cardiovascular disease in
type 2 diabetes and should result in lipids receiving at least
the same attention as glycaemic and blood-pressure
control in the management of such patients.
The CARDS ﬁndings are robust. The absence of any
active treatment run-in period means that the safety data
are representative of use in clinical practice. Evaluability
for morbidity and mortality was almost complete at the
termination of the trial. All analyses were prespeciﬁed
before unmasking of data, and the data analysis team was
independent of the study sponsors.
The average difference in statin use across the study
between patients allocated placebo and those allocated
atorvastatin was 75% rather than 100% if all patients
had remained on the treatment to which they had been
allocated. Thus, the recorded 37% risk reduction in the
primary endpoint of major cardiovascular disease
events is a conservative estimate, and we could argue
that with perfect compliance and no add-in treatment a
risk reduction of up 49% in this endpoint might be
expected.
The risk reduction in major cardiovascular disease
events in CARDS is larger than the point estimates seen in
HPS and ASCOT-LLA,14,15 but accords with the ﬁndings of
those studies. HPS included 2912 patients with diabetes
and no previous occlusive vascular disease. Over about
5 years of follow-up, 13·5% of the placebo group had a
major vascular event compared with 9·3% of those
allocated simvastatin 40 mg daily, a relative risk reduction
of 33% (p=0·0003).14 The average difference in LDLcholesterol between treatment groups was 0·9 mmol/L
compared with 1·20 mmol/L in CARDS. In the lipidlowering group of ASCOT-LLA,15 patients with
hypertension without coronary heart disease or a recent
cerebrovascular event had a signiﬁcant 36% reduction
(p=0·0005) in non-fatal myocardial infarction and fatal
coronary heart disease with the same dose of atorvastatin
10 mg daily as in CARDS. However, in the 2532 patients
with hypertension and diabetes in ASCOT-LLA, non-fatal
myocardial infarction and fatal coronary heart disease (the
primary endpoint) were reduced by 16%. This reduction
in coronary heart disease was not signiﬁcant (p=0·43) but
neither was it signiﬁcantly different from the treatment
effect in the overall trial population—ie, no heterogeneity
of effect.15 The lower estimate of treatment effect in
patients with diabetes in ASCOT-LLA compared with
CARDS and HPS is most probably attributable to chance,
especially since only 84 coronary heart disease events
arose in people with diabetes. Other possible explanations
raised by the ASCOT-LLA investigators were the greater
add-in treatment in the placebo arm in patients with
www.thelancet.com Vol 364 August 21, 2004

diabetes compared with those without this disorder.
Together, the CARDS, HPS, and ASCOT-LLA studies
provide evidence that statin treatment is effective for the
primary prevention of cardiovascular disease in type 2
diabetes.
The large reduction in acute coronary events in CARDS
was consistent with the noted average difference in LDLcholesterol between the treatment groups of
1·20 mmol/L. However, the relation between LDLcholesterol and stroke risk is less clear in observational
studies27,28 and so the effect on stroke was not predictable.
Large-scale meta-analyses have not shown any relation
with all strokes combined or have reported positive
associations with ischaemic stroke and inverse
associations with haemorrhagic stroke.27,28 This
inconsistency in the strength of relation between LDLcholesterol and stroke in epidemiological studies could
partly indicate the absence of distinction between
haemorrhagic and ischaemic strokes in some studies. In a
meta-analysis of statin trials, a 21% reduction in stroke
risk was reported for every 1 mmol/L LDL-cholesterol
reduction.29 Thus, a decrease of about 1·2 mmol/L should
lead to a reduction in stroke of about 25%. The effect seen
in CARDS is almost double this value at 48%, although
the 95% CI includes a 25% effect.
How soon after starting treatment does beneﬁt accrue?
The proportional-hazards assumption was not violated
and is consistent with achievement of the relative risk
reduction from quite early after treatment initiation.
Indeed, post-hoc analysis shows that the relative risk
reduction in the primary endpoint at 1 year was 33% and
at 2 years was 45% (p=0·002 at 2 years).
