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Objectives: To evaluate the clinical effectiveness and
cost-effectiveness of statins for the primary and
secondary prevention of cardiovascular events in 
adults with, or at risk of, coronary heart 
disease (CHD). 
Data sources: Electronic databases were searched
between November 2003 and April 2004. 
Review methods: A review was undertaken to
identify and evaluate all literature relating to the clinical
and cost effectiveness of statins in the primary and
secondary prevention of CHD and cardiovascular
disease (CVD) in the UK. A Markov model was
developed to explore the costs and health outcomes
associated with a lifetime of statin treatment using a
UK NHS perspective. 
Results: Thirty-one randomised studies were identified
that compared a statin with placebo or with another
statin, and reported clinical outcomes. Meta-analysis of
the available data from the placebo-controlled studies
indicates that, in patients with, or at risk of, CVD, statin
therapy is associated with a reduced relative risk of all
cause mortality, cardiovascular mortality, CHD
mortality and fatal myocardial infarction (MI), but not of
fatal stroke. It is also associated with a reduced relative
risk of morbidity [non-fatal stroke, non-fatal MI,
transient ischaemic attack (TIA), unstable angina] and of
coronary revascularisation. It is hardly possible, on the
evidence available from the placebo-controlled trials, to
differentiate between the clinical efficacy of
atorvastatin, fluvastatin, pravastatin and simvastatin.
However, there is some evidence from direct
comparisons between statins to suggest that
atorvastatin may be more effective than pravastatin in
patients with symptomatic CHD. There is limited
evidence for the effectiveness of statins in different
subgroups. Statins are generally considered to be well
tolerated and to have a good safety profile. This view is
generally supported both by the evidence of the trials

included in this review and by postmarketing
surveillance data. Increases in creatine kinase and
myopathy have been reported, but rhabdomyolysis and
hepatotoxicity are rare. However, some patients may
receive lipid-lowering therapy for as long as 50 years,
and long-term safety over such a timespan remains
unknown. In secondary prevention of CHD, the
incremental cost-effectiveness ratios (ICERs) increase
with age varying between £10,000 and £17,000 per
quality adjusted life year (QALY) for ages 45 and 85
respectively. Sensitivity analyses show these results are
robust. In primary prevention of CHD there is
substantial variation in ICERs by age and risk. The
average ICERs weighted by risk range from £20,000 to
£27,500 for men and from £21,000 to £57,000 for
women. The results are sensitive to the cost of statins,
discount rates and the modelling time frame. In the
CVD analyses, which take into account the benefits of
statins on reductions in stroke and TIA events, the
average ICER weighted by risk level remains below
£20,000 at CHD risk levels down to 0.5%. Limitations
of the analyses include the requirement to extrapolate
well beyond the timeframe of the trial period, and to
extrapolate effectiveness results from higher risk
primary prevention populations to the treatment of
populations at much lower risk. Consequently, the
results for the lower age bands and lower risks are
subject to greater uncertainty and need to be treated
with caution. 
Conclusions: There is evidence to suggest that statin
therapy is associated with a statistically significant
reduction in the risk of primary and secondary
cardiovascular events. As the confidence intervals for
each outcome in each prevention category overlap, it is
not possible to differentiate, in terms of relative risk,
between the effectiveness of statins in primary and
secondary prevention. However, the absolute risk of
CHD death/non-fatal MI is higher, and the number
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needed to treat to avoid such an event is consequently
lower, in secondary than in primary prevention. The
generalisability of these results is limited by the
exclusion, in some studies, of patients who were
hypersensitive to, intolerant of, or known to be
unresponsive to, statins, or who were not adequately
compliant with study medication during a placebo 
run-in phase. Consequently, the treatment effect may
be reduced when statins are used in an unselected
population. The results of the economic modelling
show that statin therapy in secondary prevention is
likely to be considered cost-effective. In primary
prevention, the cost-effectiveness ratios are dependent

on the level of CHD risk and age, but the results for
the CVD analyses offer support for the more
aggressive treatment recommendation issued by recent
guidelines in UK. Evidence on clinical endpoints for
rosuvastatin is awaited from on-going trials. The
potential targeting of statins at low-risk populations is
however associated with major uncertainties,
particularly the likely uptake and long-term compliance
to lifelong medication by asymptomatic younger
patients. The targeting, assessment and monitoring of
low-risk patients in primary care would be a major
resource implication for the NHS. These areas require
further research.

Abstract
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Glossary and list of abbreviations

Glossary
Acute coronary syndrome Symptoms
compatible with acute myocardial ischaemia
(primarily unstable angina or MI).

Alopecia Hair loss.

Anaphylaxis A sudden, severe, potentially
fatal allergic reaction.

Angina pectoris Discomfort or pain resulting
from a reduction in the oxygen supply to the
heart muscle, most commonly caused by
atherosclerosis.

Angiodema Temporary, potentially life-
threatening, swelling, often due to allergy.

Anorexia Abnormal loss of appetite for food.

Aphasia Total or partial loss of the ability to
use or understand language.

Asthenia Weakness or loss of energy.

Atherosclerosis A condition in which fatty
deposits (atheromas) develop in the arteries;
these narrow the blood vessels and can rupture
to form a complete blockage resulting in heart
attack or stroke (depending on location).

Body mass index A measure of relative
weight, calculated by dividing an individual’s
weight in kilograms by their height in metres
squared (kg/m2).

Cardiovascular Pertaining to the heart and
blood vessels.

Cardiovascular disease A term generally
used to refer to all vascular disease caused by
atherosclerosis.

Cerebrovascular Pertaining to the blood
vessels of the brain.

Coronary arteries The arteries that supply
the heart muscle with blood.

Coronary heart disease Narrowing or
blockage of the coronary arteries that reduces
the blood supply to the heart, and potentially
causes angina or myocardial infarction. Also
known as coronary artery disease or ischaemic
heart disease.

Diabetes mellitus A disorder caused by
insufficient production of insulin by the
pancreas (type 1 diabetes) or by insensitivity to
the effects of insulin (type 2 diabetes).

Dysaesthesia Impairment of sense of touch.

Heterozygous Possessing two different forms
of a particular gene.

Homozygous Possessing two identical forms
of the same gene.

Hypercholesterolaemia High blood
cholesterol.

Hyperglycaemia High blood glucose.

Hyperlipidaemia High blood lipids.

Hypoaesthesia Impairment of sense of
touch.

Hypoglycaemia Low blood glucose.

Hypothyroidism A condition in which the
body lacks sufficient thyroid hormone.

Infarction Death of tissue following
interruption of the blood supply.

Intermittent claudication Pain in the calf or
buttock which is brought on by exercise and
relieved by rest.

Ischaemic heart disease Coronary heart
disease.

Technical terms and abbreviations are used throughout this report. The meaning is usually clear from
the context, but a glossary is provided for the non-specialist reader. In some cases, usage differs in the

literature, but the term has a constant meaning throughout this review.

continued
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Glossary and list of abbreviations

Glossary continued

Minimisation A method of randomly
allocating study subjects to treatment groups
which can take account of a greater number of
prognostic factors than is possible by
stratification.

Myalgia Diffuse muscle pain, tenderness and
weakness.

Myocardial infarction Permanent damage to
an area of heart muscle as a result of
interruption of the blood supply to the area
caused by narrowed or blocked blood vessels
(‘heart attack’).

Myopathy Muscle pain, tenderness or
weakness associated with abnormal elevations
in creatinine kinase levels (more than ten times
the upper limit of normal).

Myositis Inflammation of the muscles.

Paraesthesia An abnormal burning or
prickling sensation that is generally felt in the
hands, arms, legs or feet, but which may occur
in any part of the body. 

Peripheral arterial disease Obstruction of
the arteries carrying blood to the arms or,
more commonly, the legs, usually caused by
atherosclerosis.

Peripheral neuropathy Damage to the
peripheral nerves resulting in muscle weakness
and atrophy, pain and weakness.

Pleiotrophic Of a drug: acting in the body in
more than one way, which combine to result in
its clinical effects.

Polyneuropathy Generalised disorder of the
peripheral nerves.

Porphyria Disorder of porphyrin metabolism.

Premature death Death before the age of
75 years.

Primary cardiac arrest Cardiac arrest that
results from heart disease, and is not secondary
to trauma, respiratory failure, renal failure or
other non-cardiac causes.

Primary prevention Activity intended to
delay or prevent the onset of a disease.

Pruritus Itching skin.

Revascularisation The restoration of blood
supply, either pharmacologically or surgically.

Rhabdomyolysis A syndrome resulting from
destruction of skeletal muscle resulting in
myoglobinuria, muscle weakness, pain, swelling
and cramps. Serious complications of
rhabdomyolysis include acute renal failure,
ischaemia, disseminated intravascular
coagulation and respiratory failure.

Rose Angina Questionnaire A questionnaire
developed to identify, in a standard way, the
characteristic symptom complex known as
angina, and which has been validated by
comparison with clinical diagnosis.

Secondary prevention Activity intended to
delay the recurrence of, or prevent mortality
from, a disease.

Stable angina Angina that occurs during
exercise or emotional stress, and which is
relieved by medication with nitrates.

Stratification A method of randomly
allocating study subjects to treatment groups
which achieves balance for one or two
prognostic variables (such as disease status) by
randomising each prognostic subgroup
separately.

Stroke The sudden death of some brain cells
when the blood supply to the brain is impaired
by the blockage or rupture of an artery.

Thrombocytopenia Decrease in the number
of platelets in the blood, which may result in
easy bruising and excessive bleeding.

Transient ischaemic attack Temporary
disturbance of the blood supply to a restricted
area of the brain, causing neurological
dysfunctions lasting for less than 24 hours.

Unstable angina A spectrum of clinical states
including angina that occurs at rest, new-onset
angina (within 2 months of onset), increasing
angina (e.g. angina that occurs with increasing
frequency, for longer duration or at lower
thresholds), variant angina (ST-segment
elevation) and angina occurring more than
24 hours post-myocardial infarction. Unstable
angina typically, although not always, indicates
significant coronary artery disease.
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List of abbreviations
4S Scandinavian Simvastatin

Survival Study

ACE angiotensin-converting enzyme

ACS acute coronary syndrome

AE adverse event

AHA American Heart Association

AMI acute myocardial infarction

BCHDR Bromley Coronary Heart
Disease Register

BMI body mass index

BNF British National Formulary

CABG coronary artery bypass graft

CAD coronary artery disease

CCTR Cochrane Central Register of
Controlled Trials

CDSR Cochrane Database of
Systematic Reviews

CEAC cost-effectiveness acceptability
curve

CHD coronary heart disease

CI confidence interval

CK creatine kinase

CRP C-reactive protein

CSM Committee on Safety of
Medicines

CVD cardiovascular disease

DARE Database of Abstracts of Reviews
of Effectiveness

EQ-5D EuroQol 5 Dimensions

FDA Food and Drug Administration

GPRD General Practitioner Research
Database

HDL-C high-density lipoprotein
cholesterol

HMG CoA 3-hydroxy-3-methylglutaryl
coenzyme A

HPS Heart Protection Study

HRQoL health-related quality of life

HSE Health Survey for England

ICER incremental cost-effectiveness
ratio

ITT intention-to-treat

LDL-C low-density lipoprotein
cholesterol

LIPID Long-Term Intervention with
Pravastatin in Ischaemic Disease 

LYG life-year gained

LYS life-years saved

MI myocardial infarction

MINAP Myocardial Infarction National
Audit Project

NA not applicable

NCEP National Cholesterol Education
Program

NHAR Nottingham Heart Attack
Register

NHS EED NHS Economic Evaluation
Database

NICE National Institute for Health
and Clinical Excellence

NNT number needed to treat

NR not reported

NSF National Service Framework

ONS Office for National Statistics

OTC over-the-counter

PAD peripheral arterial disease

PCI percutaneous coronary
intervention

PCT primary care trust

PTCA percutaneous transluminal
coronary angioplasty

PSA probabilistic sensitivity analysis

QALY quality-adjusted life-year

RCT randomised controlled trial

RR relative risk

SAE serious adverse event

continued
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Glossary and list of abbreviations

List of abbreviations continued

ScHARR School of Health and Related
Research

SD standard deviation

SE standard error

SLSR South London Stroke Register

TC total cholesterol

TIA transient ischaemic attack

WOSCOPS West of Scotland Coronary
Prevention Study

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS), or 
it has been used only once, or it is a non-standard abbreviation used only in figures/tables/appendices in which case 
the abbreviation is defined in the figure legend or at the end of the table.
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Objective
This study evaluated the use of a group of statins,
atorvastatin, fluvastatin, pravastatin, rosuvastatin
and simvastatin, for the prevention of
cardiovascular events. 

Epidemiology and background
Cardiovascular disease (CVD) is one of the major
causes of premature death in the UK, accounting
for 35% of premature deaths in men and 27% in
women. It is also a significant cause of morbidity.

The three major manifestations of CVD are:

● coronary heart disease (CHD), including
myocardial infarction (MI, heart attack) and
angina

● cerebrovascular disease [transient ischaemic
attack (TIA) and stroke]

● peripheral arterial disease (obstruction of the
arteries carrying blood to the legs or, less
commonly, the arms).

Several risk factors for CHD have been identified;
these include hyperlipidaemia. Some of these risk
factors (e.g. smoking, obesity and hypertension)
can be modified, treated or controlled. Others
(e.g. age, gender and ethnicity) cannot. CHD risk
can be reduced by cholesterol lowering, changes in
lifestyle, such as smoking cessation, exercise and
the use of cholesterol-lowering diets, along with
non-cholesterol drug treatments, including aspirin
and antihypertensives. The cost-effectiveness of
statins must be seen in the context of these other
interventions.

Methods
A review was undertaken to identify all literature
relating to the clinical effectiveness of statins for
the prevention of coronary events, as well as to
identify and evaluate studies exploring the cost-
effectiveness of statins in primary and secondary
prevention of CHD and CVD in the UK.
Electronic literature searches were conducted
between November 2003 and April 2004.

A Markov model was developed to explore the
costs and health outcomes associated with a
lifetime of statin treatment using a UK NHS
perspective. Data from UK epidemiological studies
were used to inform event rates, and were
combined with results from the meta-analysis of
RCT evidence on the effectiveness of statins to
model the relative risk reductions of event rates
for patients on statin therapy. Costs of health
states (first-year costs and subsequent year) were
based on a review of published evidence to obtain
the most recent and appropriate costs. The annual
cost of statins is a weighted average cost for statins
(weighted by the trial evidence), for different
statins at different dosage. Given that statins have a
good safety profile, and adverse events are rare,
costs of managing adverse events are not modelled.
Utility estimates for health states within the model
were identified by a literature review. The utility of
the general population is assumed to vary by age.
Input parameters were assigned probability
distributions to reflect their imprecision, and
Monte Carlo simulations were performed to
reproduce this uncertainty in the results. Results
were presented in terms of quality-adjusted life
years (QALYs) for both primary and secondary
prevention of CHD/CVD events. Costs were at
2004 prices and discount rates of 6% and 1.5%
applied to costs and health benefits, respectively. 

The basecase analysis considered the cost-
effectiveness of statins for a population with CHD
or at risk of CHD, taking into account CHD
outcomes only. This complied with the scope
specifically requested by the Department of Health
to consider only coronary heart disease. Two
further scenarios were explored to take into
account the growing evidence on the impact of
statins on reducing stroke events. Scenario 1 was
as the basecase but also took into account the
potential of statins to reduce stroke events in
patients with a history of CHD. Scenario 2
explored the costs and benefits associated with
statin treatment in reducing CVD events for
patients with or at risk of CVD, with all patients
entering the treatment arm of the model assumed
to receive benefits associated with statin treatment.

Given that current trials of rosuvastatin report
only on the intermediate end-point of cholesterol
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lowering and there is currently no direct trial
evidence of the effect of rosuvastatin on morbidity
and mortality, the ScHARR model was also
adapted to calculate the risk of CHD (morbidity
and mortality) using a Framingham risk equation.
There were, however, several issues concerning the
robustness of estimation of cost-effectiveness when
using Framingham equations to model the link
between cholesterol lowering and CHD risk, which
are discussed in detail within the report.

Results
Number and quality of studies, and
direction of evidence
Thirty-one randomised studies were identified that
compared a statin with placebo or with another
statin, and that reported clinical outcomes. Meta-
analysis of the available data from the placebo-
controlled studies indicates that, in patients with,
or at risk of, CVD, statin therapy is associated with
a reduced relative risk of all-cause mortality,
cardiovascular mortality, CHD mortality and fatal
MI, but not of fatal stroke. It is also associated with
a reduced relative risk of morbidity (non-fatal
stroke, non-fatal MI, TIA, unstable angina) and of
coronary revascularisation. It is hardly possible, on
the evidence available from the placebo-controlled
trials, to differentiate between the clinical efficacy
of atorvastatin, fluvastatin, pravastatin and
simvastatin. However, there is some evidence from
direct comparisons between statins to suggest that
atorvastatin may be more effective than
pravastatin in patients with symptomatic CHD.

There is no evidence from randomised controlled
trials (RCTs) for the effectiveness of the 10-mg
over-the-counter dose of simvastatin in preventing
clinical events.

No relevant studies of rosuvastatin were identified
that reported clinical outcomes. Thus, although
there is RCT evidence to suggest that rosuvastatin
is more effective than atorvastatin, pravastatin and
simvastatin in reducing both total and low-density
lipoprotein cholesterol, it is not possible to prove
that these reductions translate into comparable
reductions in clinical events. 

There is limited evidence for the effectiveness of
statins in different subgroups. There is no
evidence that statins differ in their effectiveness,
measured in terms of relative risk reduction, in
primary compared with secondary prevention, in
women compared with men at a similar level of
cardiovascular risk, in people with diabetes

compared with those without, or in people aged
65 and over compared with those younger than
65. In renal transplant patients, statin therapy is
associated with a reduced risk of CHD death or
non-fatal MI. However, no benefit has been
demonstrated in cardiac transplant patients. For
ethical reasons, no placebo-controlled trials have
been carried out in patients with familial
hypercholesterolaemia. The only randomised trial
in this group compared two statins, and found no
significant difference between them. People from
the Indian subcontinent are known to be at
increased risk of CVD. However, no placebo-
controlled studies were found that studied the
clinical effectiveness of statins in this population.

Safety
Although concerns have been raised about
rosuvastatin, statins are generally considered to be
well tolerated and to have a good safety profile.
This view is generally supported both by the
evidence of the trials included in this review and
by postmarketing surveillance data. Although
increases in creatine kinase and myopathy have
been reported, rhabdomyolysis and hepatotoxicity
are rare. However, some patients may receive
lipid-lowering therapy for as long as 50 years, and
long-term safety over such a timespan remains
unproven.

Summary of cost-effectiveness evidence
Review of existing cost-effectiveness literature
The literature searches identified 206 potentially
relevant publications. Of these only five UK
studies satisfied all inclusion and exclusion criteria
and formed the basis of the review. These studies
were assessed for quality using components of the
BMJ and Eddy checklists. All scored well on
modelling methodologies and presentation of
results. 

All five UK studies reported on cost per life-year
gained (LYG), rather than cost per QALY. Four of
the five studies had results below £30,000 in
primary prevention treatment, varying between
£8000 and £30,000 depending on baseline risk.
One study estimated cost-effectiveness at
£136,000, which appears anomalous compared
with the other studies. Cost-effectiveness in
secondary treatment was estimated in two studies
and ranged from £6000 to £40,000. 

As part of their industry submissions to the
National Institute for Health and Clinical
Excellence, Pfizer, Novartis, Bristol-Myers Squibb
and AstraZeneca presented cost-effectiveness
models. These were critiqued using the combined
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BMJ and Eddy framework. Of the four models
submitted, two (Pfizer and AstraZeneca) used the
surrogate end-point of cholesterol lowering for
predicting reductions in clinical end-points and
two (Novartis and Bristol-Myers Squibb) used trial
evidence on reductions in clinical end-points. The
time-horizon in the four models varied between 
5 years and lifetime. Overall, taking into account
the differences in techniques and objectives, the
results from all four models could be considered to
be of a similar order of magnitude. The estimated
cost per QALY for both secondary and primary
prevention is typically below £10,000. The most
significant difference between the model results is
the secondary prevention results from the
AstraZeneca model, which are markedly higher
than the other evaluations. In this model,
treatment is reported to be less cost-effective in
secondary prevention than in primary prevention.
The within-trial economic analysis of simvastatin
by Merck Sharp & Dohme produced results in
secondary prevention of a similar magnitude to
the Novartis and Pfizer evaluations. 

Base-case analysis
The cost-effectiveness of statins depends on the
CHD risk in the population treated and the age
and gender of the population under consideration.
Cost-effectiveness results were presented for men
and women aged 45–85 years in 10-year age bands.

In secondary prevention the cost per QALY was
estimated to vary between around £10,000 and
£17,000 between the ages of 45 and 85, with
incremental cost-effectiveness ratios (ICERs)
increasing with age, but with little difference
between genders. These results are sensitive to the
modelling time-frame and to the discount rates.
The results of probabilistic sensitivity analysis
showed that, using a threshold of £20,000 per
QALY, statin therapy was cost-effective for all
patients with a history of CHD. 

In primary prevention the estimated ICERs varied
according to risk level and age. This rose from
around £20,000 to £28,000 for men between 
3 and 0.5% CHD risk, and between £21,000 
and £57,000 for women. There was significant
variation with age within risk levels. At an annual
CHD risk of 3%, the estimated cost per QALY
ranged from £10,000 to £37,000 for men and
from £14,000 to £48,000 for women between the
ages of 45 and 85. At the age of 85 years the
estimated cost per QALY rose from £37,000 and
£48,000 for men and women, respectively, at 3%
CHD risk, to around £105,000 and £111,000 for
men and women at 0.5% CHD risk.

Alternative scenarios
Alternative scenarios also considered the cost-
effectiveness in statins in the wider context of CVD
risk and outcomes. For scenario 1 (CHD analysis
with CVD outcomes) the ICERs were similar to the
base-case results (CHD analysis). For scenario 2
(CVD analysis) the ICERs were substantially lower
than the base-case results owing to the additional
impact of statin treatment on reducing stroke and
TIA events for all patients. 

Conclusions
The cost-effectiveness modelling presented here
has shown that statin therapy in secondary
prevention is likely to be considered cost-effective
when compared with other current standard
treatments available to the NHS. In primary
prevention, the cost-effectiveness ratios are
dependent on the level of CHD risk and age, 
but the results, for the CVD analysis in particular,
offer support for the more aggressive treatment
recommendation issued by recent guidelines in UK.

Limitations of cost–utility estimates
One of the major limitations of the analyses is the
requirement to extrapolate well beyond the time-
frame of the trial period. This period of
extrapolation will be longer for younger patients
and therefore the results for the lower age bands
are subject to greater uncertainty. In addition, the
analyses for primary prevention extrapolated
effectiveness results from higher risk primary
prevention populations to the treatment of
populations at much lower risk, and have to be
viewed with caution. 

The analyses are sensitive to the cost of statin, and
the future cost of statins is a key unknown.
Therefore, the cost-effectiveness results will need
to be reviewed in the light of any significant
changes in the price of statins.

These analyses do not take into account the costs
of identifying and screening the relevant
population. In primary prevention, as the risk
threshold becomes lower the size of the
population eligible for treatment increases. The
number of patients who will require regular
monitoring will expand, placing additional
demands on staff and resources at GP surgeries. 

Evidence on clinical end-points for rosuvastatin is
awaited. Modelling clinical outcome on cholesterol
lowering inherently favours drugs that are more
potent at lowering cholesterol. In the absence of
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strong and conclusive evidence on the exact
relationship between cholesterol lowering and
clinical end-points, cost-effectiveness results for
rosuvastatin are subject to additional uncertainty. 

The role of statins must be seen in the context of
other interventions to reduce CHD risk, including
smoking cessation, exercise and the use of diet, as
well a range of drug treatments, such as
antihypertensives, �-blockers and aspirin. Use of
other interventions prior to statin prescribing to
reduce CHD risk potentially has the effect of
reducing an individual's risk to levels below which
they would become eligible for statin treatment. A
comparison of statins with alternative interventions
to reduce CHD risk has not been addressed here.

Generalisability of the findings
The generalisability of the findings is limited by the
exclusion, in some studies, of patients who were
hypersensitive to or intolerant of statins, who were
known to be unresponsive to statins, or who were
not adequately compliant with study medication
during a placebo run-in phase. A considerable
proportion of patients with or at risk of CHD may
have been excluded in this way. Consequently, the
treatment effect may be reduced when statins are
used in an unselected population.

There is a major question regarding the
generalisability of the results of RCT evidence to
routine clinical practice and the effectiveness of

statins here could well be lower than suggested by
the trials, particularly because of issues such as
compliance and continuance. However, sensitivity
analysis on compliance and continuance
assumptions shows that the impact on cost-
effectiveness results is not likely to be significant. 

Recommendations for further
research
Additional high-quality evidence on quality of life
and compliance and continuance for patients on
statins is required.