To what proportion of patients with type 2 diabetes can
the data on beneﬁts and safety of atorvastatin be
generalised? Although the inclusion criteria required that
for individuals to be eligible for randomisation one or
more additional risk factors for cardiovascular disease
should be present, we think that in fact most patients with
type 2 diabetes probably have at least one risk factor
anyway. For example, in patients with this disorder and no
previous cardiovascular disease in the population-based
Tayside study,30 70% had at least one of hypertension,
current smoking, or retinopathy (data for our other entry
risk factor, albuminuria, were not available; personal
communication, Peter James and Andrew Morris,
University of Dundee, UK). This ﬁnding suggests that the
CARDS results are directly applicable to most patients
with type 2 diabetes. Analysis of the data available from
NHANES III (http://www.cdc.gov/nchs) in the USA
shows that 82% of patients with diabetes have at least one
of the CARDS entry criteria risk factors, but no previous
coronary heart disease. Furthermore, in CARDS, no
evidence was recorded of heterogeneity in the treatment
effect by baseline risk factors, suggesting that the relative
risk reduction of more than a third that was noted is likely
to extend to patients with type 2 diabetes without any of
these risk factors. A primary prevention trial of lipid
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lowering that focuses on patients with type 2 diabetes and
no additional risk factors will probably never be
undertaken. This fact, and the good safety proﬁle we
reported, suggests that it is justiﬁable to infer that the
relative risk reduction reported would probably be
generalisable to all patients with type 2 diabetes without
previous cardiovascular disease.
Selection of patients warranting treatment should be
based on the absolute risk reduction and not just the
relative risk reduction. In CARDS, the risk of major
cardiovascular disease events over the median follow-up of
4 years in the placebo group was 10%, so that even with
the most conservative assumptions—ie, assuming a
constant hazard rather than one increasing with age—
CARDS patients typically had a 10-year risk of a major
cardiovascular disease event of about 25%. Treatment
with atorvastatin 10 mg daily for 4 years in 1000 such
patients would prevent 37 ﬁrst major cardiovascular
events and 50 ﬁrst or subsequent such events. One major
ﬁrst cardiovascular event would be avoided for every
27 patients treated for 4 years. We have expressed these
measures of absolute beneﬁt at our median duration of
follow-up of 4 years. The absolute risk of cardiovascular
disease in patients with diabetes and no previous occlusive
disease in HPS was very similar to CARDS at 13·5% over
5 years in the placebo group. The HPS investigators
estimated that 5 years of simvastatin treatment would
prevent 30 major cardiovascular disease events in patients
with diabetes and no previous occlusive vascular disease.
Extrapolation of the CARDS results to 5 years gives an
estimate of 46 events avoided for 5 years of treatment with
atorvastatin.
Current guidelines on lipid-lowering treatment for
primary prevention of cardiovascular disease in type 2
diabetes vary. The American Diabetes Association, the
Joint European Societies, and the National Cholesterol
Education Programme (NCEP) panel are now consistent
in recommending lipid-lowering treatment for the
primary prevention of cardiovascular disease in patients
with diabetes whose LDL-cholesterol is 3·35 mmol/L or
greater.19–21 For those with an LDL-cholesterol of
2·6–3·35 mmol/L these guidelines differ, with the Joint
European Societies recommending treatment, the NCEP
recommending treatment in most patients with diabetes
except when there is low risk, eg, because of young age,
and the American Diabetes Association refraining from
unequivocally recommending drug treatment for LDLcholesterol in this range. The targets for patients on
treatment are 2·5–2·6 mmol/L in all three guidelines.19–21
With respect to these guidelines, some key aspects of
CARDS included that at study entry, two-thirds of patients
had LDL-cholesterol at or below the American Diabetes
Association treatment threshold level of 3·35 mmol/L.
Indeed, at entry a quarter of individuals already had LDLcholesterol at or below the current American Diabetes
Association and Joint European Societies guideline target
level. During the treatment phase, 75% of patients
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allocated to atorvastatin 10 mg achieved a concentration at
or below the current European target of 2·5 mmol/L. The
median LDL-cholesterol on atorvastatin was just
2 mmol/L and 25% had a concentration less than
1·7 mmol/L. Thus, much of the efﬁcacy and safety proﬁle
reported in CARDS relates to levels of starting and
achieved LDL-cholesterol below those speciﬁed in the
European Societies and American Diabetes Association
guidelines.
In July, 2004, the NCEP made a revision of the ATP
III guidelines recommending optional target
concentrations of LDL-cholesterol of 1·8 mmol/L in
patients with diabetes who have previous cardiovascular
disease.21 They refrained from making this
recommendation in individuals with diabetes without
previous cardiovascular disease or from clearly
recommending treatment initiation at an LDLcholesterol less than 2·6 mmol/L in such patients. One
of the reasons given for the differing recommendations
for primary and secondary prevention was that in HPS,
in patients with diabetes without previous
cardiovascular disease, whose baseline LDL-cholesterol
was less than 3 mmol/L, the 30% reduction of major
vascular events was of marginal signiﬁcance.14 We
contend that the issue here is not signiﬁcance of effects
but consistency of the size of treatment effect across
such subgroups in HPS and other trials. However, in
response to the NCEP concern about the marginal
signiﬁcance level in HPS for patients with a starting
LDL-cholesterol less than 3 mmol/L, we note that in
CARDS the risk reduction in such patients was
signiﬁcant at p=0·025. Since only 743 patients in
CARDS (26%) had a baseline LDL-cholesterol
concentration less than 2·6 mmol/L, we would not
expect a signiﬁcant result, but in a post-hoc analysis in
this small subgroup in CARDS the treatment effect is a
26% reduction in major cardiovascular events.
The data safety monitoring board paid particular
attention to data for patients with LDL-cholesterol less
than 1 mmol/L and did not note any concerns about
safety. Meta-analyses from the Cholesterol Treatment
Trialists’ Collaboration31 will include CARDS data and will
be important in showing unequivocally the safety of
achieving very low concentrations of LDL-cholesterol,
because analyses of efﬁcacy and safety in subgroups of
individual trials are based on few patients at such LDLcholesterol concentrations. Other analyses that might be
considered in meta-analyses include the treatment effect
in the context of concurrent treatments such as
metformin. One of the important issues that CARDS
cannot address is whether a higher dose of atorvastatin or
addition of other drugs such as a ﬁbrate or a selective
cholesterol absorption inhibitor, eg, ezetimibe, would
have achieved an even greater relative risk reduction. The
ACCORD trial (http://www.accordtrial.org) will assess the
potential additional beneﬁt of combination statin-ﬁbrate
treatment but will not report for several years. Future
www.thelancet.com Vol 364 August 21, 2004
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analyses of CARDS will include a cost-effectiveness
analysis.
In conclusion, CARDS shows that atorvastatin 10 mg
daily is safe and efﬁcacious in reducing the risk of ﬁrst
cardiovascular disease events, including stroke, in patients
with type 2 diabetes at the lower end of the cholesterol
distribution. The data challenge the use of a particular
threshold level of LDL-cholesterol as the sole arbiter of
which patients with type 2 diabetes should receive statin
treatment, as is the case in most of the current guidelines.
The absolute risk, determined by other risk factors in
addition to LDL-cholesterol, should drive the treatment
threshold considerations and safety considerations only
should drive target levels. The data suggest that the target
level of 2·5–2·6 mmol/L in current guidelines could be
lowered. The debate about whether all patients with type 2
diabetes warrant statin treatment should now focus on
whether any patients can reliably be identiﬁed as being at
sufﬁciently low risk for this safe and efﬁcacious treatment
to be withheld.
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Birmingham: U Martin; Synexus Limited, Birmingham: G S Jassel,
M Salman; Bolton Diabetes Centre: J Dean; Bottreaux Practice, Boscastle:
G D Garrod, C Jarvis; Royal Bournemouth: S Egan, D Kerr; St Alban’s
Medical Centre, Bournemouth: I Nelemans; Health Centre, Bradford on
Avon: J S Heffer; Frenchay, Bristol: C J Burns-Cox, V J Parﬁtt;
Addenbrookes, Cambridge: M J Brown; Synexus Limited, Cardiff:
C Godfrey, G L Newcombe; St Helier, Carshalton: J Barron; Aspire
Research Limited, Chesterﬁeld: M Blagden; Rowden Surgery,
Chippenham: R M C Gaunt; Porch Surgery, Corsham: A Cowie; Coventry
& Warwickshire: E Hillhouse; Bridge Medical Centre, Crawley:
A L Cooper; Pound Hill Surgery, Crawley: N W Jackson; Derby City:
R. Donnelly, A R Scott; Dewsbury District: T Kemp, C Rajeswaren;
St James’, Dublin: J Nolan; Dumfries & Galloway Royal: J R Lawrence;
St Michael’s, Dun Laoghaire: M J McKenna; Muirhead Medical Centre,
Dundee: B Kilgallon; Ninewells, Dundee: G P Leese, A D Morris;
Hairmyres, East Kilbride: S J Benbow, H Cohen, D Mathews; Edinburgh
Royal: V McAuley, J D Walker; Western General, Edinburgh:
J A McKnight; St Margaret’s, Epping: G B Ambepitiya; Epsom District:
C Speirs; Health Centre, Falmouth: A Rotheray, A Seaman, V L Wight;
River Practice, Fowey: A Middleton; Frome Medical Practice: T E Cahill;
Queen Elizabeth, Gateshead: A Syed, J Weaver; Medway Maritime,
Gillingham: I Scobie; Gartnaval General, Glasgow: M Small; Glasgow