Large outcome studies at lower CHD/CVD risk
thresholds would be useful to determine whether
the relative risk reduction figures remain valid at
lower risk levels and to determine the extent to
which potential disutility due to statins may
become an issue as treatment is extended to a vast
proportion of the ‘well’ population.

Future service implementation research is
important, particularly on effective policies for
targeting low-risk populations. Research on the
attitudes of low-risk patients and relatively healthy
45-year-olds to taking lifetime medication is
required, along with research into the optimal
methods of explaining risks and benefits of
treatment to patients so that they can make
informed choices. 



The overall aim of this review is to evaluate the
clinical effectiveness and cost-effectiveness of

statins for the primary and secondary prevention

of cardiovascular events in adults with, or at risk
of, coronary heart disease (CHD).
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Description of underlying health
problem
Cardiovascular disease (CVD) – disease of the
heart and blood vessels – has three major
manifestations: 

● CHD
● transient ischaemic attack (TIA) and stroke
● peripheral arterial disease (PAD).

CVD is the main cause of death in the UK. It
accounted for nearly 238,000 deaths in 2002;
about half of these were from CHD, and about a
quarter from stroke. More importantly, CVD is one
of the main causes of premature death (death in
people aged under 75). In 2002, it caused over
67,000 premature deaths in the UK, accounting
for 35% of premature deaths in men and 27% in
women.1 CVD is also a significant cause of
morbidity.

CHD
CHD [also known as coronary artery disease
(CAD) or ischaemic heart disease] is caused by the
narrowing of the arteries that supply the heart, as
a result of a gradual build-up of fatty material
called atheroma. This can cause angina and
myocardial infarction (MI; heart attack) as well as
other forms of chronic heart disease.

MI is defined as permanent damage to an area of
heart muscle as a result of interruption to the
blood supply to the area caused by narrowed or
blocked blood vessels. An MI usually causes severe
pain in the centre of the chest, lasting for more
than 30 minutes. This pain may spread to arms,
neck, jaw, back or stomach. However, some MIs
are ‘silent’ and produce little discomfort. 

Angina is pain or discomfort in the chest or
neighbouring parts of the body which is usually
caused by a shortage of oxygen reaching the heart
as a result of the narrowing of the coronary
arteries. Stable angina occurs when the arteries are
narrowed by stable fibrotic lesions.2 It is triggered
by exercise, emotion or extremes of temperature,
and is normally relieved by rest, nitroglycerine or
both. Unstable angina occurs when unstable
plaques develop, which are prone to rupture or
erosion.2 It is characterised by symptoms of
increased severity (in terms of ease of onset,
duration, intensity, frequency or decreased
responsiveness to medication), and may persist
while the patient is at rest and emotional ease.
Patients whose pain is accompanied by ST- and 
T-wave abnormalities, or who have lengthy
episodes of pain at rest, are at increased risk of
acute myocardial infarction (AMI) and death.3

Prevalence of disease
The prevalence of treated CHD rises with age.
Overall, it has been estimated that 4.2% of men
and 3.2% of women in England and Wales have
treated CHD, but this figure rises from 0.01% of
men and women aged under 35 years to over 20%
of men and over 16% of women aged 75 years and
over (Table 1).

Within England and Wales, the prevalence of
treated CHD varies: the age-standardised rates for
men and women alike are highest in Wales, the
North West and Northern and Yorkshire regions,
and lowest in North and South Thames. In both
men and women, the prevalence of treated CHD
rises with increasing deprivation.4

The prevalence of CHD also varies substantially by
ethnic group. The prevalence of angina and MI is
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TABLE 1 Prevalence of treated CHD (%), England and Wales, 19984

Age (years)

Gender 0–34 35–44 45–54 55–64 65–74 75–84 ��85 All ages

Men 0.01 0.49 3.02 9.45 18.40 23.05 22.38 4.20
Women 0.01 0.07 1.30 4.93 11.15 16.66 17.41 3.24



particularly high in those from the Indian
subcontinent, and very low in those of Chinese
origin (Table 2).

In 2003, 3.8% of men and 1.7% of women in
England aged 16 years and over reported having
had a heart attack at some time. The prevalence
in both genders increased with age, more than
10% of men aged 65 and over reported having

had a heart attack. In 2003, 2.5% of men and
2.0% of women in England aged 16 and over
reported currently having angina; again, the
prevalence in both genders increased with age. In
the younger age groups, the proportion reporting
current angina was lower than the proportion who
were Rose Angina Questionnaire positive for
angina; however, people aged 65 and over
reported having angina more frequently than they
reported angina symptoms (Table 3).6

Incidence of primary CHD
The incidence of CHD is available from the
Bromley Coronary Heart Disease Register
(BCHDR).7 All incident presentations of CHD
were registered for Bromley Health District in
South-East London (population of 186,053; men
and women aged 25–74 years) for the period
1996–1998. The incidence of primary CHD
events was reported as being 414 per 100,000
population per year in men and 147 per 100,000
population per year in women. Incidence rates
were greater in older people in both genders, and
at all ages were significantly higher in men than
in women (Table 4). 
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TABLE 2 Prevalence of angina and MI in England, 1999 
(age-standardised percentages)5

Angina MI

Ethnic group Men Women Men Women

Black Caribbean 1.7 4.3 0.6 1.0
Indian 6.8 3.7 4.0 0.6
Pakistani 6.7 4.9 6.0 2.9
Bangladeshi 9.9 4.3 7.1 0.4
Chinese 2.0 0.8 1.3 –
Irish 5.6 3.7 4.1 2.7
General population 5.3 3.9 4.2 1.8

TABLE 3 Percentage of population aged 16 and over reporting CHD outcomes, by age, England, 20036

Age (years)

Gender 16–24 25–34 35–44 45–54 55–64 65–74 >75 Total aged 
��16

Ever having suffered a heart attack
Men – – 0.8 2.2 6.7 12.1 15.7 3.8
Women – – 0.3 0.8 2.1 4.2 8.1 1.7

Currently having angina
Men – – 0.4 1.6 4.4 8.2 10.3 2.5
Women – – 0.1 1.1 2.8 4.7 9.4 2.0

Rose Angina Questionnaire positive for angina
Men 0.7 0.3 1.5 1.4 4.3 4.5 5.0 2.2
Women 1.1 0.9 1.2 2.0 3.5 4.0 5.2 2.3

TABLE 4 Age- and gender-specific incidence rates per 100,000 population of primary CHD events

Exertional angina Unstable angina AMI Sudden cardiac death

Age (years) Men Women Men Women Men Women Men Women

25–34 0 0 0 0 4 3 0 0
35–44 19 6 5 0 52 3 5 3
45–54 129 53 45 19 124 13 30 6
55–64 449 229 97 48 235 61 117 26
65–74 520 250 201 64 420 150 235 100

Source: Bromley Coronary Heart Disease Register.7



TIA and stroke
TIA has been defined as a focal neurological
deficit of sudden onset which lasts for less than
24 hours, is presumed to be of vascular origin, and
is confined to an area of the brain or eye perfused
by a specific artery.8 In a substantial majority of
cases, the symptoms last for less than 10 minutes.9

Diagnosis is problematic because it is generally
dependent on the patient’s recollections, and also
because the symptoms may be difficult to
distinguish from those due to non-ischaemic
causes such as migraine.10

Data from the General Practitioner Research
Database (GPRD) for the years 1992–1996
indicate a mean annual age-adjusted UK
incidence of new TIA of 1.90 per 1000
population. The incidence varies geographically,
with the highest incidence (2.49 per 1000) in the
former Yorkshire health region and the lowest
(1.22 per 1000) in the Oxford region.11 These
figures suggest an annual UK incidence of over
100,000 new TIAs, a figure substantially in excess
of the Stroke Association’s estimate of between
30,000 and 40,000 TIAs per annum.12 Moreover,
the GPRD only records TIAs that come to medical
attention, and is therefore likely to underestimate
the true incidence of TIA: some patients do not
seek medical advice because of the transient
nature of their symptoms.

Stroke can be defined as neurological deficit of
acute onset which leads to death or lasts for more
than 24 hours, and which results from cerebral
infarction or haemorrhage. There are two major
types of stroke, with different pathophysiological
mechanisms: ischaemic (occlusive or
thromboembolic) stroke caused by cerebral
infarction, and haemorrhagic stroke.13

Approximately 80% of strokes in westernised
countries are ischaemic strokes.14 Haemorrhagic
stroke is more often fatal than ischaemic stroke.13

Observational studies suggest that lower
cholesterol levels are associated with increased
risks of haemorrhagic strokes; this association
could be causal, or could be due to confounding
by other factors such as alcohol intake.14

There are approximately 100,000 new cases of
stroke per year in England and Wales.11 Data from
the GPRD for the years 1992–1996 indicate a
mean annual age-adjusted UK incidence of new
ischaemic stroke of 1.51 per 1000 population. This
is supported by a prospective study carried out in
Oxfordshire in the 1980s which found a crude
annual incidence of clinically apparent first ever
stroke of 1.60 per 1000 population [95%

confidence interval (CI) 1.48 to 1.72] (2.00 per
1000 when adjusted by age and gender to the
1981 population of England and Wales).15 For
further details, see Table 5.

Similarly, a community-based study carried out in
East Lancashire in 1994/95 found an incidence of
first ever stroke of 1.60 per 1000, adjusted for the
England and Wales 1991 census population (1.26
per 1000 in men and 1.83 in women).16 When
adjusted to the 1981 census population for
England and Wales, the incidence of first ever
stroke was 1.43 per 1000 (1.21 per 1000 in men
and 1.62 in women). When recurrent strokes were
included, the total annual age- and gender-
adjusted stroke incidence rate rose to 2.33 per
1000 population (2.08 per 1000 for men and 2.56
for women).16

As with TIA, the incidence of stroke varies
geographically, the highest incidence (1.94 per
1000) again being in the former Yorkshire health
region, and the lowest (1.15 per 1000) in the
Oxford region.11 In both men and women, the
prevalence of stroke rises with increasing
deprivation.4 The prevalence of stroke also varies
by ethnic group, being particularly high in men of
black Caribbean origin (Table 6).
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TABLE 5 Annual incidence rates per 1000 population for first
ever stroke, by age and gender, Oxfordshire 1981–198615

Age (year) Male Female Total

0–14 0.03 0.03 0.03
15–24 0.02 0.10 0.06
25–34 0.05 0.12 0.08
35–44 0.26 0.20 0.23
45–54 0.67 0.46 0.57
55–64 3.47 2.35 2.91
65–74 8.11 5.84 6.90
75–84 15.87 13.39 14.34
≥ 85 18.42 20.36 19.87

Total 1.50 1.71 1.60

TABLE 6 Prevalence of stroke in England, 1999, by ethnic
group (age-standardised percentages)17

Ethnic group Men Women

Black Caribbean 3.8 1.5
Indian 3.3 1.4
Pakistani 1.9 1.9
Bangladeshi 2.6 1.4
Chinese 1.9 0.6
Irish 2.0 2.3
General population 2.3 2.1



The South London Stroke Register (SLSR), a
population-based register prospectively recording
first in a lifetime strokes only, found that the mean
age at first stroke was 73.9 years for white patients,
62.6 years for black patients and 66 years for
others (Asian, Bangladeshi, Chinese, Indian,
Pakistani and other). The age-adjusted incidence
rate ratio for men compared with women was 1.34
(95% CI 1.19 to 1.50, p < 0.001), and for black
people compared with white was 1.87 (95% CI
1.51 to 2.33, p < 0.001) in men and 2.65 (95% CI
2.09 to 3.34, p < 0.001) in women.18

PAD
PAD is defined as obstruction of the arteries
carrying blood to the arms or, more commonly,
the legs; it is usually caused by atherosclerosis.

In the UK, approximately 20% of adults aged
65–74 years have evidence of PAD, although only
a quarter of these have symptoms.19 Non-invasive
testing has found a prevalence of symptomless
PAD of up to 25% in men over 50.20

The most common symptom of PAD is intermittent
claudication (pain in the calf or buttock brought
on by exercise and relieved by rest). Intermittent
claudication is two to five times more common in
men than in women, with a reported prevalence of
between 1 and 7% in men aged 50–75.20 The
prevalence increases in people with CHD risk
factors such as cigarette smoking, diabetes,
hypertension and hypercholesterolaemia.21

Aetiology, pathology and prognosis 
Several risk factors for cardiovascular disease have
been identified. These include: 

● hyperlipidaemia, including:
– hypercholesterolaemia [particularly high

levels of low-density lipoprotein cholesterol
(LDL-C)]

– familial hypercholesterolaemia 
– familial combined hyperlipidaemia

● hyperapobetalipoproteinaemia
● cigarette smoking
● hypertension 
● diabetes mellitus
● family history of premature CHD
● physical inactivity
● obesity
● male gender
● ethnicity
● increasing age.

Some of these factors (e.g. smoking, obesity and
hypertension) can be modified, treated or

controlled. Others (e.g. age, gender and ethnicity)
cannot.

Blood cholesterol and CHD risk
The average level of blood cholesterol within a
population is an important determinant of the CHD
risk of the population.22 However, although blood
cholesterol is an important risk factor for CHD, it
is by itself a relatively poor predictor of future
CHD events.23 It has been shown that, in British
men aged 40–59, there is considerable overlap
between the distribution of blood cholesterol
concentrations in those who subsequently go on to
suffer from CHD and the distribution in those
who do not.23 Consequently, other risk factors,
such as tobacco smoking, diabetes, physical
inactivity and obesity, need to be taken into
account when defining individual risk of CHD.23

Cholesterol lowering is therefore only one of a
number of methods of reducing the risk of CHD.
CHD risk can also be reduced by changes in
lifestyle, such as smoking cessation, exercise and
the use of cholesterol-lowering diets, along with
non-cholesterol drug treatments, including aspirin
and antihypertensives. The cost-effectiveness of
statins must be seen in the context of these other
interventions.

Significance in terms of ill-health
Mortality and morbidity
CHD
It has been estimated that CHD is the leading
single cause of disability in Europe, accounting for
9.7% of total disability-adjusted life-years. Since
the incidence of CHD in England and Wales is
relatively high, the proportion of disability
attributable to CHD is likely to be higher in those
countries than in the rest of Europe.24

In 2001, 105,895 deaths in England and Wales
(19% of all deaths) were attributed to CHD 
(Table 7); 36,936 (35%) of these deaths occurred in
people under the age of 75, accounting for 24% of
premature deaths in men and 14% in women.25

At all ages, death rates were higher in men than in
women. This phenomenon cannot be attributed to
the protective effects in women of endogenous
oestrogen, or to gender differences in smoking
rates, hypertension or mean cholesterol
concentrations, and it has been suggested that it
may be due to differences between men and
women in their intake of, and response to, dietary
fat.26 However, although women tend to
experience MI 10 years later than do men, their
risk of dying in the first 60 days following their
first MI is double that of men.27
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Within the UK, the premature death rate from
CHD is higher in manual workers than in non-
manual workers. It is also higher in South Asians
living in the UK (Indians, Bangladeshis, Pakistanis
and Sri Lankans) than in the population as a
whole.17

In 2000/01, the latest year for which figures are
available, 28,008 coronary artery bypass graft
(CABG) operations were undertaken in the UK;
2881 of these combined CABG with another
procedure.17 In 2001, 33,830 percutaneous
transluminal coronary angioplasties (PTCAs) were
performed in England and Wales.28

The cost of CHD to the healthcare system in the
UK was estimated at £1750 million in 1999. In
addition, production losses from death and illness
in those of working age and from the informal
care of people with the disease are substantial,
having been estimated to cost the UK economy
about £5300 million in 1999.17

Stroke and TIA
Stroke is the third leading cause of death in
industrialised countries, after CHD and cancer.13

In 2002, the latest year for which data are
available, 59,090 deaths in England and Wales
were attributed to stroke; 11,441 (19%) of these
deaths occurred in people under the age of 75,
accounting for 5.7% of premature deaths in men
and 6.9% in women.1

In industrialised countries, stroke is the leading
cause of long-term disability.13 It can cause
physical and cognitive impairment and aphasia,
and is associated with depression. The second
Auckland Stroke Study found that 36% of stroke
patients survived to 6 years. Of these survivors,
61% said they had not recovered completely from
their stroke, 23% were in institutional care,
compared with 8% of age- and gender-matched
controls, and 42% required assistance with basic

activities of daily living, compared with 18% of
controls.29

People who have suffered a TIA are at increased
risk of stroke. The Oxfordshire study found that
the mean annual risk of stroke in the first 5 years
following TIA was 5.9% (95% CI 4.3 to 7.5%); the
risk was highest, at 11.6%, in the first year.30

A recent reanalysis of data from the Oxfordshire
Community Stroke Project found a risk of stroke of
8.6% (95% CI 4.8 to 12.4) at 7 days and 12.0%
(95% CI 7.6 to 16.4) at 30 days after the patient’s
first ever TIA; if purely ocular TIAs were excluded,
the estimated risk of stroke at 30 days was
14.3%.31 These results are congruent with those of
the largest study of short-term prognosis following
TIA: this found that, in the 90-day period
following the TIA, 10.5% of patients (180/1707)
had a stroke, 2.6% (44/1707) were hospitalised
with a cardiovascular event, and 2.6% (45/1707)
died (almost half of these, 20/45, of stroke).
Factors associated with an increased risk of stroke
following TIA included age over 60, diabetes
mellitus, symptoms lasting for over 10 minutes,
and TIA accompanied by weakness or speech
impairment.32 It has been estimated that, without
treatment, a quarter of people having a TIA will
have a full-blown stroke within a few years.12

Patients who have suffered an AMI are also at
increased risk of ischaemic stroke. A retrospective
study in the USA and Puerto Rico found that
about 2.5% (2532/111,023) of patients aged 65
and over who were discharged from acute
hospitals with a principal diagnosis of AMI and
without a terminal illness suffered an ischaemic
stroke within 6 months of hospital discharge. The
risk was higher in those aged 75 and over than in
those aged under 75.33

PAD
In patients with intermittent claudication, the risk
of death, at 5–10% a year, is three to four times
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TABLE 7 Deaths attributed to CHD, England and Wales, 200125

No. (rate per 100,000 population per annum)

Age (years) 0–34 35–44 45–54 55–64 65–74 ��75 Total

Men 117 778 3,076 7,276 15,358 31,907 58,512
(1.0) (20.2) (90.4) (265.7) (750.0) (2,191.7) (230.8)

Women 24 167 641 2,166 7,333 37,052 47,383
(0.2) (4.3) (18.5) (77.0) (315.8) (1,481.5) (177.3)

Total 141 945 3,717 9,442 22,691 68,959 105,895
(0.6) (12.2) (54.1) (170.1) (519.3) (1,742.8) (203.3)



higher than that of an age- and gender-matched
population without claudication. The main causes
of death are coronary and cerebrovascular events.19

A Californian study found that, in people without
a history of CVD, those identified as having PAD
at baseline were at increased risk of death over a
10-year period relative to those without baseline
PAD. The increased risk was largely due to
increased mortality from CVD and CHD (Table 8).
The increase in risk remained after adjusting for
CVD risk factors such as cigarette smoking, systolic
blood pressure, high-density lipoprotein (HDL)
and LDL-C, triglycerides and body mass index
(BMI) (Table 9), suggesting that the presence of
PAD reflects a particular susceptibility to the
development of atherosclerosis.34

Many patients with claudication have severely
limited walking ability, and this adversely affects
their occupational, social and leisure activities.35

Some patients with intermittent claudication
develop more critical ischaemia (pain at rest,
ulceration or gangrene).20 However, the
proportion of patients with claudication who
require amputation as a result of critical ischaemia
is low (<1% a year).19

Quality of life
Various studies have addressed the impact of CVD
on quality of life. A North American study
compared quality of life 30 days, 6 months and
1 year after AMI in a randomly selected subgroup
of 2600 US patients and 400 Canadian patients

taking part in the GUSTO trial. At one year, 16%
of US patients reported that their general health
was worse than before their MI, and 22% reported
their physical capacity as worse; 13% reported
their emotional state as worse. Of those who
worked either for pay or in the home, 37%
reported a change in their work activities due to
their health. The median time before returning to
work was 58 days (25th to 75th percentile 30 to
100 days) in the USA, where the pattern of
treatment was more aggressive than in Canada,
where the median time was 81 days (25th to 75th
percentile 45 to 162 days).36

A Finnish study found that patients with CAD
reported significantly poorer quality of life in all
six dimensions of the Nottingham Health Profile
than age- and gender-matched controls. The most
obvious differences were seen in the dimensions of
energy, pain, emotional reactions, sleep and
physical mobility.37

A qualitative study was carried out in patients
admitted to a district general hospital in the north
of England with MI. At interview, 6 weeks after
discharge and before cardiac rehabilitation,
patients expressed concern about their symptoms,
and about the impact of those symptoms on their
ability to perform the activities of daily living.
Breathlessness had the most detrimental effect on
quality of life, because of the fears that it
provoked, and because it disturbed sleep, leaving
patients in a fragile physical and emotional state
the next morning. Fatigue was also a problem, and
many patients could not get through the day
without a rest. Chest pain had least effect on
quality of life, although it caused most worry.
Participants who lived alone reported isolation
and loneliness as they could not go shopping or
visit friends because they tired so easily.
Participants also reported feelings of depression
and irritability.38 This tallies with the findings of
the Finnish study, suggesting that CHD interferes
with a person’s whole life by limiting physical
mobility, disrupting sleep, and causing fatigue,
fear and depression.

Current service provision
In 2004, the Department of Health stated that 1.8
million people (over 2% of the population) were
currently receiving statin therapy.39

Data from the Myocardial Infarction National
Audit Project (MINAP) show that, in 2003, 82.6%
of patients were discharged from hospital on
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TABLE 8 Age-adjusted relative risk (RR) of death over a 
10-year period in individuals with PAD but without CVD at
baseline34

Cause of death Men Women

RR 95% CI RR 95% CI

All causes 3.1 1.5 to 6.4 2.7 1.2 to 6.0
CVD 3.9 1.5 to 10.4 5.7 1.4 to 23.2
CHD 5.1 1.5 to 16.8 1.9 0.2 to 18.5
Other causes 2.3 0.8 to 6.8 1.9 0.7 to 5.2

TABLE 9 Relative risk of death over a 10-year period in
individuals with PAD but without CVD at baseline, adjusted for
risk factors34

Cause of death RR 95% CI

All causes 3.1 1.8 to 5.3
CVD 6.3 2.6 to 15.0
CHD 4.3 1.4 to 12.8



statins after an MI. In 1.7% of the remaining
patients, statins were contraindicated or not
indicated, and in 7.9% they were not used; it is not
known whether they were used in the remaining
7.8%.1 However, many patients who would benefit
are currently untreated. A recent review of
cardiovascular and diabetes audits in the UK
concluded that less than half of patients with CHD
were on a statin or other lipid-lowering drug, and
a significant proportion of those were on
suboptimal doses.40

Current level of statin prescribing
The estimate of current statin prescribing is based
on data from the 2003 Prescription Cost Analysis
(PCA) data published on the Internet by the
Department of Health.41 PCA provides details of
the number of items and the net ingredient cost of
all prescriptions dispensed in the community in
England. PCA data are based on the therapeutic
grouping used in the British National Formulary
(BNF). The classification in the report accessed is
based on the September 2002 BNF (edition 44).
Prescribing data are presented here as the number
of tablets prescribed, for two reasons. First, the
number of prescription items in PCA data does
not represent packs of 28 tablets (the average
across all statins is 38.6 tablets per prescription
item). Secondly, the cost of these prescriptions

(Table 10) is based on the cost per tablet. Table 10
shows the number of tablets dispensed in 2003 for
each of the five statins. 

Before July 2004, statins were only available on
prescription. From July 2004, simvastatin (Zocor
Heart-Pro 10 mg daily) has been available over the
counter (OTC). The impact of this on the number
and type of patients receiving statins is not yet
known. For a fuller discussion of the issues raised
by OTC treatment see Chapter 6.

Current service cost
Prescribing of lipid-regulating drugs (largely
statins) has increased rapidly from the mid-1990s
from £93 million in 1996 to £571 million in
2002.42 The cost of prescribing statins in 2003 has
been estimated from the PCA data. Cost is
calculated by multiplying the number of tablets
prescribed (Table 10) by the cost per tablet. For
simvastatin, costs have been calculated for the
branded and generic treatments separately and
then aggregated. The price of statins is based on
BNF September 2004 data.43 The total prescribing
cost for all statins in England in 2003 was
approximately £640 million (Table 11). Adjusting
this cost to take into account the population of
Wales would imply a total cost for England and
Wales of approximately £675 million.
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TABLE 10 Number of statin prescriptions dispensed in England, 2003

No. of tablets (thousands)

Statin 10 mg 20 mg 40 mg 80 mg Drug total % of total

Atorvastatin (Lipitor) 206,246 90,512 35,739 5,471 337,969 37%
Fluvastatin (Lescol) 10,755 14,843 3,731 29,329 3%
Pravastatin (Lipostat) 19,401 29,678 46,085 95,163 10%
Rosuvastatin (Crestor) 8,249 1,335 406 9,990 1%
Simvastatin (Zocor + generics) 118,796 159,727 113,567 53,624 445,714 49%

Dosage total 352,692 292,007 210,639 62,827 918,165 100%

TABLE 11 Cost of statin prescribing in England, 2003

Cost (£,000)

Statin 10 mg 20 mg 40 mg 80 mg Total % of total
drug cost

Atorvastatin (Lipitor) £132,808 £95,975 £37,896 £5,801 £272,481 42.8%
Fluvastatin (Lescol) £4,886 £6,743 £2,132 £13,761 2.2%
Pravastatin (Lipostat) £11,211 £31,469 £48,866 £91,546 14.4%
Rosuvastatin (Crestor) £5,312 £1,416 £430 £7,158 1.1%
Simvastatin (Zocor + generics) £59,505 £115,446 £71,104 £6,033 £252,088 39.6%

Total by dosage £208,835 £249,191 £165,040 £13,966 £637,033 100.0%



Statin prescribing has increased dramatically in
recent years and this trend seems set to continue
in view of the published evidence and introduction
of national guidance (see below). The impact of
generic statins (simvastatin in May 2003 and
pravastatin in August 2004) on the NHS is difficult
to evaluate and quantify in the short term;
interpretation of prescribing data is subject to a
number of caveats at this stage.44

In October 2003, the Department of Health issued
a consultation letter addressing the significant
differences between reimbursement and
procurement price with respect to specified
generics, including simvastatin.45 Reimbursement
prices were reduced, but further consultation and
price adjustments were deemed necessary in 
July 2004 following a further fall in procurement
price.

Events following the introduction of generics
(including simvastatin) indicate that NHS prices
for such medication may take some time to fall 
to levels that are perceived as significant in terms
of budgetary impact. Owing to the complexity 
and changeable nature of these issues, a full
discussion concerning the impact of generic 
statins is beyond the scope of this report. 
However, a brief discussion of the impact of
generics on the NHS can be found in the section
‘NHS impact’ (p. 122).

Variation in services
Data from the Doctors’ Independent Network
(DIN) database indicated that, in 2001, only
56.3% of men and 41.1% of women with CHD
received a prescription for lipid-lowering drugs
(primarily statins); over 30% of those prescribed
statins were prescribed a dose that was unlikely to
achieve a mean reduction of 25% in total
cholesterol. Detailed analysis of data from 1998
indicated that statin prescribing was influenced by
age, with 45% of patients aged 35–64 receiving a
statin compared with 10% of those aged 75–84
and only 1% of those aged over 85. Statin use was
also strongly related to type of CHD: after
adjustment for other factors, revascularised
patients had an odds ratio of 3.92 for receiving
statins compared with those with angina. Patients
in deprived areas were less likely to receive statins
than those in thriving areas. However, after
adjusting for age, diagnosis and revascularisation,
men were not significantly more likely to receive a
statin than women.

Levels of statin prescribing differ widely between
general practices. In 2002 primary care trusts

(PCTs) in England showed a four-fold variation in
prescribing of lipid-regulating agents, from 180 to
730 items per 1000 patients.42

Description of intervention
Identification of patients and important
subgroups
Current Department of Health guidance
recommends that patients with established CHD
should receive statins and dietary advice to lower
serum cholesterol concentrations either to less
than 5 mmol l–1 (LDL-C to below 3 mmol l–1) or
by 25% (30% for LDL-C), whichever is greater. 
For primary prevention, drug intervention is
recommended in patients with an absolute risk 
of developing CHD of 30% or more over
10 years.46

Several scoring systems are currently available
which are designed to estimate an individual’s
CHD event risk, to aid the targeting of high-risk
patients in primary prevention. Most of these
scoring systems are derived from the Framingham
prediction equations. The limitations of these
equations are discussed in full in the section
‘Effectiveness of statin treatment’ p. 91. Moreover,
routine calculation of risk is hampered by poor
availability of data on risk factors, and there is a
need for more systematic collection of these data
in general practice. 

Recent guidelines from the British Hypertension
Society47 have recommended a move away from
CHD risk assessment towards CVD assessment.
This is stated to be in recognition of the fact that
in clinical practice both the patient and health
professional will not be interested in fatal and
non-fatal CHD alone, but in all CVD events,
including stroke. This is consistent with the new
Joint British Societies risk assessment charts and
computer program. The previous Joint British
Societies charts predicted the absolute 10-year
CHD risk, whereas the new charts predict 10-year
CVD risk (combined fatal and non-fatal stroke and
CHD). The previous charts had a high uptake rate
among health professionals and it is likely that the
new charts will also be widely implemented.

Criteria for treatment
The evidence base for current treatment criteria
has now been superseded by new trial evidence.
The revised British Hypertension Society
guidelines,47 issued in 2004, have followed an
international trend48 towards lower risk thresholds
and treatment targets.
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Intervention
Statins act to lower cholesterol by inhibiting 
3-hydroxy-3-methylglutaryl coenzyme A (HMG
CoA) reductase, an enzyme involved in cholesterol
synthesis, particularly in the liver.49 Inhibition of
HMG CoA reductase lowers LDL-C levels by
slowing down the production of cholesterol and
increasing the liver’s ability to remove the LDL-C
that is already in the blood.50 Because the body
makes more cholesterol at night than during the
day, it is recommended that some statins are taken
in the evening.50

Statins are used both for the secondary prevention
of coronary and cardiovascular events in patients
with CHD (including a history of angina or AMI),
peripheral arterial disease or a history of stroke,
and for primary prevention in patients who are at
increased risk of coronary events because of factors
such as smoking, hypertension and diabetes
mellitus. Although the benefits of treatment are
independent of the initial cholesterol
concentration, patients with elevated serum
cholesterol (total serum cholesterol 5 mmol l–1 or
greater) are likely to benefit most.49 It is
recommended that statins are used in conjunction
with lifestyle measures (diet, smoking cessation
and exercise) and other appropriate interventions
(e.g. adequate control of chronic conditions such
as hypertension and diabetes).

For both primary and secondary prevention of
CHD, it is recommended that statin treatment be
adjusted to achieve a total cholesterol concentration
of less than 5 mmol l–1 (or a reduction of 20–25%,
if this produces a lower concentration); the target
for LDL-C should be below 3 mmol l–1 (or a
reduction of about 30%, if lower).49

Because they affect the liver, statins are
contraindicated in patients with active liver disease
or persistently abnormal liver function tests, and
should be used with caution in patients with a
history of liver disease or a high alcohol intake.
Liver function tests should be carried out before
and within 1–3 months of starting therapy, and
thereafter 6-monthly for 1 year, unless signs or
symptoms suggestive of hepatotoxicity indicate
that they should be carried out sooner. Treatment
should be discontinued if serum transaminase
concentration rises to, and persists at, three times
the upper limit of the reference range.49

Statins are also contraindicated in pregnancy and
breast-feeding. Untreated hypothyroidism also
increases the risk of myositis with lipid-regulating
drugs. However, in patients with hypothyroidism,

adequate thyroid replacement therapy may itself
resolve any lipid abnormality.49

Side-effects of statins include myalgia, myositis,
myopathy and rhabdomyolysis (a very rare but
significant side-effect), headache, altered liver
function tests (rarely, hepatitis), paraesthesia, and
gastrointestinal effects including abdominal pain,
flatulence, diarrhoea, nausea and vomiting. Rash
and hypersensitivity reactions (including
angioedema and anaphylaxis) have been reported,
but are rare.49 Statins are carcinogenic in
laboratory animals at two to seven times the
plasma drug levels achieved with recommended
doses in humans.51

Statins interact with a number of other
medications. The risk of muscle toxicity increases
when statins are used concomitantly with fibrates
(e.g. gemfibrozil) or nicotinic acid (niacin) in lipid-
regulating doses, or with immunosuppressants
such as ciclosporin. With gemfibrozil, the risk is
increased to such an extent that gemfibrozil and
statins should not be used concomitantly. The
concomitant use of statins with other lipid-
lowering drugs (fibrates other than gemfibrozil,
ezetimibe or nicotinic acid in lipid-lowering doses)
should be undertaken with caution, and generally
under specialist supervision.49

In addition, because some statins (particularly
atorvastatin and simvastatin) are metabolised by
cytochrome P450 (CYP3A4), concomitant use of
potent inhibitors of this enzyme (e.g. ‘azole’
antifungal agents and HIV protease inhibitors)
may increase plasma levels of those statins and
thus increase the risk of side-effects such as
rhabdomyolysis. The risk of serious myopathy is
also increased when high doses of simvastatin are
combined with less potent CYP3A4 inhibitors,
including amiodarone, verapamil and diltiazem.
Moreover, it appears that the consumption of even
modest quantities of grapefruit juice can
significantly increase exposure to simvastatin, thus
increasing the risk of serious myopathy. Patients
taking atorvastatin should also avoid drinking
large quantities of grapefruit juice. These concerns
do not apply to fluvastatin, which is metabolised
by a different cytochrome P450 enzyme, or to
pravastatin and rosuvastatin, which are not
substantially metabolised by cytochrome P450.52

Five statins are currently licensed for use in the UK:

● atorvastatin
● fluvastatin
● pravastatin
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● rosuvastatin
● simvastatin.

Summary of product characteristics
Characteristics of the five statins licensed for use
in the UK are summarised in Table 12.

Atorvastatin
Atorvastatin is a synthetic statin. It is 
licensed in the UK for use as an adjunct to 
diet in primary hypercholesterolaemia, 
heterozygous familial hypercholesterolaemia,
homozygous familial hypercholesterolaemia, or 
combined (mixed) hyperlipidaemia in patients
who have not responded adequately to diet or
other non-pharmacological measures.53

The usual starting dose is 10 mg daily. This may
be increased at intervals of at least 4 weeks to a
maximum of 80 mg once daily (alternatively, 
in patients with heterozygous familial
hypercholesterolaemia, a maximum dose of 40 mg
may be combined with a bile acid sequestrant).53

Potential side-effects, in addition to those common
to all statins [see the section ‘Intervention’ (p. 11)],
include insomnia, dizziness, hypoaesthesia,
arthralgia, back pain and asthenia; uncommonly,
alopecia, amnesia, anorexia, malaise, muscle
cramps, thrombocytopenia and tinnitus; rarely,
peripheral neuropathy, pancreatitis and peripheral
oedema; and very rarely, erythema multiforme,
hypoglycaemia, hyperglycaemia, peripheral
neuropathy and Stevens–Johnson syndrome.53

Atorvastatin is marketed in the UK by Parke-Davis
as Lipitor®.53 Lipitor contains atorvastatin as
atorvastatin calcium trihydrate, and is available in
28-tab packs of 10-, 20-, 40- and 80-mg tablets at
a net price of £18.03 for the 10-mg dose and
£29.69 for the other three doses.49

Fluvastatin 
Fluvastatin is also a synthetic statin. It is licensed
in the UK for use:

● as an adjunct to diet in patients with primary
hypercholesterolaemia or mixed dyslipidaemia 

● in patients with primary hypercholesterolaemia
and concomitant CHD who do not respond
adequately to dietary control

● in patients with CHD for the secondary
prevention of coronary events after
percutaneous coronary intervention.54

For lipid lowering, the recommended starting dose
of fluvastatin is 40 mg daily in the evening.

However, in mild cases, 20 mg daily may be
sufficient. The dose may be increased to 80 mg
daily. Following percutaneous coronary intervention
(PCI), the recommended daily dose is 80 mg.54

Potential side-effects, in addition to those common
to all statins [see the section ‘Intervention’ (p. 11)],
include insomnia and, very rarely, dysaesthesia,
hypoesthesia, peripheral neuropathy, oedema,
angioedema, thrombocytopenia, vasculitis and
lupus erythematosus-like reactions.54

Fluvastatin is marketed in the UK by Novartis as
Lescol® and, in a modified-release form, as 
Lescol XL. Both contain fluvastatin as sodium salt.
Lescol is available as 20- and 40-mg capsules at a
cost of £12.72 per 28-cap pack or £25.44 for a 
56-cap pack of the 40-mg dose. Lescol XL is
available only as 80-mg tablets, at a cost of £16.00
for a 28-tab pack; it is therefore not appropriate
for initial dose titration.49

Pravastatin
Pravastatin is a natural statin found in fungi. It is
licensed in the UK for use:

● as an adjunct to diet in patients with primary
hypercholesterolaemia or mixed dyslipidaemia
who have not responded adequately to dietary
control and other non-pharmacological
treatments (e.g. exercise, weight reduction)

● as an adjunct to diet in patients with moderate
or severe hypercholesterolaemia and at high
risk of a first cardiovascular event

● as an adjunct to the correction of other risk
factors in patients with previous MI or unstable
angina, with either normal or raised cholesterol
levels 

● in patients receiving immunosuppressive
therapy following solid organ transplantation.55

Potential side-effects, in addition to those common
to all statins [see the section ‘Intervention’ (p. 11)],
include arthralgia and muscle cramps; rarely,
dizziness, sleep disturbance, insomnia, vision
disturbance, scalp/hair abnormality, abnormal
urination, sexual dysfunction and fatigue; and,
very rarely, peripheral perineuropathy and and
pancreatitis.55

Pravastatin is taken orally once daily, preferably 
in the evening, with or without food. The
recommended dose range for
hypercholesterolaemia is 10–40 mg daily. A
starting dose of 10 mg daily is recommended in
patients with moderate or severe renal impairment
or significant hepatic impairment. A starting dose
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of 20 mg daily is recommended for transplant
patients receiving immunosuppressive therapy.55

Pravastatin is marketed in the UK by Bristol-Myers
Squibb Pharmaceuticals as Lipostat®. Lipostat
contains pravastatin sodium, and is available in
28-tab packs of 10-, 20- and 40-mg tablets at a
price of £16.18 for the 10-mg dose and £29.69 for
the 20- and 40-mg doses.49

Pravastatin is also available as a generic
formulation in 28-tab packs of 10-, 20- and 40-mg
tablets. Prices vary depending on the costing
source and manufacturer:

● BNF-listed generic pravastatin: 10 mg = £15.76,
20 mg = £28.80, 40 mg = £29.0143

● Almus: 10 mg = £8.5, 20 mg =£13.75, 
40 mg = £21.6056

● Alpharma: 10 mg = £16.18, 20 mg = £29.69,
40 mg = £29.6956

● Ivax: 10 mg = £14.26, 20 mg = £26.72, 
40 mg = £28.20.56

Rosuvastatin
Rosuvastatin is a synthetic statin. It is licensed in
the UK for use:

● as an adjunct to diet in patients with primary
hypercholesterolaemia (type IIa, including
heterozygous familial hypercholesterolaemia) or
mixed dyslipidaemia (type IIb) when response
to diet and other non-pharmacological
treatments (e.g. exercise, weight reduction) is
inadequate

● in patients with homozygous familial
hypercholesterolaemia as an adjunct to diet and
other lipid-lowering treatments or if such
treatments are not appropriate.57

In addition to the contraindications common to all
statins, rosuvastatin is contraindicated in patients
with severe renal impairment and in those taking
ciclosporin. The 40-mg dose is contraindicated in
patients with predisposing factors for
myopathy/rhabdomyolysis (e.g. moderate renal
impairment, hypothyroidism, personal or family
history of hereditary muscular disorders, alcohol
abuse, Asian origin) and in those taking fibrates.57

Potential side-effects, in addition to those common
to all statins [see the section ‘Intervention’ (p. 11)],
include dizziness, asthenia, proteinuria and, rarely,
arthralgia.57

The recommended starting dose is 10 mg once
daily, increased if necessary after not less than

4 weeks to 20 mg once daily. Further increasing
the dose to 40 mg should only be considered in
patients with severe hypercholesterolaemia and
high cardiovascular risk (especially those with
familial hypercholesterolaemia); specialist
supervision is recommended. 

Rosuvastatin is marketed in the UK by
AstraZeneca as Crestor®, which contains
rosuvastatin calcium. It is available in 28-tab packs
of 10-, 20- and 40-mg tablets at a cost of £18.03
for the 10-mg dose and £29.69 for the 20-mg and
40-mg doses.49

Consultation has begun on the possibility of
licensing a 5-mg dose.58

Simvastatin
Simvastatin is a semisynthetic statin based on
lovastatin (a natural statin found in fungi). It is
licensed in the UK for use in:

● patients with primary hypercholesterolaemia or
mixed dyslipidaemia who have not responded
adequately to diet and other non-
pharmacological measures (e.g. exercise, weight
reduction)

● patients with homozygous familial
hypercholesterolaemia who have not responded
adequately to diet and other non-
pharmacological measures (e.g. exercise, weight
reduction)

● patients with manifest atherosclerotic
cardiovascular disease or diabetes mellitus, as
an adjunct to correction of other cardiovascular
risk factors and other cardioprotective
therapy.59

In addition to the contraindications common to all
statins, simvastatin is contraindicated in patients
taking potent CYP3A4 inhibitors.59

Potential side-effects, in addition to those common
to all statins [see the section ‘Intervention’ (p. 11)],
include, rarely, alopecia, anaemia, asthenia,
dizziness, peripheral neuropathy and muscle
cramps.59

Simvastatin is licensed for use in 5–80 mg daily
doses, given orally as a single dose in the evening.
The 80-mg dose is only recommended in patients
with severe hypercholesterolaemia and at high risk
of cardiovascular complications. The usual starting
dose is 10–20 mg daily. However, in patients who
require a large reduction in LDL-C, or who are at
high risk of CHD, the usual dose is 20–40 mg, and
in homozygous familial hypercholesterolaemia the
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recommended dose is 40 mg per day in the
evening, or 80 mg per day in three divided doses.
Adjustments to dose should be made at intervals
of not less than 4 weeks.59

However, the maximum dose is 10 mg daily in
patients taking ciclosporin, gemfibrozil, other
fibrates (except fenofibrate) or lipid-lowering
doses of niacin, and 20 mg daily in patients taking
the antiarrhythmic drug amiodarone or the
calcium-channel blocker verapamil.59

Simvastatin should not be taken concomitantly
with itraconazole, ketoconazole, HIV protease
inhibitors, erythromycin, clarithromycin,
telithromycin and nefadozone, or grapefruit juice.
Caution should be exercised when combining
simvastatin with ciclosporin, verapamil or
diltiazem.60

Simvastatin is now also available OTC at a dose of
10 mg per day for patients at moderate (10–15%)
10-year risk of a major coronary event. The risk
assessment model approved by the Medicines and
Healthcare Regulatory Authority for this purpose
suggests that individuals with the following
characteristics are likely to be at moderate risk of
an event:

● men aged 55 or more
● men aged 45–54 and postmenopausal women

over 55 who have one or more of the following
risk factors:
– smoking (currently or stopped in the past

5 years)
– family history of premature CHD (heart

attack or angina in a father or brother before
the age of 55, or in a mother or sister before
the age of 65)

– South Asian ethnicity (family originating
from, for example, India, Pakistan,
Bangladesh or Sri Lanka) 

– Overweight (BMI >25 kg/m2) or central
obesity (waist >102 cm in men, >88 cm in
women).61

Simvastatin is marketed in the UK by Merck Sharp
& Dohme (MSD) as Zocor®. Zocor is available in
28-tab packs of 10-, 20-, 40- and 80-mg tablets at
a cost of £18.03 for the 10-mg dose and £29.69
for the other three doses.49

Simvastatin is also available as a generic
formulation in 28-tab packs of 10-, 20- and 40-mg
tablets at a price of £5.78 for the 10-mg dose,
£7.80 for the 20-mg dose, £15.60 for the 40-mg
dose and £28.77 for the 80-mg dose.43

This report reviews the evidence for the five
licensed statins at all doses and in all populations
with or at risk of CVD. Because many statins are
used outside their licensed indications, this review
is not restricted to statins used in accordance with
the licensed indications detailed above. 

Personnel involved
GP and nurse time is required to provide high-
quality coronary prevention. Potential reduction in
the treatment threshold for statins will have
significant workload implications, in terms of
identifying patients, testing and prescribing. As the
number of patients on statins increases there will be
additional resources required for monitoring of
these patients. A recent survey of GPs reported that
current limitations to delivering better coronary
prevention were reported as lack of nurse and
doctor time, and other organisational issues
relating to buildings, staffing and use of
computers.62 These problems will be exacerbated as
more patients become eligible for statin treatment.

Length of treatment
There is evidence to suggest that the risk of a
coronary event in patients who stop taking statins,
or who change to an ineffective dose, is at least as
high as the risk in similar individuals who have
never taken statins.63 In theory, therefore, statin
therapy, once commenced, should be lifelong.
However, as with any long-term medication, there
are issues of compliance. These issues are discussed
in the section ‘Continuance and compliance’ (p. 60).
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Systematic review of evidence for
clinical effectiveness
Search strategy
The search aimed to identify all literature relating
to the clinical effectiveness of statins for the
prevention of coronary events. The main searches
were conducted between November 2003 and
April 2004. 

Sources searched
Nine electronic bibliographic databases were
searched: MEDLINE, EMBASE, Cochrane Database
of Systematic Reviews (CDSR), Cochrane Central
Register of Controlled Trials (CCTR), Database of
Abstracts of Reviews of Effectiveness (DARE),
Science Citation Index, NHS Economic Evaluation
Database (NHS EED), Health Technology
Assessment Database (NHS HTA) and CINAHL.
In addition, the reference lists of relevant articles
and sponsor submissions were handsearched.

Search terms
A copy of the MEDLINE search strategy is given
in Appendix 1. Search strategies for the other
databases are available on request.

Search restrictions
No language, study/publication or date restrictions
were applied to the main searches. 

Inclusion criteria
● Participants: adults (defined as age >18 years)

with, or at risk of, CHD 
● interventions: 

– atorvastatin
– fluvastatin
– pravastatin
– rosuvastatin
– simvastatin

● comparators: 
– placebo
– other statins
– ‘usual care’
– ‘no statin treatment’

● outcome measures:
– all-cause mortality
– cardiovascular mortality
– CHD mortality

– stroke mortality
– other cardiovascular events (e.g. non-fatal MI,

angina, surgical revascularisation, non-fatal
stroke)

– adverse events (including cancer and
trauma), when reported in studies that also
report relevant mortality, morbidity or quality
of life outcomes

– health-related quality of life (HRQoL)
– cost.
Data relating to surrogate end-points (such as
total cholesterol, LDL-C and HDL-C) were used
only where information on clinical end-points
was unavailable

● methodology:
– randomised controlled trials (RCTs) of at

least 6 months’ (defined as 26 weeks)
duration. Trials were accepted as RCTs if the
allocation of subjects to treatment groups was
described by the authors as either
randomised or double-blind.

Exclusion criteria
● Studies considered methodologically unsound
● studies of multi-interventional therapies where

the effect of the statin could not be separated
out.

Discussion of interventions
Studies using other interventions in addition to
statin therapy were included only if the treatment
received by the intervention and control groups
was identical in all respects other than the use of
statin therapy. 

Discussion of comparators
The original intention of this review was to
consider only studies in which statins were
compared with either placebo or other statins, and
this is the approach taken in the base-case
scenario. However, on expert clinical advice, and
because of the paucity of placebo-controlled
studies in relation to some statins and some
patient groups, studies in which the comparator
was ‘usual care’ or ‘no statin treatment’ were also
reviewed, and data from these studies were
included in secondary analyses. Again following
expert clinical advice, studies that compared two
doses of the same statin were also included. 
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It is evident that the nature of the comparator will
affect the nature of the results obtained from any
given study. Placebo-controlled studies are in
theory the easiest to interpret, although many of
the studies reviewed here display a level of cross-
over that complicates study findings. However, for
ethical reasons, placebo-controlled studies are not
always appropriate (in particular, in secondary
prevention, and in primary prevention in very
high-risk groups such as patients with familial
hypercholesterolaemia). Some studies in these
patient groups have therefore compared one statin
with another, whereas others have compared a
statin with usual care. Although in principle these
studies are very relevant to clinical practice, in
reality their results are difficult to interpret
because of the potential range of therapies
(including statins) offered to patients in the
control groups, and because of the questions that
arise regarding the comparability of ‘usual care’ in
the countries in which the studies were conducted
with usual care in the UK. It is perhaps
unfortunate that the studies that compared a
statin with usual care did not instead make use of
the opportunity to compare that statin with a
specific standard treatment.

Discussion of outcome measures
Clinical outcomes
Studies may report a substantial number of clinical
outcomes. Some, such as all-cause mortality, seem
reasonably self-explanatory. Others are less
straightforward, and these are discussed briefly
below.