Royal: J Gray, K R Paterson; Southern General, Glasgow: L Fraser,
S J Gallacher; Victoria Inﬁrmary, Glasgow: C M Kesson; Harrogate
District: P Hammond; Hartlepool General: G Hawthorne, J MacLeod; St
Thomas Surgery, Haverfordwest: R W G Thompson; Withybush General,
Haverfordwest: N Jowett; Princess Royal, Haywards Heath: T Wheatley;
Hemel Hempstead General: C Johnston; Hetton le Hole Medical Centre:
M Baldasera, P A Dobson; Hildenborough Medical Group: P Goozee;
Raigmore, Inverness: S MacRury; Townhead Surgery, Irvine: M F Doig,
D D McKeith; Leicester General: A C Burden, R Gregory; Synexus
Limited, Liverpool: J Robinson; Royal Liverpool & Broadgreen: J P Vora;
St John’s at Howden, Livingstone: R S Gray; Charing Cross, London:
C Leroux, M Seed; Hammersmith, London: A Dornhorst; North
Middlesex, London: H Tindall; Royal Free, London: M Press; Symons
Medical Centre, Maidenhead: R C F Symons; Hope, Manchester:
R Young; North Manchester Diabetes Centre: P Wiles; Synexus Limited,
Manchester: D Dev, J James; Trafford General, Manchester:
W P Stephens; Giffords Primary Care Centre, Melksham: C H Lennon;
Newcastle General: S Marshall, M W Stewart; Friarage, Northallerton:
R Fisken, A Waise; Queens Medical Centre, Nottingham: P I Mansell,
S Page; George Eliot, Nuneaton: V Patel; Southport & Ormskirk,
Ormskirk: J. Horsley, R S Oelbaum; Royal Oldham: D. Bhatnagar;
Churchill, Oxford: D Matthews, R. Spivey; Royal Alexandra, Paisley:
B M Fisher, J Hinnie; Alverton Practice, Penzance: J F Ryan; Cape
Cornwall Surgery, St. Just, Penzance: A Ellery, W Jago; Knowle House
Surgery, Plymouth: K Gillespie, T Hall; Woolwell Medical Centre,
Plymouth: C P Fletcher; Pontefract General: J Howell, C White; Royal
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Glamorgan, Pontypridd: M D Page; Queen Alexandra, Portsmouth:
K M Shaw; Synexus Limited, Reading: M Horne, M Thomson; St Cross,
Rugby: J P O’Hare; The Surgery, Ryde: E J Hughes; Brannel Surgery,
St Austell: J R Cecil; Salisbury District: P Mansell, N O’Connell; Saltash
Health Centre: R C Cook; Scunthorpe General: S Beer; Carterknowle &
Dore Medical Practice, Shefﬁeld: B King; Norwood Medical Centre,
Shefﬁeld: P Hardy; Southey Green Medical Centre, Shefﬁeld: N H Patel;
Royal Shrewsbury: A MacLeod; Chiltern International Limited, Slough:
M MacMahon, P Palmer; Brook Lane Surgery, Southampton: T M Tayler;
Royal South Hants, Southampton: B Leatherdale; Queensway Surgery,
Southend on Sea: D Sills; Lister, Stevenage: L J Borthwick; Royal, Stirling:
C J G Kelly, S B M Reith; Huthwaite Medical Centre, Sutton-in-Ashﬁeld:
P Smith, E Ulliott; John Pease Diabetes Centre, Sutton-in-Ashﬁeld:
R Lloyd-Mostyn, K Sands; Cwmfelin Medical Centre, Swansea: P J Davies;
St Helens Medical Centre, Swansea: P Cummings; Talybont Surgery,
Swansea: P A Edwards, R M Ferry (deceased), A H Jones; Jubilee Surgery,
Titchﬁeld: PWG Evans; Bradford Road Medical Centre, Trowbridge:
S C W Rowlands; Lovemead Group Practice, Trowbridge:
M J B Duckworth; Treliske, Truro: S Fleming; Grosvenor Medical Centre,
Tunbridge Wells: G J Charlwood; Pinderﬁelds General, Wakeﬁeld:
W Burr, D Nagi; The Avenue Surgery, Warminster: C H Browne,
K R Bullen; Watford General: M Clements; Sandwell District General,
West Bromwich: D A Robertson; Eastleigh Surgery, Westbury: R Edwards;
Weston-super-Mare General: C Dayan; Queen Elizabeth II, Welwyn
Garden City: P Winocour; Synexus Limited, Wigan: J Fraser; Wishaw
General: I A D O’Brien; New Cross, Wolverhampton: B M Singh;
Nottinghamshire Research Associates, Worksop: J A Fulton, L Millar,
S Warner; Maelor, Wrexham: J N Harvey; York District: P Jennings,
J Thow.
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