Unstable angina
Studies that report unstable angina as an outcome
do not always define exactly what outcome they
are recording. In studies of primary prevention, it
seems probable that they refer to the development
of unstable angina in patients who were free of
angina at baseline. However, in studies of secondary
prevention, many participants had angina at study
entry, and it is therefore difficult, without further
explanation, to know how to interpret data
relating to unstable angina. Some of these studies
do indeed specify that they are recording either
the number of patients who developed new or
worsening unstable angina or the number who
were hospitalised for unstable angina during the
course of the study. It should be noted that
hospitalisation for unstable angina is a health
service utilisation outcome; as such, it will be
influenced by local practice so that, although the
relative risk of hospitalisation should be generally
applicable, the absolute risk of hospitalisation may
not be generalisable to other contexts.23

Stroke
The data relating to cholesterol levels and stroke
outcomes are complex. A meta-analysis of data
from prospective observational studies found no
significant association between total cholesterol
and risk of stroke mortality, after adjusting for
other relevant variables, but noted that this lack of
association might conceal a positive association
between elevated cholesterol levels and
atherothrombotic (ischaemic) stroke on the one
hand, and low cholesterol levels and haemorrhagic
stroke on the other.64 If so, statin therapy might be
expected to reduce the risk of the more common
ischaemic stroke while increasing the risk of the
rarer haemorrhagic stroke. However, it has been
suggested that the association of haemorrhagic
stroke and low cholesterol seen in several
observational studies could be due to confounding
with alcohol consumption and other factors.65

Moreover, the use of cholesterol-lowering agents
in patients with elevated cholesterol levels seldom
reduces cholesterol to the level associated with an
increased risk of haemorrhagic stroke.66

Unfortunately, few of the RCTs of statin therapy
that report stroke outcomes differentiate between
types of stroke. However, as haemorrhagic stroke is
more often fatal than ischaemic stroke,13 it is
possible that statin therapy may be associated with
a reduction in the risk of non-fatal stroke, but not
necessarily with a comparable reduction in the risk
of fatal stroke.

Composite end-points
Many studies report composite end-points (generally
CHD death plus non-fatal MI, sometimes with the
addition of stroke or coronary revascularisation).
They frequently do so because they are not
powered to achieve a statistically significant result
in relation to each of these end-points individually.
The combination of CHD death with non-fatal MI
seems appropriate, as it combines more and less
severe manifestations of the same disease process
to produce a robust measure of effectiveness. The
addition of undifferentiated stroke is more
questionable because of the possibility, noted above,
that statins increase the risk of haemorrhagic
stroke while offering protection against ischaemic
stroke. The inclusion in composite end-points of
health service utilisation outcomes such as
revascularisation rates makes it difficult to generalise
from the composite outcome as procedure rates
may differ markedly between locations.23

Surrogate end-points
Ideally, this review would only include studies that
reported relevant clinical end-points. However, the
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absence of completed studies of rosuvastatin that
report such end-points necessitated a more
flexible approach. Consequently, data relating to
surrogate end-points from studies of rosuvastatin
with a duration of 26 weeks or longer were
compared with the equivalent data drawn from
included studies of other statins. As a result, the
strength of the evidence for rosuvastatin is weaker
than that for those statins that report clinical
outcomes, as it depends on extrapolation from
surrogate to clinical end-points on the basis of
evidence from other statins, which are different in
their chemical composition, may have different
pleiotrophic effects and are therefore not likely to
be fully comparable in this respect. 

Adverse effects
Issues relating to drug toxicity assume considerable
importance in relation to statins because of:

● the very large number of patients who may be
prescribed or may purchase statins

● the fact that many of these individuals do not
have symptomatic disease

● the fact that they may then take those drugs for
life. 

RCTs generally cannot provide definitive
information about drug toxicity. They may
underestimate the incidence of drug-related
adverse events for several reasons: their
populations may not be wholly typical of the target
population (RCTs tend to exclude older
participants, those with co-morbidities and those
with known sensitivity to statins), and they may
monitor the health of those populations more
carefully than might be done in normal practice.
In addition, RCTs are not powered to identify
rare, although potentially serious, adverse events
(such as the raised incidence of rhabdomyolysis
which led to the withdrawal of cerivastatin).
Finally, RCTs do not always measure, or report, all
potential side-effects.67 Because of this, data
drawn from the studies included in the systematic
review will be supplemented, when relevant, with
evidence from other sources (e.g. postmarketing
surveillance).

Continuance and compliance
The extent to which patients take a therapy in the
intended manner will clearly affect the actual
efficacy of that therapy. There are two aspects to
this issue:

● continuance: the length of time for which the
patient continues to take the medication (also
referred to as adherence or persistence) 

● compliance: the extent to which the medication
is taken each day as prescribed. 

Thus, some patients may demonstrate good
continuance, in that they persist with the
medication for a long period, but poor
compliance. Other patients may demonstrate
perfect compliance for a relatively short period,
but then completely cease taking the medication.
Yet other patients may demonstrate partial
compliance in the form of occasional missed doses
or occasional extra doses: such partial compliance
may be erratic, or may be consistent but different
from what the physician prescribed.68 Insull and
colleagues associate partial compliance (defined as
taking 20–79% of the prescribed medication) with
inconsistent dosing, whereby patients take the
drug in an erratic pattern of near-perfect
compliance interspersed with multiple omission of
single doses or of two or more consecutive days’
doses.69

Compliance and continuance can be assessed by a
number of methods, including:

● patient recall (e.g. self-reported questionnaire)
● pill counts
● self-recorded diaries 
● electronic devices that record the date and time

of opening of the drug containers
● direct measurements of therapeutic response,

such as blood tests (these may be confounded
by an unknown degree of variation in
therapeutic response)

● repeat prescriptions.

However, none of these methods is ideal in terms
of determining whether or when the patients
actually took the medication. For example, it has
been estimated that careful questioning will detect
over 50% of non-compliant patients, but even
patients who admit to missing medication during
the previous day or week tend to overestimate
their actual rate of compliance.70 Moreover, a
study of the proportion of medication taken would
not necessarily identify partial compliance if this
took the form of either extra doses or deviations
from the prescribed time of dose. In a controlled
trial of fluvastatin versus placebo, electronic
monitoring was used in a random sample of
patients: although mean compliance as measured
by the number of doses taken was found to be 94%
(range 54–110%), mean compliance as measured
by the number of days on which the correct
number of doses was taken was only 81% (range
36–100%), and mean compliances to the
prescribed morning and evening dosing schedules
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(i.e. within ±6 hours) were only 71% (range
23–100%).69 Thus, the compliance reported by the
included studies, which is largely based on pill
counts, is likely to overestimate the actual degree
of compliance with the study regimen.

Unsurprisingly, it has been found that continuance
and compliance with a medication are related to a
number of properties of that medication,
including its tolerability, convenience of
administration, the patient’s perception of its
safety, and quality of life while on treatment.71

Thus, compliance decreases as the complexity, cost
and duration of the regimen increase. Although
compliance has little relation to sociodemographic
factors, patients with psychological problems are
less likely to comply with treatment, whereas those
with physical disabilities caused by the disease are
more likely to do so.72 The risk of non-
continuance or non-compliance with prescribed
medication is particularly high in patients with
asymptomatic chronic diseases or risk factors that
require long-term preventive medication.71

Because such treatments bring no immediately
apparent benefits, patients are less well motivated
to comply long term, and find any minor side-
effects less acceptable.73

Discussion of methodology
The review of clinical effectiveness was limited to
studies of 26 weeks and over. This decision was
made because of the evidence from large studies
which published survival curves, such as the Heart
Protection Study (HPS),74 suggesting that statin
therapy does not immediately impact on the
number of patients having a major vascular event.
Moreover, as clinical events are relatively
infrequent outcomes in RCTs of statin therapy, the
number recorded in short studies will be very
small. As a consequence of both these factors, the
shorter the study the greater the likelihood that
the relative incidence of clinical events in the
treatment and control groups will be
disproportionately influenced by chance, and that,
in consequence, the effectiveness of statin therapy
will be underestimated. 

Sifting
The references identified by the literature
searches were sifted in three stages. All studies
were first screened for relevance by title, and the
abstracts of those that were not excluded at this
stage were read. Finally, all studies which seemed
from their abstracts to be potentially relevant
were obtained for a full reading (for studies that
did not provide abstracts, the full studies were
screened).

Data extraction strategy
Data were extracted by one reviewer, using a
customised data extraction form based on that
proposed by the NHS Centre for Reviews and
Dissemination (CRD).75 Extracted data were
checked by another reviewer.

Where available, the following data were reviewed:

● all-cause mortality
● CVD mortality
● CHD mortality
● stroke mortality
● fatal MI
● non-fatal MI
● unstable angina 
● stable angina
● TIA
● PAD
● CABG
● PTCA
● quality of life
● adverse effects
● continuance and compliance.

Quality assessment strategy
The quality of RCTs was assessed according to
criteria based on those proposed by the NHS CRD.75

Meta-analysis strategy
Studies that met the review’s entry criteria were
eligible for inclusion in the meta-analyses provided
that they reported outcomes in terms of the
number of subjects suffering clinical outcomes, as
only this would allow calculation of the relative
risk of subjects in the intervention group
developing each outcome, compared with subjects
in the control group. Studies that reported only
numbers of events, or event rates (i.e. numbers of
events per hundred or thousand patient-years),
could not be included in the meta-analyses as this
would have violated the basic statistical
assumption that the occurrence of one event does
not increase the likelihood of a subsequent event:76

once a subject has suffered one cardiovascular
event, the risk of a subsequent event increases (see
Chapter 2). It was also impossible to include in the
meta-analyses studies that only presented results
in the form of relative risks, relative hazards or
odds ratios, without the underlying numbers.
Because of the number of relevant studies, and the
tight timescale of the review, it was not considered
feasible to contact the authors for missing data. 

The meta-analyses combine study data first by
individual statin and then overall. The overall
analysis was undertaken at the request of the
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National Institute for Health and Clinical
Excellence (NICE); the approach has precedents
in earlier systematic reviews such as that by Ross
and colleagues.77 Similarly, the meta-analyses
combine data from all studies except for those in
transplant patients and people with familiar
hypercholesterolaemia because it was believed that
statins were likely to have a similar effect in all
patients with, or at risk of, CHD. However,
separate meta-analyses were carried out of studies
of primary and secondary prevention, and relevant
subgroup analyses were also undertaken.

Meta-analysis was carried out using Review
Manager.78 The random-effects model was used,
to allow generalisation beyond the sample of
patients represented by the studies included in the
meta-analysis; this model also provides wider,
more conservative, confidence intervals than the
fixed-effects model.67 Unless stated otherwise,
relative risks for individual studies were also
calculated using Review Manager.

Absolute risks and numbers needed to treat
(NNT) were also calculated for some key
outcomes, using GraphPad.79 Both of these
statistics involve a time element: they indicate the
absolute risk of an event, or the number needed to
treat to avoid an event, over a specific period.
Consequently, it is not possible to include studies
of different lengths in these analyses, which have
therefore been carried out only for key studies of
primary and secondary CHD prevention.

In the above series of meta-analyses the trial data
on each outcome are analysed separately. The
implication of this is that the impact of statins on
each outcome is independent. To incorporate
correlations between outcomes in the economic
analyses a Bayesian meta-analysis was also
undertaken. This analysis has the advantage that
the relative risks can be defined in a form suitable
for inclusion in the economic modelling; that is, in
terms of the relative risks conditional on no death.

The Bayesian meta-analysis provides distributions
of relative risks of various events for treatment
versus control. The events considered were CVD
death, CHD death, non-fatal stroke, non-fatal MI
and unstable angina. 

The five events were considered separately and the
same underlying probability model was used in
each case. For the event in question, denoting

nc,i : the number of control group patients in
trial i

nc,i : the number of treatment group patients in
trial i

rc,i : the number of occurrences of the event in
the control group in trial i

rt,i : the number of occurrences of the event in
the treatment group in trial i

pc,i : the probability of the event in the control
group in trial i

pt,i : the probability of the event in the
treatment group in trial i

RRi : the relative risk pt,i /pc,i in trial i

it was then assumed that

rc,I ~ Binomial (nc,i, pc,i)
rt,I ~ Binomial (nt,i, pt,i)

A fairly non-informative prior was assumed for the
control group probability pc,I in each trial: 

pc,I ~ Beta(0.5,0.5)

It was then assumed that relative risk in trial was
independent of the baseline (control) probability,
with prior uncertainty about the relative risk
described by

log RRi ~ N(m,s2)

with m interpreted as the population relative risk,
the parameter ultimately of interest, and s
describing between-trial heterogeneity. Prior
uncertainty about m and s was described by

m ~ N(0,1002)
s ~ U[0,3]

The alternatives m ~ N(0,102) and s ~ U[0,2] were
also considered, without any visible change in the
results. 

The above model for each event was implemented
in the software package WinBUGS to obtain a
sample of values from the posterior distribution of
m, the population relative risk. Summary statistics
were generated based on 10,000 randomly
sampled values. 

Presentation of results
The evidence from placebo-controlled studies 
for the clinical effectiveness of statins in 
patients with, or at risk of, CHD (other than
transplant patients or those with familial
hypercholesterolaemia) is presented first. These
placebo-controlled studies were grouped on the
basis of the presence or absence of clinical CHD
or CVD at study entry, and results will therefore 
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be presented for each of the following groups in
turn:

● all patients
● patients free of known CHD or CVD at baseline

(primary CVD prevention)
● patients free of known CHD at baseline

(primary CHD prevention)
● patients with CHD at baseline (secondary CHD

prevention)
● patients with CVD (including CHD) at baseline

(secondary CVD prevention) (Table 13).

It should be emphasised that the primary CVD
prevention category includes only studies in which
no patients were known to have CHD or other
CVD at study entry. The primary CHD prevention
category included studies in which no patients
were known to have CHD at study entry; thus, it
included all studies of primary CVD prevention as
well as other studies in which some or all patients
had some form of CVD other than CHD at study
entry. The secondary CHD prevention category
included only studies in which all patients were
said to have CHD at study entry. The secondary
CVD category included studies in which all
patients were said to have either CHD or CVD at
study entry; it thus included all studies of
secondary CHD prevention as well as some studies
in which all subjects had CVD, although not
necessarily CHD, at study entry (Table 13).

It should be remembered that, as CHD is a specific
manifestation of CVD, all patients with CHD by
definition have CVD; thus, all subjects in the
studies in the secondary CHD prevention category
have CVD at baseline. However, not all patients
with CVD have CHD, and therefore the secondary
CVD prevention category includes subjects who
may not have CHD at baseline. It should
moreover be noted that the secondary prevention
categories are not homogeneous in that some
studies recruited patients with any evidence of
existing coronary or cardiovascular disease,
whereas others only recruited patients who had
recently suffered a definite MI, and who were
therefore at a substantially higher risk of death.80

To enable the utilisation of data from a number of
large studies [HPS,74 PROSPER,81 West of
Scotland Coronary Prevention Study
(WOSCOPS)82] undertaken in mixed populations,
the evidence from all placebo-controlled studies,
including studies of statins in primary and
secondary prevention, was analysed together. 

The evidence from non-placebo-controlled trials is
then presented, grouped by comparator, in the
following order:

● comparisons with other statins
● comparisons with ‘usual care’
● comparisons with ‘no statin treatment’ 
● dose comparisons.

The evidence relating to the following specific
groups will then be discussed in turn:

● women
● people with diabetes
● people aged 65 and over
● cardiac transplant recipients
● renal transplant recipients
● people with familial hypercholesterolaemia
● ethnic minorities.

Finally, evidence relating to the following
outcomes will be discussed:

● quality of life
● adverse events
● continuance and compliance with statin therapy.

Review of clinical effectiveness:
results
Quantity and quality of research
available
Number and type of studies of clinical efficacy
identified
The electronic literature searches identified 8308
potentially relevant articles. Of these, 157 articles
were identified by the sifting process as relating to
40 RCTs that met the inclusion criteria (Figure 1). 
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TABLE 13 Prevention categories: subjects with CHD or CVD at study entry

Prevention category CHD at study entry CVD at study entry

Primary CVD prevention No subjects No subjects
Primary CHD prevention No subjects Some or all subjects
Secondary CHD prevention All subjects All subjects
Secondary CVD prevention Some or all subjects All subjects



A further five relevant studies (3T,83 4D,84 ASAP,85

DALI86 and Sato, 200187), which were reported in
articles identified by the electronic literature
searches, had been rejected during the sifting
process as their relevance was not apparent; they
were subsequently identified from citations, as
were three studies (the ALLIANCE,88

ESTABLISH89 and REVERSAL90 studies) that were
not picked up by the electronic searches.

Number and type of studies included
A total of 48 individual RCTs met the review
inclusion criteria. A full list of these studies, with
the identified papers relating to them, may be
found in Appendix 2. 

In addition, a further 13 potentially relevant
studies were identified which are still ongoing, or
for which the data are unavailable; these are listed
in Appendix 3.

Number and type of studies excluded, with
reasons
As may be seen from Figure 1, a very large number
of studies identified by the electronic literature
searches did not meet the inclusion criteria, and

were therefore excluded as part of the sifting
process. It is not practical to provide details of all
these studies, and details are therefore given only
of those studies that were excluded at the full
paper stage, and then only if the reason for
exclusion is not immediately apparent from the
full text. Such studies, and the reasons for their
exclusion, are listed in Appendix 4. For clarity, this
appendix also lists all those clinical trials discussed
in the company submissions that did not meet the
inclusion criteria, together with at least one reason
for their exclusion.

Tabulation of quality of studies
The quality of studies relating to each intervention
is tabulated in Appendix 5.

It is only possible here to comment on the quality
of those studies as reported in published articles.
A surprising number of studies (19/48) did not
provide enough information to allow the reader to
judge whether the allocation of patients to
treatment groups was truly random, even using
generous criteria (e.g. assuming that randomisation
that was said to be by minimisation or block
randomisation was performed by computer or
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Potentially relevant articles identified
and screened for retrieval: 
n = 8308

Total abstracts screened: 
n = 903

Papers rejected at the title stage: 
n = 7405

Total full papers screened: 
n = 299

Papers rejected at the abstract stage: 
n = 604

Total full papers accepted: n = 157
(relating to 40 studies of clinical
effectiveness)

Full papers excluded: 
n = 142

FIGURE 1 Summary of study selection and exclusion: electronic literature searches



some other adequate technique, even if that was
not specified). Even fewer studies (27/48)
indicated whether allocation to treatment groups
was adequately concealed. 

Most studies were double blind. However, only one
(LIPS) assessed the success of the blinding process,
and then only informally. In that study, anecdotal
evidence suggested that many patients were aware
of their total cholesterol levels, as these had been
tested by their primary care physicians, and were
therefore no longer blinded to the effects of
treatment.91 Clearly, this may also have occurred
in other studies. If patients in the control group
were aware of their cholesterol levels, they may
have sought to reduce them either by modifying
their behaviour or by seeking non-study lipid-
lowering therapy, thus reducing the apparent
effect of the study therapy.

Many studies reported the presence of
cointerventions that were not equally distributed
between treatment groups and therefore potentially
influenced the study outcome. Such cointerventions
most commonly took the form of statin or other
lipid-lowering therapy in the control group. The
probable impact of such cointerventions is discussed
in the section ‘Placebo-controlled studies: discussion
of results’ (p. 40). Of the studies that do not report
such cointerventions, only two (FLARE,92 LiSA93)
specifically stated that the use of non-study lipid-
lowering therapies was prohibited during the
study. In a third study, by Mehra, no use appeared
to have been made of non-study lipid-lowering
therapies.94

Placebo-controlled studies
Quantity and quality of research available:
placebo-controlled studies
Twenty-eight RCTs were identified that compared
a statin with placebo and reported relevant
outcomes: 4D, 4S, Aronow (2003), ASCOT-LLA,
CAIUS, CARDS, CARE, CIS, DALI, FLARE,
FLORIDA, HPS, KAPS, LIPID, LIPS, LiSA,
MAAS, Mohler 2003, Mondillo 2003, Oxford
Cholesterol Study, PLAC I, PLAC II, PMSG,
PREDICT, PROSPER, REGRESS, SCAT and
WOSCOPS. Of these, five used atorvastatin (4D,
ASCOT-LLA, CARDS, DALI, Mohler 2003), four
fluvastatin (FLARE, FLORIDA, LIPS, LiSA),
11 pravastatin (CAIUS, CARE, KAPS, LIPID,
PLAC I, PLAC II, PMSG, PREDICT, PROSPER,
REGRESS, WOSCOPS) and eight simvastatin (4S,
Aronow 2003, CIS, HPS, MAAS, Mondillo 2003,
Oxford Cholesterol Study, SCAT) (for further
details, see Appendix 6). These studies are set out
by prevention category in Table 14.

The majority of studies used statins at the
maximum recommended dose. Thus, three of the
four fluvastatin studies (FLARE, FLORIDA, LIPS)
used the maximum dose of 80 mg; the LiSA study
increased the starting dose of 40 mg to 80 mg
6 weeks after randomisation if the decrease in
LDL-C was less than 30%.93 Similarly, all but two
of the pravastatin studies used the maximum dose
of 40 mg; in the remaining two (PLAC II and
PMSG), the dose could be increased to 40 mg in
participants whose LDL-C levels had not
responded to the starting dose of 20 mg.95,96

Three of the simvastatin studies (Aronow 2003,
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TABLE 14 Placebo-controlled studies by prevention category

Primary CVD Primary CHD Secondary CHD Secondary CVD Mixed primary and 
prevention prevention prevention prevention secondary prevention

CAIUS107 CAIUS107 4S97 4S97 4D84

CARDS103 CARDS103 CARE111 CARE111 HPS74

ASCOT-LLA102 CIS98 CIS98 KAPS133

DALI86 FLARE108 FLARE108 Oxford Cholesterol Study101

FLORIDA109 FLORIDA109 PMSG96

LIPID112 LIPID112 PROSPER81

LIPS110 LIPS110 WOSCOPS82

LiSA93 LiSA93

MAAS100 MAAS100

PLAC I113 PLAC I113

PLAC II95 PLAC II95

PREDICT114 PREDICT114

REGRESS115 REGRESS115

SCAT116 SCAT116

Aronow 2003118

Mohler 200321

Mondillo 2003105



HPS, Mondillo 2003) used 40 mg throughout; this
is the maximum dose recommended for all
patients except those at extremely high risk of
cardiovascular events [see the section ‘Summary of
product characteristics’ (p. 12)]. Of the remaining
five simvastatin studies, three (4S, CIS, SCAT)
used a starting dose of 20 mg, which could be
increased to 40 mg if this was necessary to achieve
an adequate reduction in LDL-C.97–99 MAAS used
a 20-mg dose throughout,100 while in the Oxford
Cholesterol Study, which did not present results
for clinical effectiveness by treatment arm, one
arm was randomised to 20 mg and one to 40
mg.101 By contrast, the atorvastatin studies
generally used doses well below the maximum
dose of 80 mg: ASCOT-LLA and CARDS used a
fixed dose of 10 mg,102,103 and the 4D study a
fixed dose of 20 mg.84 Only the small DALI86 and
Mohler21 studies used an 80-mg dose: each had
two treatment arms, one on a fixed dose of 10 mg
and the other on 80 mg.

Assessment of effectiveness: placebo-controlled
studies
As noted earlier, the evidence from all the
placebo-controlled studies will be presented first.
Evidence will then be presented in relation to the
different prevention categories in turn, starting
with primary CVD prevention (patients free of
known CHD or CVD at baseline), followed by
primary CHD prevention (patients free of known
CHD at baseline), then by secondary CHD
prevention (patients with CHD at baseline) and
finally secondary CVD prevention (patients with
CVD, including CHD, at baseline).

Assessment of effectiveness of statins: 
all placebo-controlled trials
Many of the studies that report mortality data are
too small to show a statistically significant effect.
However, meta-analysis of data from all studies
that provided such data in usable form indicates
that statins are associated with a reduction in the
risk of all-cause mortality, cardiovascular mortality,
CHD mortality and fatal MI, but not of stroke
mortality (Figures 2–4). (Only forest plots for key
outcomes are included here; those for other
outcomes may be found in Appendix 7.) Studies
that were excluded from any meta-analysis of
clinical outcomes because they had not published
such data in usable form were 4D, for which only
preliminary data were available, indicating a non-
significant reduction in the primary end-point of
combined cardiac death, non-fatal MI and
stroke,104 and the Oxford Cholesterol Study, which
collected data on the number of patients who
suffered all-cause, CHD and other vascular

mortality, non-fatal MI and stroke, but only
published these data in an interim report which
did not attribute such outcomes to treatment
groups.101 Mondillo 2003 did not report any
clinical outcomes other than walking distances.105

Many studies were also too small to show a
statistically significant effect in relation to non-
fatal outcomes. However, meta-analysis of data
from all studies that provided such data in usable
form indicates that statins are associated with a
reduction in the risk of non-fatal stroke, TIA, non-
fatal MI (Figure 5), unstable angina and
hospitalisations for unstable angina. In the only
study that reported this outcome,102 statin
treatment was also found to be associated with a
reduction in relative risk of chronic stable angina
(RR 0.59, 95% CI 0.38 to 0.90).

Because few studies reported the effect of statins
on PAD, the results were not statistically significant
even when combined. However, one of the studies
included in the meta-analysis was carried out in
patients with stable intermittent claudication.21

This found that statin therapy was associated with
a significant reduction in the incidence of
peripheral arterial events (worsening claudication,
development of rest ischaemia, peripheral
revascularisation and limb amputation), suggesting
that statins may have a beneficial effect on PAD, 
at least in this patient group.

Statin treatment was also found to be associated
with a reduction in both CABG and PTCA.

The most robust results are demonstrated in
relation to the composite end-point of CHD
mortality plus non-fatal MI (Figure 6).

The fact that statin therapy is associated with a
statistically significant reduction in the risk of non-
fatal stroke, but not of fatal stroke, may be due to
a differential effect on haemorrhagic and non-
haemorrhagic stroke. Only three studies
differentiated between types of stroke. Two of these
provided data in a form that enabled them to be
combined in a meta-analysis.74,97 The results show
that, although statin therapy was not shown to have
an effect on haemorrhagic stroke, it reduced the
risk of non-haemorrhagic stroke (Figures 7 and 8).

These results are supported by those of the third
study, the LIPID study106 in which statin therapy
was associated with a significant reduction in the
risk of non-haemorrhagic stroke but not of
haemorrhagic stroke (Table 15). Thus, statin
therapy appears to be associated with a reduced
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risk of the more common, non-haemorrhagic,
stroke and has not been shown to increase the risk
of haemorrhagic stroke.

Overall, therefore, the evidence indicates that
statins are associated with a reduction in the risk
of all-cause, cardiovascular and CHD mortality,
and of a number of non-fatal outcomes (non-fatal
MI, non-fatal stroke, TIA, angina and coronary
revascularisation). No effect has been
demonstrated in respect of stroke mortality. 

On the evidence available from the placebo-
controlled trials, it is barely possible to

differentiate between the different statins in
relation to any outcome: although the point
estimates of their effect sizes may vary, the
confidence intervals overlap in each case except
for non-fatal MI, where simvastatin can just be
differentiated from pravastatin (Figure 5). 
Head-to-head comparisons of one statin with
another are reviewed in the section ‘Direct
statin–statin comparisons’ (p. 42).

As noted in the section ‘Quantity and quality of
research available: placebo-controlled studies’ 
(p. 24), although most studies of fluvastatin and
pravastatin and simvastatin either used, or had the
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Review:
Comparison:
Outcome:

Statins
01 Placebo-controlled studies
01 All-cause mortality

Study
or subcategory

01 Atorvastatin
 ASCOT-LLA102

 CARDS103

 DALI86

 Mohler21

Subtotal (95% CI)
Total events: 251 (treatment), 295 (control)
Test for heterogeneity: �2 = 1.67, df = 2 (p = 0.43), I2 = 0%
Test for overall effect: z = 2.13 (p = 0.03)

Treatment
n/N

185/5168
  61/1428

  0/145
  5/240

       6981

Control
n/N

RR (random)
95% CI

212/5137
  82/1410

0/72
  1/114

       6733

Weight
%

9.48
4.26

0.11
13.85

RR (random)
95% CI

0.87 (0.71 to 1.05)
0.73 (0.53 to 1.01)
Not estimable
2.38 (0.28 to 20.09)
0.84 (0.71 to 0.99)

02 Fluvastatin
 FLORIDA109

 LIPS110

Subtotal (95% CI)
Total events: 43 (treatment), 60 (control)
Test for heterogeneity: �2 = 0.03, df = 1 (p = 0.86), I2 = 0%
Test for overall effect: z = 1.73 (p = 0.08)

  7/265
36/844

       1109

11/275
49/833

       1108

0.58
2.68
3.27

0.66 (0.26 to 1.68)
0.73 (0.48 to 1.10)
0.71 (0.49 to 1.05)

03 Pravastatin
 CARE111

 KAPS133

 LIPID112

 PLAC I113

 PLAC II95

 PREDICT114

 PROSPER81

 REGRESS115

 WOSCOPS82

Subtotal (95% CI)
Total events: 1101 (treatment), 1294 (control)
Test for heterogeneity: �2 = 9.22, df = 8 (p = 0.32), I2 = 13.3%
Test for overall effect: z = 3.19 (p = 0.001)

180/2081
  3/224

498/4512
  4/206

3/75
  4/347

298/2891
  5/450

106/3302
          14,088

196/2078
  4/223

633/4502
  6/202

5/76
  1/348

306/2913
  8/434

135/3293
          14,069

9.50
0.23

17.63
0.33
0.26
0.11

12.92
0.42
6.51

47.90

0.92 (0.76 to 1.11)
0.75 (0.17 to 3.30)
0.78 (0.70 to 0.88)
0.65 (0.19 to 2.28)
0.61 (0.15 to 2.45)
4.01 (0.45 to 35.71)
0.98 (0.84 to 1.14)
0.60 (0.20 to 1.83)
0.78 (0.61 to 1.01)
0.86 (0.78 to 0.94)

04 Simvastatin
 4S97

 CIS98

 HPS74

 MAAS100

 SCAT116

Subtotal (95% CI)
Total events: 1528 (treatment), 1784 (control)
Test for heterogeneity: �2 = 12.02, df = 4 (p = 0.02), I2 = 66.7%
Test for overall effect: z = 1.61 (p = 0.11)

182/2221
  1/129

 1328/10,269
  4/193
13/230

          13,042

256/2223
  4/125

 1507/10,267
11/188
  6/230

          13,033

10.37
0.11

23.53
0.40
0.56

34.98

0.71 (0.59 to 0.85)
0.24 (0.03 to 2.14)
0.88 (0.82 to 0.94)
0.35 (0.11 to 1.09)
2.17 (0.84 to 5.60)
0.81 (0.62 to 1.05)

Total (95% CI)
Total events: 2923 (treatment), 3433 (control)
Test for heterogeneity: �2 = 23.86, df = 18 (p = 0.16), I2 = 24.6%
Test for overall effect: z = 4.80 (p < 0.00001)

          35,220           34,943 100.00 0.84 (0.78 to 0.90)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 2 Placebo-controlled studies: effect of statins on all-cause mortality



potential to use, those statins at their maximum
recommended dose, the same was not true of
atorvastatin. It could therefore be argued that
atorvastatin may have the potential to achieve
greater reductions in clinical events than are
demonstrated by the trials included in this review.
However, it is not clear to what extent increasing
the dose of atorvastatin above 10 mg would
increase its clinical effectiveness. Neither of the
two small studies that used 10-mg and 80-mg
doses was powered to demonstrate a difference
between them in terms of vascular events,21,86 and

the 4D study, which used a 20-mg dose, has yet to
report. Moreover, although the DALI study found
that the 80-mg dose achieved a significantly
greater reduction in LDL-C than did the 10-mg
dose,86 Mohler and colleagues found no significant
difference between the two doses.21 Thus, it is
currently not clear to what extent the use of
higher doses of atorvastatin would achieve greater
LDL-C lowering, or whether any lipid-lowering
effects would be beneficial in terms of clinical 
end-points or would be associated with an
increased risk of adverse events.
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Review:
Comparison:
Outcome:

Statins
80 Placebo-controlled studies: CHD mortality
01 CHD mortality

Study
or subcategory

01 Atorvastatin
 DALI86

 Mohler21

 CARDS103

Subtotal (95% CI)
Total events: 23 (treatment), 26 (control)
Test for heterogeneity: �2 = 0.01, df = 1 (p = 0.91), I2 = 0%
Test for overall effect: z = 0.63 (p = 0.53)

Treatment
n/N

  0/145
  2/240

  21/1428
       1813

Control
n/N

RR (random)
95% CI

0/72
  1/114

  25/1410
       1596

Weight
%

0.09
1.52
1.61

RR (random)
95% CI

Not estimable
0.95 (0.09 to 10.37)
0.83 (0.47 to 1.47)
0.84 (0.48 to 1.46)

02 Fluvastatin
 FLARE108

 LiSA93

 FLORIDA109

 LIPS110

Subtotal (95% CI)
Total events: 20 (treatment), 44 (control)
Test for heterogeneity: �2 = 0.99, df = 3 (p = 0.80), I2 = 0%
Test for overall effect: z = 2.84 (p = 0.004)

  3/409
  2/187
  2/265
13/844

       1705

  7/425
  4/178
  9/275
24/833

       1711

0.28
0.18
0.22
1.13
1.80

0.45 (0.12 to 1.71)
0.48 (0.09 to 2.57)
0.23 (0.05 to 1.06)
0.53 (0.27 to 1.04)
0.46 (0.27 to 0.79)

03 Pravastatin
 PMSG96

 KAPS133

 PLAC I113

 REGRESS115

 WOSCOPS82

 CAIUS107

 CARE111

 LIPID112

 PROSPER81

Subtotal (95% CI)
Total events: 524 (treatment), 679 (control)
Test for heterogeneity: �2 = 2.45, df = 8 (p = 0.96), I2 = 0%
Test for overall effect: z = 4.56 (p < 0.00001)

  0/530
  2/224
  3/206
  3/450

  38/3302
  1/151

  96/2081
287/4512
  94/2891

          14,347

  3/532
  2/223
  3/202
  5/434

  52/3293
  0/154

119/2078
373/4502
122/2913

          14,331

0.06
0.13
0.20
0.25
2.91
0.05
7.33

22.89
7.22

41.03

0.14 (0.01 to 2.77)
1.00 (0.14 to 7.01)
0.98 (0.20 to 4.80)
0.58 (0.14 to 2.41)
0.73 (0.48 to 1.10)
3.06 (0.13 to 74.51)
0.81 (0.62 to 1.05)
0.77 (0.66 to 0.89)
0.78 (0.60 to 1.01)
0.77 (0.69 to 0.86)

04 Simvastatin
 4S97

 MAAS100

 CIS98

 SCAT116

 Aronow118

 HPS74

Subtotal (95% CI)
Total events: 713 (treatment), 912 (control)
Test for heterogeneity: �2 = 9.64, df = 5 (p = 0.09), I2 = 48.1%
Test for overall effect: z = 2.26 (p = 0.02)

111/2221
  4/193
  1/129
  7/230

3/34
   587/10,269
          13,076

189/2223
  4/188
  2/125
  4/230

6/35
   707/10,267
          13,068

9.77
0.27
0.09
0.34
0.30

44.79
55.56

0.59 (0.47 to 0.74)
0.97 (0.25 to 3.84)
0.48 (0.04 to 5.28)
1.75 (0.52 to 5.90)
0.51 (0.14 to 1.89)
0.83 (0.75 to 0.92)
0.74 (0.57 to 0.96)

Total (95% CI)
Total events: 1280 (treatment), 1661 (control)
Test for heterogeneity: �2 = 16.80, df = 20 (p = 0.67), I2 = 0%
Test for overall effect: z = 7.15 (p < 0.00001)

          30,941           30,706 100.00 0.77 (0.72 to 0.83)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 3 Placebo-controlled studies: effect of statins on CHD mortality



Assessment of effectiveness of statins in patients
free of CVD at baseline (primary CVD prevention)
The evidence for the effectiveness of statins in
primary CVD prevention rests on two placebo-
controlled RCTs (CAIUS107 and CARDS103), and
on subgroup analyses in three placebo-controlled
studies of CHD prevention (ASCOT-LLA102) or
populations with mixed CVD status (PROSPER81

and WOSCOPS82). However, these latter studies
only presented data relating to patients without
CVD at study entry in relation to the following
composite end-points: 

● fatal CHD and non-fatal MI (ASCOT-LLA and
WOSCOPS) 

● fatal CHD, non-fatal MI and fatal or non-fatal
stroke (PROSPER).

Moreover, two of these studies (PROSPER and
WOSCOPS) did not stratify randomisation to take
into account prior disease status. In the ASCOT-
LLA study, randomisation was by minimisation,
and it is not specified whether this took prior
disease status into account. Consequently, the
subgroup analyses from PROSPER and WOSCOPS
are not, and those from the ASCOT-LLA study
may not be, true randomised comparisons.

The two studies that were carried out specifically
in patients without CVD differed in their
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Review:
Comparison:
Outcome:

Statins
01 Placebo-controlled studies
02 Fatal MI

Study
or subcategory

01 Atorvastatin
 CARDS103

 DALI86

 Mohler21

Subtotal (95% CI)
Total events: 9 (treatment), 21 (control)
Test for heterogeneity: �2 = 0.02, df = 1 (p = 0.90), I2 = 0%
Test for overall effect: z = 0.63 (p = 0.53)

Treatment
n/N

    8/1428
  0/145
  1/240

       1813

Control
n/N

RR (random)
95% CI

  20/1410
0/72

  1/114
       1596

Weight
%

6.24

0.55
6.79

RR (random)
95% CI

0.39 (0.17 to 0.89)
Not estimable
0.48 (0.03 to 7.53)
0.40 (0.18 to 0.88)

02 Fluvastatin
 FLORIDA109

 LiSA93

Subtotal (95% CI)
Total events: 2 (treatment), 6 (control)
Test for heterogeneity: �2 = 0.71, df = 1 (p = 0.40), I2 = 0%
Test for overall effect: z = 1.08 (p = 0.28)

  2/265
  2/187
     452

  3/275
  3/178
     453

0.48
1.32
1.79

0.15 (0.01 to 2.86)
0.63 (0.11 to 3.75)
0.43 (0.09 to 1.98)

03 Pravastatin
 CAIUS107

 CARE111

 KAPS133

 LIPID112

 PLAC I113

 PMSG96

 PREDICT114

 REGRESS115

 WOSCOPS82

Subtotal (95% CI)
Total events: 98 (treatment), 166 (control)
Test for heterogeneity: �2 = 3.53, df = 8 (p = 0.90), I2 = 0%
Test for overall effect: z = 4.11 (p < 0.0001)

  1/151
  24/2081

  0/224
  53/4512

  1/206
  0/530
  1/347
  1/450

  17/3302
         11,803

  0/154
  38/2078

  2/223
  89/4502

  1/202
  2/532
  0/348
  1/434

  33/3293
         11,766

0.41
16.16

0.45
36.52

0.54
0.45
0.41
0.54

12.24
67.73

3.06 (0.13 to 74.51)
0.63 (0.38 to 1.05)
0.20 (0.01 to 4.12)
0.59 (0.42 to 0.83)
0.98 (0.06 to 15.57)
0.20 (0.01 to 4.17)
3.01 (0.12 to 73.60)
0.96 (0.06 to 15.37)
0.51 (0.29 to 0.92)
0.59 (0.46 to 0.76)

04 Simvastatin
 4S97

 MAAS100

 SCAT116

Subtotal (95% CI)
Total events: 32 (treatment), 66 (control)
Test for heterogeneity: �2 = 0.27, df = 2 (p = 0.87), I2 = 0%
Test for overall effect: z = 3.38 (p = 0.0007)

  30/2221
  1/193
  1/230

       2644

  63/2223
  2/188
  1/230

       2641

22.42
0.73
0.54

23.69

0.48 (0.31 to 0.73)
0.49 (0.04 to 5.33)
1.00 (0.06 to 15.89)
0.49 (0.32 to 0.74)

Total (95% CI)
Total events: 141 (treatment), 259 (control)
Test for heterogeneity: �2 = 5.95, df = 15 (p = 0.98), I2 = 0%
Test for overall effect: z = 5.77 (p < 0.00001)

          16,712           16,456 100.00 0.55 (0.45 to 0.67)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 4 Placebo-controlled studies: effect of statins on fatal MI



populations: CARDS recruited patients with type 2
diabetes from the UK and Republic of Ireland (a
high-risk primary prevention population), while
CAIUS was conducted in a Mediterranean
population with ultrasonographic evidence of
early carotid artery atherosclerosis. The ASCOT-
LLA study was a factorial study evaluating
atorvastatin in hypertensive patients without a
history of CHD who were also receiving aggressive
antihypertensive treatment with either a �-blocker
or a calcium antagonist102 (again, a high-risk

primary prevention population; for further details,
see Appendix 6). Of the studies with mixed
populations, PROSPER was specifically carried out
in elderly patients81 and WOSCOPS in men.82

Meta-analysis indicates that, in patients without
clinical CVD, statins are associated with a
statistically significant reduction in the risk of non-
fatal MI, and of CHD death plus non-fatal MI.
There was also a statistically significant reduction
in the composite end-point of CHD death, non-
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Review:
Comparison:
Outcome:

Statins
84 Placebo-controlled studies: non-fatal MI
01 Non-fatal MI

Study
or subcategory

01 Atorvastatin
 DALI86

 ASCOT-LLA102

 Mohler21

 CARDS103

Subtotal (95% CI)
Total events: 90 (treatment), 152 (control)
Test for heterogeneity: �2 = 1.44, df = 3 (p = 0.70), I2 = 0%
Test for overall effect: z = 4.21 (p < 0.0001)

02 Atorvastatin
 FLARE108

 LiSA93

 LIPS110

Subtotal (95% CI)
Total events: 33 (treatment), 49 (control)
Test for heterogeneity: �2 = 1.97, df = 2 (p = 0.37), I2 = 0%
Test for overall effect: z = 1.67 (p = 0.09)

03 Pravastatin
 PMSG96

 KAPS133

 PLAC I113

 REGRESS115

 WOSCOPS82

 CAIUS107

 CARE111

 PREDICT114

 PROSPER81

Subtotal (95% CI)
Total events: 569 (treatment), 733 (control)
Test for heterogeneity: �2 = 7.66, df = 8 (p = 0.47), I2 = 0%
Test for overall effect: z = 4.57 (p < 0.00001)

04 Simvastatin
 4S97

 CIS98

 SCAT116

 HPS74

Subtotal (95% CI)
Total events: 532 (treatment), 858 (control)
Test for heterogeneity: �2 = 2.87, df = 3 (p = 0.41), I2 = 0%
Test for overall effect: z = 8.90 (p < 0.00001)

Total (95% CI)
Total events: 1224 (treatment), 1792 (control)
Test for heterogeneity: �2 = 25.21, df = 19 (p = 0.15), I2 = 24.6%
Test for overall effect: z = 7.27 (p < 0.00001)

Treatment
n/N

    0/145
  60/5168
    5/240
  25/1428
       6981

    3/409
    0/187
  30/844
       1440

    0/530
    3/224
    7/206
    7/450
143/3302
    1/151
182/2081
    4/347
222/2891
       10,182

164/2221
    1/129
  10/230
357/10,269
       12,849

31,452

Control
n/N

RR (random)
95% CI

    1/72
108/5137
    2/114
  41/1410
       6733

  10/425
    1/178
  38/833
       1436

    4/532
    6/223
  16/202
  12/434
204/3293
    2/154
231/2078
    4/348
254/2913
       10,177

270/2223
    5/125
    9/230
574/10,267
       12,845

       31,191

Weight
%

0.10
7.79
0.39
3.78

12.06

0.63
0.10
4.10
4.83

0.12
0.55
1.34
1.19

13.05
0.18

14.75
0.55

15.68
47.41

14.72
0.23
1.30

19.45
35.70

100.00

RR (random)
95% CI

0.17 (0.01 to 4.04)
0.55 (0.40 to 0.76)
1.19 (0.23 to 6.03)
0.60 (0.37 to 0.98)
0.57 (0.44 to 0.74)

0.31 (0.09 to 1.12)
0.32 (0.01 to 7.74)
0.78 (0.49 to 1.25)
0.69 (0.45 to 1.07)

0.11 (0.01 to 2.07)
0.50 (0.13 to 1.97)
0.43 (0.18 to 1.02)
0.56 (0.22 to 1.42)
0.70 (0.57 to 0.86)
0.51 (0.05 to 5.56)
0.79 (0.65 to 0.95)
1.00 (0.25 to 3.98)
0.88 (0.74 to 1.05)
0.78 (0.70 to 0.87)

0.61 (0.51 to 0.73)
0.19 (0.02 to 1.64)
1.11 (0.46 to 2.68)
0.62 (0.55 to 0.71)
0.62 (0.56 to 0.69)

0.68 (0.62 to 0.76)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 5 Placebo-controlled studies: effect of statins on non-fatal MI



fatal MI, any stroke or coronary revascularisation.
However, the studies were too small to demonstrate
statistically significant effects in relation to other
clinical outcomes (see Appendix 8, Table 107 and
Figures 47–52).

Two of the studies that provided subgroup data
relating to patients without prior CVD reported
combined data on CHD death plus non-fatal MI
in a form that did not allow them to be included
in a meta-analysis. The ASCOT-LLA investigators
calculated that, in patients without prior CVD,
statin treatment was associated with an unadjusted
hazard ratio in relation to this outcome of 0.61

(95% CI 0.46 to 0.81),102 while the WOSCOPS
investigators calculated that, in such patients,
statin treatment was associated with a risk
reduction of 33% (95% CI 15 to 46%).82 These
figures are not incompatible with the results of the
meta-analysis presented in Table 16.

The WOSCOPS investigators also calculated a risk
reduction of 33% (95% CI 15 to 46%) for a
composite end-point of CHD death, non-fatal MI,
fatal or non-fatal stroke and coronary
revascularisation in patients without CVD at
baseline.82 This is again not incompatible with the
relative risk of that same end-point of 0.64 (95%

Effectiveness

30

Review:
Comparison:
Outcome:

Statins
91 Placebo-controlled studies: CHD death plus non-fatal MI
01 CHD death plus non-fatal MI

Study
or subcategory

01 Atorvastatin
 DALI86

 ASCOT-LLA102

 Mohler21

 CARDS103

Subtotal (95% CI)
Total events: 150 (treatment), 223 (control)
Test for heterogeneity: �2 = 1.32, df = 3 (p = 0.973), I2 = 0%
Test for overall effect: z = 4.09 (p < 0.0001)

02 Fluvastatin
 FLARE108

 LiSA93

 LIPS110

Subtotal (95% CI)
Total events: 50 (treatment), 82 (control)
Test for heterogeneity: �2 = 1.91, df = 2 (p = 0.39), I2 = 0%
Test for overall effect: z = 2.76 (p = 0.006)

03 Pravastatin
 PMSG96

 KAPS133

 WOSCOPS82

 CAIUS107

 CARE111

 LIPID112

 PROSPER81

Subtotal (95% CI)
Total events: 1242 (treatment), 1610 (control)
Test for heterogeneity: �2 = 4.95, df = 6 (p = 0.55), I2 = 0%
Test for overall effect: z = 7.19 (p < 0.00001)

04 Simvastatin
 4S97

 CIS98

 HPS74

Subtotal (95% CI)
Total events: 1331 (treatment), 1841 (control)
Test for heterogeneity: �2 = 2.38, df = 2 (p = 0.30), I2 = 15.9%
Test for overall effect: z = 8.29 (p < 0.00001)

Total (95% CI)
Total events: 2773 (treatment), 3756 (control)
Test for heterogeneity: �2 = 15.28, df = 16 (p = 0.50), I2 = 0%
Test for overall effect: z = 12.94 (p < 0.00001)

Treatment
n/N

    0/145
100/5168
    7/240
  43/1428
       6981

    6/409
    2/187
  42/844
       1440

    0/530
    5/224
174/3302
    2/151
212/2081
557/4512
292/2891
       13,691

431/2221
    2/129
898/10,269
       12,619

       34,731

Control
n/N

RR (random)
95% CI

      1/72
  154/5137
      3/114
    65/1410
         6733

    17/425
      5/178
    60/833
         1436

      7/532
      8/223
  248/3293
      2/154
  274/2078
  715/4502
  356/2913
         13,695

  622/2223
      7/125
1212/10,267
         12,615

         34,479

Weight
%

0.02
3.41
0.12
1.47
5.02

0.25
0.08
1.44
1.77

0.03
0.17
5.98
0.06
7.41

19.96
9.90

43.51

18.13
0.09

31.48
49.70

100.00

RR (random)
95% CI

0.17 (0.01 to 4.04)
0.65 (0.50 to 0.83)
1.11 (0.29 to 4.21)
0.65 (0.45 to 0.95)
0.65 (0.53 to 0.80)

0.37 (0.15 to 0.92)
0.38 (0.07 to 1.94)
0.69 (0.47 to 1.01)
0.62 (0.44 to 0.87)

0.07 (0.00 to 1.17)
0.62 (0.21 to 1.87)
0.70 (0.58 to 0.84)
1.02 (0.15 to 7.15)
0.77 (0.65 to 0.91)
0.78 (0.70 to 0.86)
0.83 (0.71 to 0.96)
0.77 (0.72 to 0.83)

0.69 (0.62 to 0.77)
0.28 (0.06 to 1.31)
0.74 (0.68 to 0.80)
0.72 (0.67 to 0.78)

0.74 (0.71 to 0.77)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 6 Placebo-controlled studies: effect of statins on CHD mortality plus non-fatal MI



CI 0.48 to 0.84) calculated from data presented in
CARDS relating to the number of patients who
had CHD death, non-fatal MI, fatal or non-fatal
stroke, or CABG or other surgery as their primary
end-point. 

Assessment of effectiveness of statins in patients
free of CHD at baseline (primary CHD prevention)
The evidence for the effectiveness of statins in
patients without prior CHD rests on the CAIUS
and CARDS studies discussed above, DALI, which

compared two doses of atorvastatin with placebo
in patients with type 2 diabetes (a high-risk
primary prevention population),86 and the full
ASCOT-LLA study. The subgroup data from
PROSPER81 and WOSCOPS,82 noted above,
relating to patients without CVD at study entry,
are also relevant here. In addition, HPS,74 a
factorial study evaluating both simvastatin and
antioxidant vitamins (for further details, see
Appendix 6), presented subgroup data relating to
patients without CHD at study entry, although
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Review:
Comparison:
Outcome:

Statins: additional analyses
20 Placebo-controlled studies: total stroke
01 Haemorrhagic stroke

Study
or subcategory

4S97

HPS74

Total (95% CI)
Total events: 51 (treatment), 55 (control)
Test for heterogeneity: �2 = 1.01, df = 1 (p = 0.31), I2 = 1.5%
Test for overall effect: z = 0.32 (p = 0.75)

Treatment
n/N

  0/2221
51/10,269

     12,490

Control
n/N

RR (random)
95% CI

  2/2223
53/10,629

     12,490

Weight
%

2.27
97.73

100.00

RR (random)
95% CI

0.20 (0.01 to 4.17)
0.96 (0.66 to 1.41)

0.93 (0.59 to 1.47)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 7 Placebo-controlled studies: effect of statins on haemorrhagic stroke

Review:
Comparison:
Outcome:

Statins: additional analyses
20 Placebo-controlled studies: total stroke
02 Non-haemorrhagic stroke

Study
or subcategory

4S97

HPS74

Total (95% CI)
Total events: 319 (treatment), 458 (control)
Test for heterogeneity: �2 = 0.54, df = 1 (p = 0.46), I2 = 0%
Test for overall effect: z = 5.03 (p < 0.0001)

Treatment
n/N

  29/2221
290/10,269

       12,490

Control
n/N

RR (random)
95% CI

  49/2221
409/10,267

       12,490

Weight
%

9.55
90.45

100.00

RR (random)
95% CI

0.59 (0.38 to 0.93)
0.71 (0.61 to 0.82)

0.70 (0.61 to 0.80)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 8 Placebo-controlled studies: effect of statins on non-haemorrhagic stroke

TABLE 15 Effect of statin therapy on types of stroke: the LIPID study106

Outcome % of patients Risk reduction 95% CI p

Pravastatin Placebo 
(%)

(n = 4512) (n = 4502)

Haemorrhagic stroke 0.4 0.2 NR 0.28
Non-haemorrhagic stroke 3.4 4.4 23 5–38 0.02

NR, not reported.



only in relation to the first major vascular event
(coronary death, non-fatal MI, fatal or non-fatal
stroke or any revascularisation).

Meta-analysis indicates that, in patients without
clinical CHD, statin therapy is associated with a
statistically significant reduction in the risk of all-
cause mortality, non-fatal MI, stable angina, CHD
death plus non-fatal MI, and a composite of
coronary death, non-fatal MI, fatal or non-fatal
stroke or any revascularisation (Figures 9–13).

However, the studies were again too small to
demonstrate significant results in relation to other
fatal events, non-fatal stroke, PAD, unstable angina
or coronary revascularisation (see Appendix 9,
Table 108 and Figures 53–60).

Assessment of effectiveness of statins in patients
with CHD at baseline (secondary CHD prevention) 
There is a larger body of evidence relating to the
use of statins in patients with symptomatic CHD.
Fourteen placebo-controlled studies were identified

Effectiveness
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Review:
Comparison:
Outcome:

Statins
14 Primary CHD: placebo-controlled studies: all-cause mortality
01 All-cause mortality

Study
or subcategory

01 Atorvastatin
 DALI86

 ASCOT-LLA102

 CARDS103

Subtotal (95% CI)
Total events: 246 (treatment), 294 (control)
Test for heterogeneity: �2 = 0.75, df = 1 (p = 0.39), I2 = 0%
Test for overall effect: z = 2.20 (p = 0.03)

Total (95% CI)
Total events: 246 (treatment), 294 (control)
Test for heterogeneity: �2 = 0.75, df = 1 (p = 0.39), I2 = 0%
Test for overall effect: z = 2.20 (p = 0.03)

Treatment
n/N

    0/145
185/5168
  61/1428
       6741

       6741

Control
n/N

RR (random)
95% CI

    0/72
212/5137
  82/1410
       6619

       6619

Weight
%

73.63
26.37

100.00

100.00

RR (random)
95% CI

Not estimable
0.87 (0.71 to 1.05)
0.73 (0.53 to 1.01)
0.83 (0.70 to 0.98)

0.83 (0.70 to 0.98)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 9 Placebo-controlled studies: statins in primary CHD prevention – all-cause mortality

Review:
Comparison:
Outcome:

Statins
20 Primary CHD: placebo-controlled studies: non-fatal MI
01 Non-fatal MI

Study
or subcategory

01 Atorvastatin
 DALI86

 CARDS103

Subtotal (95% CI)
Total events: 25 (treatment), 42 (control)
Test for heterogeneity: �2 = 0.61, df = 1 (p = 0.44), I2 = 0%
Test for overall effect: z = 2.17 (p = 0.03)

02 Pravastatin
 CAIUS107

Subtotal (95% CI)
Total events: 1 (treatment), 2 (control)
Test for heterogeneity: NA
Test for overall effect: z =0.55 (p = 0.58)

Total (95% CI)
Total events: 26 (treatment), 44 (control)
Test for heterogeneity: �2 = 0.62, df = 2 (p = 0.73), I2 = 0%
Test for overall effect: z = 2.23 (p = 0.03)

Treatment
n/N

  0/145
25/1428
     1573

  1/151
     151

     1724

Control
n/N

RR (random)
95% CI

  1/72
41/1410
     1482

  2/154
     154

     1636

Weight
%

2.23
93.79
96.03

3.97
3.97

100.00

RR (random)
95% CI

0.17 (0.01 to 4.04)
0.60 (0.37 to 0.98)
0.58 (0.36 to 0.95)

0.51 (0.05 to 5.56)
0.51 (0.05 to 5.56)

0.58 (0.36 to 0.94)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 10 Placebo-controlled studies: statins in primary CHD prevention – non-fatal MI. NA, not applicable.



that were carried out in this patient group and
reported relevant clinical outcomes: LiSA,93

FLARE,108 FLORIDA,109 LIPS,110 CARE,111

LIPID,112 PLAC I,113 PLAC II,95 PREDICT,114

REGRESS,115 MAAS,100 4S,97 CIS98 and SCAT.116

In addition, one study in a mixed population
(HPS) presented data relating to a subgroup of
patients with prior CHD, although only in relation
to a composite end-point, first major vascular
event (i.e. coronary death, non-fatal MI, fatal or
non-fatal stroke or any revascularisation).74

Meta-analysis of the relevant data indicates that, 
in patients with clinical CHD, statin treatment was
associated with a statistically significant reduction
in the risk of all-cause mortality, cardiovascular
mortality and CHD mortality, fatal and non-fatal
MI, unstable angina and hospitalisation for
unstable angina, non-fatal stroke, PAD, coronary
revascularisation and a composite of CHD death
and non-fatal MI (Figures 14–24). (For other
analyses, see Appendix 10, Table 109 and 
Figures 61–64.
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Review:
Comparison:
Outcome:

Statins
22 Primary CHD: placebo-controlled studies: chronic stable angina
01 Chronic stable angina

Study
or subcategory

01 Atorvastatin
 ASCOT-LLA102

Subtotal (95% CI)
Total events: 33 (treatment), 56 (control)
Test for heterogeneity: NA
Test for overall effect: z = 2.45 (p = 0.01)

Total (95% CI)
Total events: 33 (treatment), 56 (control)
Test for heterogeneity: NA
Test for overall effect: z = 2.45 (p = 0.01)

Treatment
n/N

33/5168
     5168

     5168

Control
n/N

RR (random)
95% CI

56/5137
     5137

     5137

Weight
%

100.00
100.00

100.00

RR (random)
95% CI

0.59 (0.38 to 0.90)
0.59 (0.38 to 0.90)

0.59 (0.38 to 0.90)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 11 Placebo-controlled studies: statins in primary CHD prevention – chronic stable angina

Review:
Comparison:
Outcome:

Statins
25 Primary CHD: placebo-controlled studies: CHD death plus non-fatal MI
01 CHD death plus non-fatal MI

Study
or subcategory

01 Atorvastatin
 DALI86

 ASCOT-LLA102

Subtotal (95% CI)
Total events: 100 (treatment), 155 (control)
Test for heterogeneity: �2 = 0.69, df = 1 (p = 0.41), I2 = 0%
Test for overall effect: z = 3.52 (p = 0.0004)

02 Pravastatin
 CAIUS107

Subtotal (95% CI)
Total events: 2 (treatment), 2 (control)
Test for heterogeneity: NA
Test for overall effect: z =0.02 (p = 0.98)

Total (95% CI)
Total events: 102 (treatment), 157 (control)
Test for heterogeneity: �2 = 0.90, df = 2 (p = 0.64), I2 = 0%
Test for overall effect: z = 3.49 (p = 0.0005)

Treatment
n/N

    0/145
100/5168
       5313

    2/151
       151

       5464

Control
n/N

RR (random)
95% CI

    1/72
154/5137
       5209

    2/154
       154

       5363

Weight
%

0.60
97.81
98.40

1.60
1.60

100.00

RR (random)
95% CI

0.17 (0.01 to 4.04)
0.65 (0.50 to 0.83)
0.64 (0.50 to 0.82)

1.02 (0.15 to 7.15)
1.02 (0.15 to 7.15)

0.64 (0.50 to 0.82) 

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 12 Placebo-controlled studies: statins in primary CHD prevention – CHD death plus non-fatal MI
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Review:
Comparison:
Outcome:

Statins
27 Primary CHD: placebo-controlled studies: CHD death, non-fatal MI, total stroke and coronary revascularisation
01 CHD death, non-fatal MI, total stroke and coronary revascularisations

Study
or subcategory

01 Atorvastatin
 DALI86

 CARDS103

Subtotal (95% CI)
Total events: 76 (treatment), 119 (control)
Test for heterogeneity: �2 = 0.67, df = 1 (p = 0.41), I2 = 0%
Test for overall effect: z = 3.27 (p = 0.001)

02 Simvastatin
 HPS non-CHD subgroup74

Subtotal (95% CI)
Total events: 574 (treatment), 744 (control)
Test for heterogeneity: NA
Test for overall effect: z =5.16 (p < 0.00001)

Total (95% CI)
Total events: 650 (treatment), 863 (control)
Test for heterogeneity: �2 = 2.51, df = 2 (p = 0.29), I2 = 20.3%
Test for overall effect: z = 3.91 (p < 0.0001)

Treatment
n/N

    0/145
  76/1428
       1573

574/3575
       3575

       5148

Control
n/N

RR (random)
95% CI

    1/72
118/1410
       1482

744/3575
       3575

        5057

Weight
%

0.24
24.10
24.33

75.67
75.67

100.00

RR (random)
95% CI

0.17 (0.01 to 4.04)
0.64 (0.48 to 0.84)
0.63 (0.48 to 0.83)

0.77 (0.70 to 0.85)
0.77 (0.70 to 0.85)

0.73 (0.63 to 0.86)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 13 Placebo-controlled studies: statins in primary CHD prevention – CHD death, non-fatal MI, fatal or non-fatal stroke and
coronary revascularisation

Review:
Comparison:
Outcome:

Statins
06 Secondary CHD: placebo-controlled studies
01 All-cause mortality

Study
or subcategory

01 Fluvastatin
 FLORIDA109

 LIPS110

Subtotal (95% CI)
Total events: 43 (treatment), 60 (control)
Test for heterogeneity: �2 = 0.03, df = 1 (p = 0.86), I2 = 0%
Test for overall effect: z = 1.73 (p = 0.08)

02 Pravastatin
 CARE111

 LIPID112

 PLAC I113

 PLAC II95

 PREDICT114

 REGRESS115

Subtotal (95% CI)
Total events: 694 (treatment), 849 (control)
Test for heterogeneity: �2 = 4.50, df = 5 (p = 0.48), I2 = 0%
Test for overall effect: z = 4.27  (p < 0.0001)

03 Simvastatin
 4S97

 CIS98

 SCAT116

Subtotal (95% CI)
Total events: 196 (treatment), 266 (control)
Test for heterogeneity: �2 = 6.10, df = 2 (p = 0.05), I2 = 67.2%
Test for overall effect: z = 0.22 (p = 0.82)

Total (95% CI)
Total events: 933 (treatment), 1175 (control)
Test for heterogeneity: �2 = 11.93, df = 10 (p = 0.29), I2 = 16.2%
Test for overall effect: z = 3.92 (p < 0.0001)

Treatment
n/N

    7/265
  36/844
       1109

180/2081
498/4512
    4/206
    3/75
    4/347
    5/450
       7671

182/2221
    1/129
  13/230
       2580

       11,360

Control
n/N

RR (random)
95% CI

  11/275
  49/833
       1108

196/2078
633/4502
    6/202
    5/76
    1/348
    8/434
       7640

356/2223
    4/125
    6/230
       2578

       11,326

Weight
%

1.47
6.67
8.14

22.65
40.10

0.83
0.67
0.27
1.05

65.56

24.60
0.28
1.42

26.30

100.00

RR (random)
95% CI

0.66 (0.26 to 1.68)
0.73 (0.48 to 1.10)
0.71 (0.49 to 1.05)

0.92 (0.76 to 1.11)
0.78 (0.70 to 0.88)
0.65 (0.19 to 2.28)
0.61 (0.15 to 2.45)
4.01 (0.45 to 35.71)
0.60 (0.20 to 1.83)
0.81 (0.74 to 0.89)

0.71 (0.59 to 0.85)
0.24 (0.03 to 2.14)
2.17 (0.84 to 5.60)
0.90 (0.36 to 2.27)

0.80 (0.71 to 0.89)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 14 Placebo-controlled studies: statins in secondary CHD prevention – all-cause mortality



After the conclusion of the placebo-controlled
phase of the 4S trial, which lasted for a median of
5.4 years, patients were followed up for a further
5 years. During that 5-year period, when more
than 80% of patients in each group were treated
with lipid-lowering drugs, the relative risks of
mortality were close to unity. However, over the
whole 10.4-year period, the original simvastatin
group had a reduced risk of all-cause and CHD
mortality relative to the original placebo group,117

suggesting that benefit may be gained from earlier
rather than deferred statin therapy. 

Assessment of effectiveness of statins in patients
with CVD (including CHD) at baseline (secondary
CVD prevention)
The evidence for the effectiveness of statins in
patients with prior CVD is derived primarily from
the studies of statins in secondary CHD
prevention discussed in the section ‘Assessment of
effectiveness of statins in patients free of CHD at
baseline (primary CHD prevention)’ (p. 31).
However, it also draws on the findings of three
relatively small studies (Mohler 2003,21 Aronow
2003118 and Mondillo 2003105) in patients with
intermittent claudication. In addition, ASCOT-

LLA and WOSCOPS reported data relating to
subgroups with vascular disease at baseline;
however, these results should be treated with
caution because, as noted above, the subgroup
analysis from WOSCOPS is not, and that from
ASCOT-LLA may not be, a true randomised
comparison.

It might be argued that two of the three studies in
patients with intermittent claudication21,105 may be
classified as primary CHD prevention, as they do
not specify whether any participants had CHD at
baseline. However, since all of the participants in
these studies had symptomatic CVD at baseline, it
seemed more appropriate to categorise them as
secondary CVD prevention.

As the additional studies are small, and do not
report data relating to all end-points, the changes
to the tabulation of the effects of statins in
secondary CHD prevention are few and so small as
to be barely worth mentioning (see Appendix 11). 

The two studies that reported subgroup data did
so in a form that did not allow them to be
included in the meta-analysis. Both provided data
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Review:
Comparison:
Outcome:

Statins
31 Secondary CHD: placebo-controlled studies: cardiovascular mortality
01 Cardiovascular mortality

Study
or subcategory

01 Fluvastatin
 FLORIDA109

Subtotal (95% CI)
Total events: 6 (treatment), 11 (control)
Test for heterogeneity: NA
Test for overall effect: z = 1.14 (p = 0.26)

02 Pravastatin
 PLAC I113

 CARE111

 LIPID112

Subtotal (95% CI)
Total events: 446 (treatment), 566 (control)
Test for heterogeneity: �2 = 0.78, df = 2 (p = 0.68), I2 = 0%
Test for overall effect: z = 3.96  (p < 0.0001)

03 Simvastatin
 4S97

 CIS98

Subtotal (95% CI)
Total events: 137 (treatment), 209 (control)
Test for heterogeneity: �2 = 0.06, df = 1 (p = 0.80), I2 = 0%
Test for overall effect: z = 3.98 (p < 0.0001)

Total (95% CI)
Total events: 589 (treatment), 786 (control)
Test for heterogeneity: �2 = 3.35, df = 5 (p = 0.65), I2 = 0%
Test for overall effect: z = 5.51 (p < 0.00001)

Treatment
n/N

    6/265
       265

    3/206
112/2081
  33/4512
       6799

136/2221
    1/129
       2350

       9414

Control
n/N

RR (random)
95% CI

  11/275
       275

    3/202
130/2078
433/4502
       6782

207/2223
    2/125
       2348

       9405

Weight
%

1.10
1.10

0.42
17.58
56.32
74.32

24.39
0.19

24.58

100.00

RR (random)
95% CI

0.57 (0.21 to 1.51)
0.57 (0.21 to 1.51)

0.98 (0.20 to 4.80)
0.86 (0.67 to 1.10)
0.76 (0.67 to 0.87)
0.79 (0.70 to 0.89)

0.66 (0.53 to 0.81)
0.48 (0.04 to 5.28)
0.66 (0.53 to 0.81)

0.75 (0.68 to 0.83)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 15 Placebo-controlled studies: statins in secondary CHD prevention – CVD mortality



relating to the effect of statins on the composite
end-point of CHD death plus non-fatal MI: in the
ASCOT-LLA CVD subgroup, the investigators
calculated the unadjusted hazard ratio to be 0.80
(0.45 to 1.42, p = 0.4376), while in WOSCOPS the
risk reduction was calculated to be 29% (–4 to
51%, p = 0.075). Both results are broadly similar
to the relative risk of 0.74 (95% CI 0.68 to 0.79)
calculated in the present meta-analysis.

Placebo-controlled studies: summary of results
The results reported above, and summarised in
Table 16, suggest that, relative to placebo, in both
primary and secondary prevention, statin therapy
is associated with a statistically significant
reduction in the risk of all-cause mortality and
non-fatal MI, and of a composite end-point of
CHD death plus non-fatal MI; in primary
prevention, it is also associated with a reduction in
the risk of stable angina. In secondary prevention,
statin therapy is associated with a statistically

significant reduction in the risk of cardiovascular
mortality, CHD mortality, fatal MI, non-fatal
stroke, PAD, unstable angina and coronary
revascularisation. As the confidence intervals for
each outcome in each prevention category
overlap, it is not possible to differentiate, in terms
of relative risk, between the effectiveness of statins
in primary and secondary prevention. 

Although there is no significant difference, in terms
of relative risk, between the effectiveness of statins
in primary and secondary prevention, there is a
difference in terms of absolute risk reduction, and
therefore in terms of the number needed to treat to
avoid an event. Because, as noted in the section
‘Meta-analysis strategy’ (p. 20), both absolute risk
and numbers needed to treat include a time
dimension, it is not possible to base those estimates
on data from all the studies that have been
combined in the meta-analyses of relative risk, as
these vary in length. Therefore, for primary CHD
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36

Review:
Comparison:
Outcome:

Statins
32 Secondary CHD: placebo-controlled studies: CHD mortality
01 CHD mortality

Study
or subcategory

01 Fluvastatin
 FLARE108

 LiSA93

 FLORIDA109

 LIPS110

Subtotal (95% CI)
Total events: 20 (treatment), 44 (control)
Test for heterogeneity: �2 = 0.99, df = 3 (p = 0.80), I2 = 0%
Test for overall effect: z = 2.84 (p = 0.004)

02 Pravastatin
 PLAC I113

 REGRESS115

 CARE111

 LIPID112

Subtotal (95% CI)
Total events: 389 (treatment), 500 (control)
Test for heterogeneity: �2 = 0.34, df = 3 (p = 0.95), I2 = 0%
Test for overall effect: z = 3.88  (p = 0.0001)

03 Simvastatin
 4S97

 MAAS100

 CIS98

 SCAT116

Subtotal (95% CI)
Total events: 123 (treatment), 199 (control)
Test for heterogeneity: �2 = 3.47, df = 3 (p = 0.32), I2 = 13.5%
Test for overall effect: z = 1.75 (p = 0.08)

Total (95% CI)
Total events: 532 (treatment), 743 (control)
Test for heterogeneity: �2 = 10.71, df = 11 (p = 0.47), I2 = 0%
Test for overall effect: z = 6.00 (p < 0.00001)

Treatment
n/N

    3/409
    2/187
    2/265
  13/844
       1705

    3/206
    3/450
  96/2081
287/4512
       7249

111/2221
    4/193
    1/129
    7/230
       2773

       11,727

Control
n/N

RR (random)
95% CI

    7/425
    4/178
    9/275
  24/833
       1711

    3/202
    5/434
119/2078
373/4502
       7216

189/2223
    4/188
    2/125
    4/230
       2766

       11,693

Weight
%

0.65
0.41
0.51
2.62
4.19

0.46
0.58

17.08
53.31
71.43

22.76
0.62
0.21
0.79

24.38

100.00

RR (random)
95% CI

0.45 (0.12 to 1.71)
0.48 (0.09 to 2.57)
0.23 (0.05 to 1.06)
0.53 (0.27 to 1.04)
0.46 (0.27 to 0.79)

0.98 (0.20 to 4.80)
0.58 (0.14 to 2.41)
0.81 (0.62 to 1.05)
0.77 (0.66 to 0.89)
0.78 (0.68 to 0.88)

0.59 (0.47 to 0.74)
0.97 (0.25 to 3.84)
0.48 (0.04 to 5.28)
1.75 (0.52 to 5.90)
0.69 (0.45 to 1.05)

0.72 (0.64 to 0.80)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 16 Placebo-controlled studies: statins in secondary CHD prevention – CHD mortality



prevention, absolute risk and numbers needed to
treat were derived from the largest study of primary
CHD prevention, the ASCOT-LLA study, which has
a median follow-up of 3.3 years (Table 17). 

Numbers needed to treat to avoid key outcomes
were also calculated for the three largest studies of
secondary CHD prevention: 4S, CARE and LIPID
(Table 18). The length of time to which the
treatment effect applies is 5.0 years for CARE,
5.4 years for 4S and 6.1 years for LIPID.

Unfortunately, the studies included in Tables 17 and
18 do not provide data on the number of patients
suffering CHD mortality, non-fatal MI or any
stroke, so the number needed to treat to avoid any
of these three outcomes cannot be calculated, as the
addition of the figures relating to patients who had
suffered a stroke to the total of patients who 
had suffered CHD death or a non-fatal MI would
incur the risk of double-counting.

Because the studies differ in length, the absolute
risk reduction and numbers needed to treat 
relate to different lengths of time. Nonetheless, 
it is clear that the number of people needed to
treat to avoid an event is lower in secondary
prevention than in primary prevention, even
though the ASCOT-LLA population was a
primary prevention population which was at
relatively high risk of a cardiovascular event. At
first sight, it seems surprising that the absolute
risk of CHD mortality or non-fatal MI is so much
higher, and the number needed to treat to avoid
such an event consequently considerably smaller,
in the 4S study compared with the CARE and
LIPID trials. This does not seem to be due to
differences in the study populations, and is more
likely to be due to the level of cross-over in those
trials: fewer than 1% of patients in 4S who were
randomised to placebo received lipid-lowering
drugs,97 compared with 8% in CARE111 and 24%
in LIPID.112
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Review:
Comparison:
Outcome:

Statins
35 Secondary CHD: placebo-controlled studies: fatal MI
01 Fatal MI

Study
or subcategory

01 Fluvastatin
 LiSA93

 FLORIDA109

Subtotal (95% CI)
Total events: 2 (treatment), 6 (control)
Test for heterogeneity: �2 = 0.71, df = 1 (p = 0.40), I2 = 0%
Test for overall effect: z = 1.08 (p = 0.28)

02 Pravastatin
 PLAC I113

 REGRESS115

 CARE111

 PREDICT114

 LIPID112

Subtotal (95% CI)
Total events: 80 (treatment), 129 (control)
Test for heterogeneity: �2 = 1.21, df = 4 (p = 0.88), I2 = 0%
Test for overall effect: z = 3.40  (p = 0.0007)

03 Simvastatin
 4S97

 MAAS100

 SCAT116

Subtotal (95% CI)
Total events: 32 (treatment), 66 (control)
Test for heterogeneity: �2 = 0.27, df = 2 (p = 0.87), I2 = 0%
Test for overall effect: z = 3.38 (p = 0.0007)

Total (95% CI)
Total events: 114 (treatment), 201 (control)
Test for heterogeneity: �2 = 3.19, df = 9 (p = 0.96), I2 = 0%
Test for overall effect: z = 4.81 (p < 0.00001)

Treatment
n/N

    2/187
    0/265
       452

    1/206
    1/450
  24/2081
    1/347
  53/4512
       7596

  30/2221
    1/193
    1/230
       2644

       10,692

Control
n/N

RR (random)
95% CI

  3/178
  3/275
     453

  1/202
  1/434
38/2078
  0/348
89/4502
     7564

63/2223
  2/188
  1/230
     2641

     10,658

Weight
%

1.65
0.60
2.25

0.68
0.68

20.29
0.51

45.84
68.01

28.15
0.91
0.68

29.74

100.00

RR (random)
95% CI

0.63 (0.11 to 3.75)
0.15 (0.01 to 2.86)
0.43 (0.09 to 1.98)

0.98 (0.06 to 15.57)
0.96 (0.06 to 15.37)
0.63 (0.38 to 1.05)
3.01 (0.12 to 73.60)
0.59 (0.42 to 0.83)
0.62 (0.47 to 0.82)

0.48 (0.31 to 0.73)
0.49 (0.04 to 5.33)
1.00 (0.06 to 15.89)
0.49 (0.32 to 0.74)

0.57 (0.45 to 0.72)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 17 Placebo-controlled studies: statins in secondary CHD prevention – fatal MI



It is important that patients with CHD risk factors
other than, or additional to, elevated cholesterol
levels should receive appropriate treatment for
those risk factors, both because of their potential
contribution to CHD risk and because they may
also be associated with other health problems 
(as in the case of smoking and lung cancer, or
diabetes and diabetic retinopathy and neuropathy).
However, it is not clear to what extent optimising
the treatment of CHD risk factors other than
cholesterol impacts on the effectiveness of statins.
One placebo-controlled trial, ASCOT-LLA,
recruited hypertensive patients with total
cholesterol concentrations of 6.5 mmol l–1 or
lower; these patients received aggressive
antihypertensive therapy.102 In that study, the
relative risk of CHD death plus non-fatal MI 
(0.65, 95% CI 0.50 to 0.83) was comparable with
the overall result of the meta-analysis (RR 0.74,
95% CI 0.71 to 0.77; see Figure 7).

Placebo-controlled studies: results from
Bayesian meta-analysis
A Bayesian meta-analysis was undertaken in
addition to the classical meta-analysis reported in
the preceding sections. The Bayesian evidence
synthesis provides the same inputs to the model as
the classical meta-analysis; namely, the relative risk
of the effect of statins for the event states in the
model. The Bayesian method has the important
benefit of being able to incorporate correlations
between outcomes in the subsequent economic
analysis. 

Since some of the five events are mutually
exclusive, conditional relative risks were
considered as shown in Table 19.

The relative risks from the Bayesian analysis are
generally similar to those from the standard meta-
analysis, given in the first column of Table 16. 
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Review:
Comparison:
Outcome:

Statins
36 Secondary CHD: placebo-controlled studies: non-fatal MI
01 Non-fatal MI

Study
or subcategory

01 Fluvastatin
 FLARE108

 LiSA93

 LIPS110

Subtotal (95% CI)
Total events: 33 (treatment), 49 (control)
Test for heterogeneity: �2 = 1.97, df = 2 (p = 0.37), I2 = 0%
Test for overall effect: z = 1.67 (p = 0.09)

02 Pravastatin
 PLAC I113

 REGRESS115

 CARE111

 PREDICT114

Subtotal (95% CI)
Total events: 200 (treatment), 263 (control)
Test for heterogeneity: �2 = 2.37, df = 3 (p = 0.50), I2 = 0%
Test for overall effect: z = 3.05  (p = 0.002)

03 Simvastatin
 4S97

 CIS98

 SCAT116

Subtotal (95% CI)
Total events: 175 (treatment), 284 (control)
Test for heterogeneity: �2 = 2.87, df = 2 (p = 0.24), I2 = 30.2%
Test for overall effect: z = 1.67 (p = 0.10)

Total (95% CI)
Total events: 408 (treatment), 596 (control)
Test for heterogeneity: �2 = 9.82, df = 9 (p = 0.37), I2 = 8.3%
Test for overall effect: z = 5.06 (p < 0.00001)

Treatment
n/N

    3/409
    0/187
  30/844
       1440

    7/206
    7/450
182/2081
    4/347
       3084

164/2221
    1/129
  10/230
       2580

       7104

Control
n/N

RR (random)
95% CI

  10/425
    1/178
  38/833
       1436

  16/202
  12/434
231/2078
    4/348
       3062

270/2223
    5/125
    9/230
       2578

       7076

Weight
%

1.28
0.21
8.92

10.41

2.77
2.45

40.12
1.11

46.45

40.00
0.47
2.68

43.15

100.00

RR (random)
95% CI

0.31 (0.09 to 1.12)
0.32 (0.01 to 7.74)
0.78 (0.49 to 1.25)
0.69 (0.45 to 1.07)

0.43 (0.18 to 1.02)
0.56 (0.22 to 1.42)
0.79 (0.65 to 0.95)
1.00 (0.25 to 3.98)
0.76 (0.64 to 0.91)

0.61 (0.51 to 0.73)
0.19 (0.02 to 1.64)
1.11 (0.46 to 2.68)
0.66 (0.40 to 1.08)

0.69 (0.59 to 0.79)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 18 Placebo-controlled studies: statins in secondary CHD prevention – non-fatal MI
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Review:
Comparison:
Outcome:

Statins
37 Secondary CHD: placebo-controlled studies: unstable angina
01 Unstable angina

Study
or subcategory

Treatment
n/N

    1/187
       187

317/2081
       2081

568/2221
       2221

       4489

Control
n/N

RR (random)
95% CI

    5/178
       178

359/2078
       2078

725/2223
       2223

       4479

Weight
%

0.39
0.39

42.37
42.37

56.87
56.87

100.00

RR (random)
95% CI

0.19 (0.02 to 1.61)
0.19 (0.02 to 1.61)

0.88 (0.77 to 1.01)
0.88 (0.77 to 1.01)

0.78 (0.71 to 0.86)
0.78 (0.71 to 0.86)

0.82 (0.72 to 0.94)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

01 Fluvastatin
 LiSA93

Subtotal (95% CI)
Total events: 1 (treatment), 5 (control)
Test for heterogeneity: NA
Test for overall effect: z = 1.52 (p = 0.13)

02 Pravastatin
 CARE111

Subtotal (95% CI)
Total events: 317 (treatment), 359 (control)
Test for heterogeneity: NA
Test for overall effect: z = 1.78  (p = 0.07)

03 Simvastatin
 4S97

Subtotal (95% CI)
Total events: 568 (treatment), 725 (control)
Test for heterogeneity: NA
Test for overall effect: z = 5.14 (p < 0.00001)

Total (95% CI)
Total events: 886 (treatment), 1089 (control)
Test for heterogeneity: �2 = 3.68, df = 2 (p = 0.16), I2 = 45.7%
Test for overall effect: z = 2.90 (p = 0.004)

FIGURE 19 Placebo-controlled studies: statins in secondary CHD prevention – unstable angina

Review:
Comparison:
Outcome:

Statins
37 Secondary CHD: placebo-controlled studies: unstable angina
01 Patients hospitalised for unstable angina

Study
or subcategory

Treatment
n/N

1005/4512
         4512

      8/129
    30/230
         359

         4871

Control
n/N

RR (random)
95% CI

1106/4502
         4502

      8/125
    39/230
         355

         4857

Weight
%

96.60
96.60

0.60
2.80
3.40

100.00

RR (random)
95% CI

0.91 (0.84 to 0.98)
0.91 (0.84 to 0.98)

0.97 (0.38 to 2.50)
0.77 (0.50 to 1.19)
0.80 (0.54 to 1.19)

0.90 (0.84 to 0.97)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

01 Pravastatin
 LIPID112

Subtotal (95% CI)
Total events: 1005 (treatment), 1106 (control)
Test for heterogeneity: NA
Test for overall effect: z = 2.57  (p = 0.01)

02 Simvastatin
 CIS98

 SCAT116

Subtotal (95% CI)
Total events: 38 (treatment), 47 (control)
Test for heterogeneity: �2 = 0.19, df = 1 (p = 0.66), I2 = 0%
Test for overall effect: z = 1.09 (p < 0.28)

Total (95% CI)
Total events: 1043 (treatment), 1153 (control)
Test for heterogeneity: �2 = 0.54, df = 2 (p = 0.76), I2 = 0%
Test for overall effect: z = 2.73 (p = 0.006)

FIGURE 20 Placebo-controlled studies: statins in secondary CHD prevention – hospitalisation for unstable angina



In the case of relative risk of CVD death in 
Table 18, this is the risk of CVD death having
excluded CHD death and is therefore most
comparable with stroke mortality from Table 16. 
In both cases the confidence intervals cross 1,
indicating that the impact is non-significant.

Placebo-controlled studies: discussion of results
The results from the placebo-controlled trials are
likely to be conservative as a result of the degree of
cross-over (use of lipid-lowering therapies, in
particular statins, in the placebo arm, and non-
compliance with study therapy in the statin arm)
reported in many studies. In some studies, the use
of lipid-lowering therapy in the placebo arm was
preplanned. For example, in ASCOT-LLA,
patients whose dyslipidaemia was judged by their

physician to require additional lipid-lowering
therapy could receive open-label treatment in
addition to trial treatment: after 3 years of follow-
up, 9% of the placebo group had been prescribed
open-label statins.102 Similarly, in LIPS, patients
whose total cholesterol exceeded 7.2 mmol l–1 for
3 months or longer could discontinue study
therapy at the investigator’s discretion and receive
an open-label statin or other lipid-lowering
therapy. As a result, 10.7% of patients in the
treatment arm and 24% in the placebo arm started
taking other lipid-lowering medications (mainly
statins) before their first major adverse cardiac
event or completion of follow-up.110 In the LIPID
study, although study personnel and patients
remained unaware of lipid results from the core
laboratory,119 the patient’s general care was at the
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Review:
Comparison:
Outcome:

Statins
06 Secondary CHD: placebo-controlled studies
02 Non-fatal stroke

Study
or subcategory

Treatment
n/N

  42/2081
147/4512
    0/206
       6799

       6799

Control
n/N

RR (random)
95% CI

  71/2078
177/4502
    2/202
       6782

       6782

Weight
%

37.47
61.54

0.99
100.00

100.00

RR (random)
95% CI

0.59 (0.41 to 0.86)
0.83 (0.67 to 1.03)
0.20 (0.01 to 4.06)
0.72 (0.53 to 0.97)

0.72 (0.53 to 0.97)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

01 Pravastatin
 CARE111

 LIPID112

 PLAC I113

Subtotal (95% CI)
Total events: 189 (treatment), 250 (control)
Test for heterogeneity: �2 = 3.11, df = 2 (p = 0.21), I2 = 35.8%
Test for overall effect: z = 2.13  (p = 0.03)

Total (95% CI)
Total events: 189 (treatment), 250 (control)
Test for heterogeneity: �2 = 3.11, df = 2 (p = 0.21), I2 = 35.8%
Test for overall effect: z = 2.13 (p = 0.03)

FIGURE 21 Placebo-controlled studies: statins in secondary CHD prevention – non-fatal stroke

Review:
Comparison:
Outcome:

Statins
39 Secondary CHD: placebo-controlled studies: new or worsening intermittent claudication
01 New or worsening intermittent claudication

Study
or subcategory

Treatment
n/N

52/2221
     2221

     2221

Control
n/N

RR (random)
95% CI

81/2223
     2223

     2223

Weight
%

100.00
100.00

100.00

RR (random)
95% CI

0.64 (0.46 to 0.91)
0.64 (0.46 to 0.91)

0.64 (0.46 to 0.91)

0.1 0.2
Favours treatment Favours control
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03 Simvastatin
 4S97

Subtotal (95% CI)
Total events: 52 (treatment), 81 (control)
Test for heterogeneity: NA
Test for overall effect: z = 2.53  (p = 0.01)

Total (95% CI)
Total events: 52 (treatment), 81 (control)
Test for heterogeneity: NA
Test for overall effect: z = 2.53 (p = 0.01)

FIGURE 22 Placebo-controlled studies: statins in secondary CHD prevention – new or worsening intermittent claudication



discretion of the patient’s own doctor, and this
allowed changes in lipid treatment to be made in
the light of local cholesterol results.120 The
investigators recognised that the difference in the
incidence of events between treatment groups was
likely to have been reduced by the large numbers
of patients in the placebo group who ultimately
received cholesterol-lowering therapy outside the
study combined with those in the pravastatin
group who discontinued treatment.112

In other studies, the use of lipid-lowering drugs in
the placebo arm was not preplanned. When the
results of 4S were published in 1994 (less than half
way through SCAT), the SCAT investigators
deemed it unethical to keep on placebo patients
whose total cholesterol persistently exceeded
5.5 mmol l–1. Consequently, the protocol was
modified to permit such patients to be identified
and reallocated, in a double-blind fashion, to
simvastatin. It is not stated how many patients this
affected.116 In addition, in LIPS, there was
anecdotal evidence that many patients were aware
of their total cholesterol levels as these had been
tested by primary care physicians who were not

involved in LIPS; as a result, these patients were
no longer blinded to their treatment allocation.91

Only two studies reported mean statin use in both
the placebo and treatment arms, enabling an
estimate of the extent to which the intention-to-
treat (ITT) analysis might underestimate the full
potential effect of statin treatment. In HPS,
average statin use during the scheduled treatment
period was said to be 85% in the simvastatin-
allocated group and 17% in the placebo-allocated
group; thus, the average absolute difference in
statin use between all those randomised to
simvastatin and all those randomised to placebo
was 67% (85 – 17%), suggesting that the ITT
analyses represent the effects of about two-thirds
of the statin group taking 40 mg per day
simvastatin.74 However, non-study statin use in the
placebo arm was not random, but was more
common in patients with diagnosed CHD at entry,
in younger participants and, particularly, in those
with higher baseline total cholesterol or LDL-C,
and therefore the reduction in the apparent effect
of therapy in the statin arm may be even greater
than suggested. In CARDS, mean non-compliance
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Review:
Comparison:
Outcome:

Statins
42 Secondary CHD: placebo-controlled studies: CABG or PTCA
01 CABG or PTCA

Study
or subcategory

01 Fluvastatin
 LiSA93

 LIPS110

Subtotal (95% CI)
Total events: 167 (treatment), 193 (control)
Test for heterogeneity: NA
Test for overall effect: z = 1.68 (p = 0.09)

02 Pravastatin
 CARE111

 PREDICT114

 LIPID112

Subtotal (95% CI)
Total events: 945 (treatment), 174 (control)
Test for heterogeneity: �2 = 1.55, df = 2 (p = 0.46), I2 = 0%
Test for overall effect: z = 5.43  (p < 0.00001)

03 Simvastatin
 4S97

 CIS98

 SCAT116

Subtotal (95% CI)
Total events: 270 (treatment), 415 (control)
Test for heterogeneity: �2 = 2.01, df = 2 (p = 0.37), I2 = 0.5%
Test for overall effect: z = 5.67 (p < 0.00001)

Total (95% CI)
Total events: 1382 (treatment), 1782 (control)
Test for heterogeneity: �2 = 11.10, df = 6 (p = 0.09), I2 = 46.0%
Test for overall effect: z = 4.94 (p < 0.00001)

Treatment
n/N
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0.77 (0.69 to 0.85)
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FIGURE 23 Placebo-controlled studies: statins in secondary CHD prevention – coronary revascularisation



in the study arm was 15% and mean statin use in
the placebo arm 9%,103 suggesting a potential
reduction of 24% in the treatment effect.

The generalisability of the results reported above
is limited by the exclusion, in some studies, of
patients who were hypersensitive to or intolerant
of statins,93,121,122 who were known to be
unresponsive to statins,74,115,122,123 or who were not
adequately compliant with study medication during
a placebo run-in phase.120,121 A considerable
proportion of potential participants may have
been excluded in this way: in HPS, around 30% of
those who entered the run-in phase either chose
not to continue in the study or were deemed
unlikely to be compliant in the long term.121

Direct statin–statin comparisons
Quantity and quality of research available: direct
statin–statin comparisons
Three studies were identified which directly
compared two different statins and which reported
clinical outcomes. All three were in patients with
symptomatic CHD. The 3T study compared

atorvastatin with simvastatin in adults with CHD
and dyslipidaemia.83 PROVE IT-TIMI compared
atorvastatin with pravastatin in patients who had
been hospitalised with acute coronary syndrome
(either AMI or high-risk unstable angina) in the
previous 10 days.124 The REVERSAL study
compared atorvastatin with pravastatin in patients
requiring coronary angiography for a clinical
indication.90 (For further details of these studies,
see Appendix 12.)

A further two studies of 6 months or longer were
identified which compared the LDL-C-lowering
efficacy of rosuvastatin (5 and 10 mg) with that of
atorvastatin in patients with hypercholesterolaemia
in northern Europe (study 4522IL/0026125) and
with that of pravastatin or simvastatin in similar
patients in the USA (study 4522IL/0028126). These
studies did not report clinical outcomes. In both
studies, each statin was started at the lowest stated
dose, and this dose was maintained for a 12-week
period. During the following 40-week period, the
dose could be sequentially doubled at weeks 12,
20, 28, 36 and 44 in study 4522IL/0026,125 and at
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Review:
Comparison:
Outcome:

Statins
43 Secondary CHD: placebo-controlled studies: CHD death plus non-fatal MI
01 Non-fatal MI

Study
or subcategory

01 Fluvastatin
 FLARE108

 LiSA93

 LIPS110

Subtotal (95% CI)
Total events: 50 (treatment), 82 (control)
Test for heterogeneity: �2 = 1.91, df = 2 (p = 0.39), I2 = 0%
Test for overall effect: z = 2.76 (p = 0.006)

02 Pravastatin
 CARE111

 LIPID112

Subtotal (95% CI)
Total events: 769 (treatment), 989 (control)
Test for heterogeneity: �2 = 0.00, df = 1 (p = 0.95), I2 = 0%
Test for overall effect: z = 5.66  (p < 0.00001)

03 Simvastatin
 4S97

 CIS98

Subtotal (95% CI)
Total events: 433 (treatment), 629 (control)
Test for heterogeneity: �2 = 1.34, df = 1 (p = 0.25), I2 = 25.4%
Test for overall effect: z = 1.57 (p = 0.12)

Total (95% CI)
Total events: 1252 (treatment), 1700 (control)
Test for heterogeneity: �2 = 7.03, df = 6 (p = 0.32), I2 = 14.6%
Test for overall effect: z = 7.38 (p < 0.00001)
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FIGURE 24 Placebo-controlled studies: statins in secondary CHD prevention – CHD death plus non-fatal MI
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TABLE 16 Placebo-controlled trials of statin therapy: relative risk of event by prevention category (95% CI)

Outcome All studies Primary CVD Primary CHD Secondary CHD Secondary CVD 
prevention prevention prevention prevention

All-cause mortality 0.84 0.73 0.83 0.80 0.80 
(0.78 to 0.90)a (0.53 to 1.01) (0.70 to 0.98)a (0.71 to 0.89)a (0.71 to 0.89)a

Cardiovascular mortality 0.79 0.67 0.83 0.75 0.75 
(0.74 to 0.85)a (0.40 to 1.10) (0.63 to 1.08) (0.68 to 0.83)a (0.68 to 0.83)a

CHD mortality 0.77 0.86 0.86 0.72 0.72 
(0.72 to 0.83)a (0.49 to 1.52) (0.49 to 1.52) (0.64 to 0.80)a (0.64 to 0.80)a

Stroke mortality 0.92 0.20 0.20 1.07 1.08 
(0.74 to 1.14) (0.02 to 1.69) (0.02 to 1.69) (0.67 to 1.71) (0.67 to 1.72)

Non-fatal stroke 0.75 0.66 0.66 0.72 0.75
(0.63 to 0.90) (0.38 to 1.15) (0.38 to 1.15) (0.53 to 0.97)a (0.59 to 0.95)

TIA 0.79 No data No data 0.66 0.66
(0.68 to 0.91) (0.37 to 1.17) (0.37 to 1.17)

PAD 0.61 No data 0.59 0.64 0.58
(0.13 to 2.78) (0.66 to 1.56) (0.46 to 0.91) (0.42 to 0.80)a

Fatal MI 0.55 0.60 0.60 0.57 0.57
(0.44 to 0.67)a (0.12 to 3.04) (0.12 to 3.04) (0.45 to 0.72)a (0.45 to 0.72)a

Non-fatal MI 0.70 0.60 0.58 0.69 0.69
(0.63 to 0.77)a (0.37 to 0.97)a (0.36 to 0.94)a (0.59 to 0.79)a (0.61 to 0.78)a

Stable angina 0.59 No data 0.59 No data No data
(0.38 to 0.90)a (0.38 to 0.90)a

Unstable angina 0.82 0.77 0.87 0.82 0.82
(0.74 to 0.90)a (0.29 to 2.06) (0.53 to 1.43) (0.72 to 0.94)a (0.72 to 0.94)a

Patients hospitalised for 0.88 No data No data 0.90 0.90
unstable angina (0.84 to 0.94)a (0.84 to 0.97)a (0.84 to 0.97)a

CABG 0.74 No data No data 0.76 0.76
(0.67 to 0.82)a (0.66 to 0.87)a (0.66 to 0.87)a

PTCA 0.78 No data No data 0.79 0.79
(0.68 to 0.90)a (0.67 to 0.94)a (0.67 to 0.94)a

CABG + PTCA 0.75 0.72 0.72 0.77 0.77
(0.70 to 0.81)a (0.49 to 1.21) (0.43 to 1.21) (0.69 to 0.85)a (0.69 to 0.85)a

CHD death plus 0.74 0.66 0.64 0.73 0.74
non-fatal MI (0.71 to 0.77)a (0.46 to 0.96)a (0.50 to 0.82)a (0.68 to 0.80)a (0.69 to 0.79)a

a Statistically significant (p < 0.05).

TABLE 17 Primary CHD prevention: absolute risk reduction and NNT

ASCOT-LLA study Risk of event in Absolute risk reduction NNT for approximately 
placebo arm (95% CI) 3 years to avoid an

event (95% CI)

All-cause mortality 4.13% 0.55% (–0.20 to 1.29) 183a

CHD mortality NR
Total stroke 2.36% 0.63% (0.09 to 1.18) 158 (84.8 to 1141.4)
CHD mortality + non-fatal MI 3.00% 1.06% (0.46 to 1.66) 95 (60.2 to 215.5)

a CIs not calculated because the 95% CI for the absolute risk reduction extends from a negative number (indicating that
treatment may be harmful) to a positive number (indicating that treatment may be beneficial).



weeks 20, 28, 36 and 44 in study 4522IL/0028,126

up to the maximum stated dose (for details, see
Appendix 12). 

In study 4522IL/0026, mean doses over the 
40-week titration period were as follows:

● group 1: 9.3 mg per day rosuvastatin
● group 2: 13.4 mg per day rosuvastatin 
● group 3: 20.8 mg per day atorvastatin.125

In study 4522IL/0028, mean doses over the 
40-week titration period were as follows:

● group 1: not reported
● group 2: 13.8 mg per day rosuvastatin
● group 3: 32.6 mg per day pravastatin 
● group 4: 36.3 mg per day simvastatin.126

Assessment of effectiveness: direct statin–statin
comparisons
Although the PROVE IT-TIMI and REVERSAL
studies compared the same interventions, it was

not possible to combine their results in a meta-
analysis because PROVE IT-TIMI only reported
the percentage of patients in each arm, rather
than the number, who experienced an event. The
results of the individual studies are therefore
summarised in Table 20. 

Rosuvastatin appeared to be more effective than
atorvastatin, pravastatin and simvastatin in
reducing total cholesterol and LDL-C (Table 21).
However, it should be noted that the study
investigators were able to increase the dose of
rosuvastatin to 80 mg, a dose that is not licensed
in the UK; the other statins were used within their
current licensed doses.

Direct statin–statin comparisons: discussion
As may be seen, the only statistically significant
results are those reported by the PROVE IT-TIMI
investigators for hospitalisations for unstable
angina, coronary revascularisations and two
composite end-points; in each case, the results
favour atorvastatin. However, no significant
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TABLE 18 Secondary CHD prevention: absolute risk reduction and NNT

Study/outcome Risk of event in Absolute risk reduction NNT to avoid an event 
placebo arm (95% CI) (95% CI)

4S
All-cause mortality 11.52% 3.32% (1.57 to 5.07) 31 (19.7 to 63.6)
CHD mortality 8.50% 3.50% (2.03 to 4.98) 29 (20.1 to 49.2)
Total stroke NR
CHD mortality + non-fatal MI 27.98% 8.57% (6.09 to 11.06) 12 (9.0 to 16.4)

CARE
All-cause mortality 9.43% 0.78% (–0.96 to 2.53) 128a

CHD mortality 5.73% 1.11% (–0.23 to 2.46) 90a

Total stroke 3.66% 1.16% (0.11 to 2.21) 87 (45.3 to 915.6)
CHD mortality + non-fatal MI 13.19% 3.00% (1.05 to 4.95) 34 (20.2 to 95.5)

LIPID
All-cause mortality 14.06% 3.02% (1.66 to 4.39) 34 (22.8 to 60.4)
CHD mortality 8.29% 1.92% (0.85 to 3.00) 52 (33.3 to 117.7)
Total stroke 4.53% 0.79% (–0.04 to 1.61) 128a

CHD mortality + non-fatal MI 15.88% 3.54% (2.10 to 4.97) 29 (20.1 to 47.6)

a CIs not calculated because the 95% CI for the absolute risk reduction extends from a negative number (indicating that
treatment may be harmful) to a positive number (indicating that treatment may be beneficial).

TABLE 19 Relative risks from Bayesian meta-analysis

No. of trials Mean 2.5th Median 97.5th 
percentile percentile

RR of CHD death 27 0.740 0.640 0.741 0.824
RR of CVD death, conditional on no CHD death 12 0.854 0.601 0.851 1.106
RR of unstable angina, conditional on no death 7 0.716 0.293 0.754 0.990
RR of non-fatal MI, conditional on no death 24 0.656 0.553 0.657 0.746
RR of non-fatal stroke, conditional on no death 11 0.769 0.634 0.769 0.906



difference was found between atorvastatin and
pravastatin in terms of the most important
composite end-point, CHD mortality plus non-
fatal MI. The investigators found the results of the
PROVE IT-TIMI study difficult to interpret
because of the difficulty, if not impossibility, of
determining whether any benefit seen in the
atorvastatin group was due solely to the aggressive
reduction in LDL-C, compared with the moderate

reduction achieved with the lower dose of
pravastatin (median LDL-C fell from 2.74 mmol l–1

in each group to 2.46 mmol l–1 in the pravastatin
group and 1.60 mmol l–1 in the atorvastatin
group, p < 0.001), or to individual or inherent
differences in the statins themselves.124 In
practice, however, this seems to be of little
relevance as both statins were used at their
maximum licensed dose.
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TABLE 20 Direct statin–statin comparisons: statins in secondary CHD prevention: relative risk, or relative risk reduction, of event with
atorvastatin compared with pravastatin or simvastatin

Outcome 3T: atorvastatin PROVE IT-TIMI: REVERSAL: 
20–40 mg per day vs atorvastatin 80 mg per day atorvastatin 80 mg 
simvastatin 20–40 mg vs pravastatin 40 mg per day per day vs 
per day (risk reductions pravastatin 40 mg 

calculated by investigators) per day

All-cause mortality NR 28%, p = 0.07 1.00 (0.06 to 15.92)

Total stroke 2.90 (0.12 to 70.97) –9%, ns 1.00 (0.06 to 15.92)

Total MI 0.32 (0.01 to 7.89) 13%, ns 0.57 (0.17 to 1.93)

Hospitalisation for unstable angina NR 29%, p = 0.02 NR

Coronary revascularisations NR 14%, p = 0.04 NR

CHD death or non-fatal MI NR 18%, p = 0.06 NR

CHD death, non-fatal MI or NR 14%, p = 0.029 NR
coronary revascularisation

All-cause mortality, MI, NR 16% (95% CI 5 to 26%), NR
hospitalisation for documented p = 0.005
unstable angina, revascularisation 
(performed at least 30 days after 
randomisation) stroke

ns, not significant.

TABLE 21 Mean percentage change in lipid variables from baseline at 52 weeks (standard error)

Rosuvastatin Rosuvastatin Atorvastatin Pravastatin Simvastatin 
5–80 mg 10–80 mg 10–80 mg 20–40 mg 20–80 mg
per day per day per day per day per day

Study 4522IL/0026125

Total cholesterol –34 (0.9) –38 (1.0) –33 (0.9) NA NA
LDL-C –47 (1.2) –53 (1.2) –44 (1.1) NA NA
HDL-C +2 (1.3) +3 (1.4) –1 (1.3) NA NA
Triglycerides –20 (2.4) –21 (2.6) –19 (2.4) NA NA
LDL-C/HDL-C –48 (1.3) –54 (1.4) –43 (1.3) NA NA
Total cholesterol/HDL-C –35 (1.1) –40 (1.1) –32 (1.0) NA NA

Study 4522IL/0028126

Total cholesterol –30.1 (1.1) –34.2 (1.1) NA –22.8 (1.1) –27.0 (1.1)
LDL-C –41.6 (1.4) –48.0 (1.4) NA –31.6 (1.4) –37.9 (1.4)
HDL-C +4.5 (1.3) +7.6 (1.3) NA +4.5 (1.4) +6.2 (1.3)
Triglycerides –15.8 (2.6) –18.0 (2.7) NA –9.3 (2.7) –14.1 (2.6)
LDL-C/HDL-C –43.3 (1.5) –51.1 (1.6) NA –34.1 (1.6) –40.8 (1.5)
Total cholesterol/HDL-C –32.3 (1.3) –38.2 (1.3) NA –25.6 (1.3) –30.4 (1.3)

NA, not applicable.



In the absence of any direct evidence relating to
the effect of treatment with rosuvastatin on clinical
outcomes, some indication of the possible impact
of treatment may perhaps be obtained by
comparing the lipid-lowering effects of
rosuvastatin with the lipid-lowering and clinical
effects of statin therapy in the major placebo-
controlled trials that report these outcomes. The
effects of therapy on LDL-C and CHD death plus
non-fatal MI are summarised in Table 22. It should
be noted that the ASCOT-LLA study used
atorvastatin at a fixed dose of 10 mg per day,
rather than at either its maximum licensed dose of
80 mg per day or a dose designed to achieve a
predetermined reduction in LDL-C.

These results suggest that studies that achieve a
reduction in LDL-C relative to placebo of 25–29%
achieve a 17–35% reduction in the risk of CHD
death plus non-fatal MI, while studies which
achieve a 36–38% reduction in LDL-C achieve a
31% reduction in the risk of CHD death plus non-
fatal MI. The data summarised in Table 21 indicate
that rosuvastatin is capable of achieving a
reduction in LDL-C of up to approximately 50%
in patients with a mean baseline LDL-C of
4.9 mmol l–1 (noticeably higher than in the studies
summarised in Table 22, with the exception of 4S).
However, it is not clear how this reduction in LDL-
C would translate into a reduction in clinical
events given that, in Table 22, the largest relative
reduction in clinical events does not occur in the
study with the largest relative reduction in LDL-C.
In support of this, preliminary results from the 4D

study indicate that atorvastatin was associated with
a mean reduction of 41% in LDL-C, but only with
a non-significant reduction of 8% in the primary
end-point, the combined incidence of cardiac
death, non-fatal MI and stroke.104

Comparisons with ‘usual care’
Quantity and quality of research available:
comparisons with usual care
Four open-label studies compared a statin with
usual care: ALLHAT-LLT,127 ALLIANCE,88

ESTABLISH89 and GREACE.128 Three of these
studies (ALLIANCE, ESTABLISH and GREACE)
used atorvastatin in patients with a history of
CHD. The fourth study, ALLHAT-LLT, studied
pravastatin in moderately hypercholesterolaemic
patients aged over 55 years with well-controlled
hypertension with and without CHD. (For further
details, see Appendix 13.)

Assessment of effectiveness: comparisons with
usual care
When meta-analysed, the results of these studies
suggest that, in comparison with usual care, 
statins are associated with statistically significant
reductions in the risk of non-fatal MI (RR 0.51,
95% CI 0.39 to 0.67), and of a composite of CHD
death and non-fatal MI (RR 0.65, 95% CI 0.44 to
0.96); they were not associated with a significant
reduction in the risk of any other event (for full
details, see Appendix 14). These results should be
treated with caution. The study whose results are
most favourable to statin therapy, GREACE, is
flawed. Patients who received atorvastatin also
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TABLE 22 Results from major placebo-controlled studies

Study Mean Length of Intervention Mean change from Change in CHD death 
baseline follow-up baseline in LDL-C LDL-C in + non-fatal 
LDL-C treatment MI: RR 
(mmol l–1) Treatment Placebo group (95% CI)

group group relative to 
placebo group

ASCOT-LLA 3.4 3.3 years Atorvastatin NR NR –29% 0.65 
10 mg per day (0.50 to 0.83)

LIPS 3.4 3.9 years Fluvastatin –27% +11% –38% 0.69 
80 mg per day (0.47 to 1.01)

CARE 3.6 5 years Pravastatin –32% NR –28% 0.77 
40 mg per day (0.65 to 0.91)

LIPID 3.9 5 years Pravastatin NR NR –25% 0.78 
40 mg per day (0.70 to 0.86)

PROSPER 3.8 3.2 years Pravastatin NR NR –27% 0.83 
40 mg per day at 2 years (0.71 to 0.96)

4S 4.9 5.4 years Simvastatin –35% +1% –36% 0.69 
20–40 mg (0.62 to 0.77)
per day



received hospital-based structured care designed
to achieve a specified target LDL-C level, while
the control group only received community-based
usual care. As a result, it is difficult to determine
the extent to which the better outcomes seen in
the atorvastatin arm are due to the use of
atorvastatin, and the extent to which they are due
to other components of the package of care which
differed from those experienced by patients in the
control arm. Certainly, although the use of both
aspirin and �-blockers was virtually identical in
both groups, only 14% of patients in the usual care
arm are said to have received hypolipidaemic drug
therapy of any sort throughout the study,
compared with 98% in the atorvastatin arm.128

By comparison, by the end of the ALLHAT-LLT
study 26% of the usual care arm were receiving a
statin and 2.4% another lipid-lowering drug, while
only 70% of the pravastatin arm were receiving
pravastatin at the planned dose of 40 mg per day
(another 7% were taking pravastatin at a lower
dose, 6% were taking a non-study statin, 0.6%
were taking another lipid-lowering drug and 16%
were not taking any lipid-lowering drug).127

Similarly, in the ALLIANCE study, patients in the
usual care arm were maintained on their original
lipid-lowering therapy (which included diet,
behaviour modification and antihyperlipidaemic
medication, including atorvastatin), with
adjustments made entirely at the discretion of
their regular physicians: 66% were receiving lipid-
lowering therapy at baseline.88 It therefore seems
plausible that the particularly favourable results
seen in GREACE compared with ALLIANCE and
ALLHAT-LLT are attributable to a lower standard
of usual care in the former study. However, it
should be noted that, despite substantial use of
lipid-lowering therapies in the control arm,
ALLIANCE also found that atorvastatin was
associated with a statistically significant reduction
in the risk of non-fatal MI and CHD death plus
non-fatal MI.

Comparisons with ‘no statin’
Quantity and quality of research available:
comparisons with no statin
Three open-label studies compared a statin with
no statin treatment in patients with CHD:
Colivicchi 2002,129 Sato 200187 and GISSI-P.130

One of these was a very small study of the effect of
adding atorvastatin to conventional medical
treatment in patients with end-stage CAD who
were already receiving conventional combination
therapy.129 Another studied the use of low-dose
pravastatin in patients with a recent MI in a
Mediterranean population.130 The third used
pravastatin in normocholesterolaemic Japanese

patients with coronary atherosclerosis.87 (For
further details of these studies, see Appendix 15.)

Assessment of effectiveness: comparisons with
no statin
Meta-analysis of the data from the studies that
compared statins with no statin therapy yielded a
statistically significant result only in relation to one
end-point, CHD mortality (RR 0.64, 95% CI 0.42
to 0.98) (for full details, see Appendix 16). This
general failure to demonstrate a treatment effect
other than for this one outcome seems due in part
to the small size of the Colivicchi and Sato studies,
and in part to cross-over. In the Colivicchi study,
all patients in the control arm who were already
receiving statins or other lipid-lowering drugs
before inclusion in the study continued to use
these after randomisation, with the dosage titrated
to reach LDL-C levels below 2.59 mmol l–1. Any
patients in the control arm who failed to achieve
LDL-C levels lower than 2.59 mmol l–1 could
receive atorvastatin (initiated at 20 mg per day).
Thus, 83% of patients in the control arm received
statins and 10% received fibrates, although no
lipid-lowering drug other than atorvastatin was
allowed in the intervention arm.129 In the GISSI-P
study, 19% of the control group started lipid-
lowering treatment (mainly with pravastatin)
during the course of the study, mainly as a result
of a protocol modification following publication of
the results of 4S, while 2% of patients in the
pravastatin arm were prescribed an adjunctive
cholesterol-lowering drug.130 The third study did
not provide any information on the use of non-
study statins or other lipid-lowering drugs.87

Summary: comparisons with usual care and 
no statin
The results of the studies that compare a statin
with usual care and no statin are difficult to
interpret, largely because of a lack of clarity about
the interventions used in the control groups. As a
result, they appear to add little to our
understanding of the benefits of statin therapy.

Dose comparisons 
Quantity and quality of research available: dose
comparisons
Two studies were identified that compared two
doses of the same statin. The A-to-Z study
compared the early use of an aggressive dose of
simvastatin (40 mg per day for 30 days, then
80 mg per day) with 4 months’ placebo treatment
followed by a lower dose of simvastatin (20 mg 
per day) in patients with acute coronary syndrome
and total cholesterol of 6.5 mmol l–1 or lower.131

The PATE study compared low-dose pravastatin
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(5 mg per day) with the standard Japanese dose of
10–20 mg per day in a population of elderly
Japanese patients with hypercholesterolaemia with
and without previous cardiovascular disease132

(for details see Appendix 17).

Assessment of effectiveness: dose comparisons
In the A-to-Z study, the use of an aggressive dose
of simvastatin was associated with a statistically
significant reduction in the risk of cardiovascular
mortality (RR 0.75, 95% CI 0.57 to 0.99),
although not of any other clinical outcomes.131

The PATE study did not show a statistically
significant result in relation to any clinical end-
point, even when all fatal and non-fatal
cardiovascular events were pooled132 (for details
see Appendix 18). 

Subgroups
Particular interest has been expressed in the
effectiveness of statins in specific subgroups,
especially women, people with diabetes, the
elderly (defined here as people aged 65 and over),
cardiac and renal transplant recipients, people
with familial hypercholesterolaemia and those with
relatively low serum cholesterol. The evidence
from placebo-controlled studies relating to each of
these subgroups is discussed in turn below.

Women
Although several of the included placebo-
controlled studies were carried out specifically in
men,82,115,133 none was carried out specifically in
women. Consequently, the results for women are
derived from subgroup analyses from studies
carried out in mixed populations. This is
problematic as none of those studies stratified
randomisation by gender (with the possible
exceptions of ASCOT-LLA and HPS, which
randomised using minimisation and did not state
which characteristics informed the minimisation
algorithm). As a result, none of the data relating
to women are known to represent true randomised
comparisons, nor are those data relating to men
that are not derived from the KAPS, REGRESS
and WOSCOPS studies.

Such data as were available in suitable form were
combined by meta-analysis. LIPID and LIPS
presented data in a form that did not allow them
to be included in the meta-analyses, and therefore
their results are summarised separately. Although
the results of the meta-analyses should be treated
with caution, they suggest that statin treatment in
women is associated with a statistically significant
reduction in the relative risk of non-fatal MI,
coronary revascularisation and CHD death plus

non-fatal MI. Failure to achieve significant results
in relation to other outcomes is likely to be due to
the small numbers involved. When the results are
divided into primary and secondary prevention,
statin therapy in women is associated with a
significant reduction in the risk of CHD death
plus non-fatal MI in secondary prevention (RR
0.75, 95% CI 0.61 to 0.92), but not in primary
prevention (RR 1.10, 95% CI 0.57 to 2.10),
whereas in men statin therapy was associated with
a statistically significant reduction in risk in both
secondary and primary prevention (RR 0.77, 95%
CI 0.70 to 0.85, and 0.59, 95% CI 0.45 to 0.77,
respectively); again, this failure to achieve a
statistically significant result in primary prevention
in women may be due to the small numbers
involved. Thus, although the incidence of CHD is
lower in women than in men, there is no evidence
that the effectiveness of statins differs in women
relative to men at the same level of cardiovascular
risk as, for each outcome, although the point
estimates of effect may vary, the confidence
intervals overlap (for data, see Appendix 19). 

People with diabetes
Two of the included placebo-controlled studies
were carried out specifically in people with type 2
diabetes,86,103 but none was carried out 
specifically in people without diabetes.
Consequently, the results for people without
diabetes presented below are derived entirely from
subgroup analyses from studies carried out in
mixed populations. As noted above in relation to
women, this is problematic as randomisation was
not stratified by diabetes status in any of the
studies, with the possible exceptions of ASCOT-
LLA and HPS, which randomised using
minimisation, and did not state which
characteristics were used. As a result, only those
data relating to people without diabetes, and those
data relating to people with diabetes derived from
CARDS or DALI, definitely represent true
randomised comparisons.

For comparability with CARDS and DALI, which
recruited patients who had been diagnosed with
type 2 diabetes at least 6 months103 and a year,86

respectively, before study entry, the data used from
4S and LIPID are those relating to patients with
and without a clinical history of diabetes at study
entry,97,135 rather than those relating to patients
who either had known diabetes at study entry or
were found to have impaired fasting glucose.136,137

Where data were available in suitable form, they
were combined by meta-analysis. As HPS
presented data in a form that did not allow them
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to be included in the meta-analyses, its results are
summarised separately (see Appendix 19).
Although these results should again be treated
with caution, statin therapy in people with
diabetes appears to be associated with a
statistically significant reduction in the relative risk
of all-cause mortality, fatal and non-fatal MI,
PTCA, and a composite of CHD death, non-fatal
MI and coronary revascularisation. Failure to
achieve significant results in relation to other
outcomes is again probably due to the small
numbers involved. There is no evidence that
statins are either more or less effective in people
with diabetes than in those without as, although
for some outcomes the point estimates of effect
may vary, in all cases the confidence intervals
overlap. Although the incidence of CHD is higher
in people with diabetes than in those without, the
numbers of people with diabetes are too small to
indicate any difference in the effect of statins when
used for primary or secondary prevention in
diabetic patients. 

It is difficult to compare the effect of statins in
people with and without diabetes in terms of
absolute risk reduction and numbers needed to
treat. The best evidence for people with diabetes
comes from CARDS, a large study conducted
entirely in people with diabetes who did not have
either raised cholesterol levels or a clinical history
of cardiovascular disease, even though many were
hypertensive.138 Not surprisingly, in this
population the numbers needed to treat to avoid
an event are relatively large (Table 23).

As most of the data relating to people without
diabetes are derived from studies of secondary
prevention (4S, CARE and LIPID), no direct
comparison can be made with CARDS. It is
possible to compare subgroup data for CHD death
plus non-fatal MI from the ASCOT-LLA study of
primary CHD prevention and the CARE study of
secondary CHD prevention (Table 24) but,
although in both primary and secondary
prevention the risk of an event in the placebo arm
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TABLE 23 People with diabetes: absolute risk reduction and NNT

CARDS Risk of event in Absolute risk reduction NNT for 
placebo arm (95% CI) approximately 

4 years to avoid an
event (95% CI)

All-cause mortality 5.82% 1.70% (0.11 to 3.29) 59 (30.4 to 880.5)
CHD mortality 1.77% 0.36% (–0.56 to 1.27) 281a

Total stroke 2.77% 1.35% (0.30 to 2.40) 75 (41.7 to 330.5)
CHD mortality + non-fatal MI NR

a CI not calculated because the 95% CI for the absolute risk reduction extends from a negative number (indicating that
treatment may be harmful) to a positive number (indicating that treatment may be beneficial).

TABLE 24 CHD death plus non-fatal MI: people with and without diabetes: absolute risk reduction and NNT

Risk of event in Absolute risk reduction NNT to avoid an 
placebo arm (95% CI) event (95% CI)

Primary CHD prevention Treatment period 
(ASCOT-LLA) approximately

3.3 years
People with diabetes 3.61% 0.59% (–0.80 to 1.98) 170a

People without diabetes 2.80% 1.21% (0.56 to 1.86) 83 (53.7 to 178.8)

Secondary CHD prevention Treatment period 
(CARE) approximately 

5 years
People with diabetes 20.39% 2.66% (–3.69 to 9.02) 38a

People without diabetes 11.95% 2.95% (0.94 to 4.95) 34 (20.2 to 106.6)

a CIs not calculated because the 95% CI for the absolute risk reduction extends from a negative number (indicating that
treatment may be harmful) to a positive number (indicating that treatment may be beneficial).



is higher in patients with diabetes than in those
without, the studies are not able to demonstrate
that, as a result, the number needed to treat to
avoid an event is smaller in people with diabetes
than in those without.

Elderly patients
One of the included placebo-controlled studies,
PROSPER, was carried out specifically in elderly
people (aged 70–82 years).81 4S and CARE
presented subgroup data relating to people aged
under 65, and those aged 65 and over, but in
these studies randomisation was not stratified by
age, and therefore such subgroup data do not
represent true randomised comparisons. 

Although the results should again be treated with
caution, in people aged 65 and over statin
treatment appears to be associated with a
statistically significant reduction in the relative risk
of CHD mortality, total stroke, non-fatal MI,
coronary revascularisation, and CHD death plus
non-fatal MI. Failure to achieve significant results
in relation to other outcomes is again probably
due to the small numbers involved. Again, there is
no evidence that statins are more or less effective
in older people and in those aged under 65 as,
although the point estimates of effect vary, the
confidence intervals overlap.

It is again difficult to compare the effect of statins
in people aged under 65 and in those aged 65
and over in terms of absolute risk reduction and
numbers needed to treat. As PROSPER was a
mixture of primary and secondary prevention,81

whereas 4S and CARE were both of secondary
CHD prevention, they are not directly
comparable; moreover, all were of different
lengths. However, subgroup analysis of CARE
indicates that, in secondary CHD prevention, 
the number needed to treat to prevent CHD death
or non-fatal MI is substantially lower in patients
aged 65 and over than in younger patients 
(Table 25).

Cardiac transplant recipients
Only one placebo-controlled statin study was
identified in cardiac transplant patients. This was a
small study of 40 mg per day fluvastatin in patients
with hyperlipidaemia 3 months to 12 years after
cardiac transplant.139 In addition, one very small
study directly compared two statins (pravastatin
20 mg per day and simvastatin 10 mg per day) 
in adults undergoing cardiac transplantation.94

A further two studies compared statin therapy with
no statin in patients who had received cardiac
transplants either 1–2 weeks140 or 4 days141

previously (for further details, see Appendix 20). 

None of these studies had statistically significant
results in relation to clinical outcomes (for further
details, see Appendix 21.)

Renal transplant recipients
Only one study was identified that studied the use
of a statin (fluvastatin 40–80 mg per day) in renal
transplant recipients. In this study, 15% of
participants had previously experienced a cardiac,
cerebrovascular or other vascular event142 (for
further details, see Appendix 22).

Treatment with fluvastatin reduced the risk of
CHD death plus non-fatal MI (RR 0.67, 95% CI
0.50 to 0.90). None of the other clinical outcomes
yielded statistically significant results (for further
details, see Appendix 23). However, the power of
the study will have been reduced by the fact that
14% of the placebo group took non-study lipid-
lowering drugs (mainly statins), as did 7% of the
fluvastatin group.

People with familial hypercholesterolaemia
No placebo-controlled studies were identified
relating to this patient group. This is not
surprising: these patients are at very high risk of
cardiac events, and the current medical consensus
is therefore that the benefits of statin therapy in
this group are undeniable, making a placebo-
controlled study unethical. 
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TABLE 25 CHD death plus non-fatal MI: people aged <65 and ≥ 65 years: secondary CHD prevention – absolute risk reduction and
NNT

CARE study Risk of event in Absolute risk reduction NNT for approximately 
placebo arm (95% CI) 5 years to avoid an

event (95% CI)

People aged <65 11.36% 1.44% (–0.82 to 3.69) 70a

People aged ≥ 65 17.26% 6.48% (2.70 to 10.26) 16 (9.7 to 37.0)

a CI not calculated because the 95% CI for the absolute risk reduction extends from a negative number (indicating that
treatment may be harmful) to a positive number (indicating that treatment may be beneficial).



The only relevant study that was identified was
therefore a direct statin–statin comparison.85

This was carried out in patients with known
heterozygous familial hypercholesterolaemia, 31%
of whom had known cardiovascular disease at
study entry (for details, see Appendix 24). The
study compared atorvastatin 80 mg per day with
simvastatin 40 mg per day. As its primary end-
point was atherosclerosis progression as measured
by carotid intima media thickness, it was
underpowered to demonstrate an effect in terms
of clinical outcomes. Moreover, the difference in
outcomes between the two groups was potentially
reduced as, in accordance with the study protocol,
any participant whose serum cholesterol
concentrations remained higher than 8.0 mmol l–1

on two consecutive visits was given a resin in
addition to the study medication. This treatment
was required by 15% of those in the simvastatin
group, compared with only 2.5% of those in the
atorvastatin group.

In this study, clinical outcomes were reported only
as reasons for withdrawal from the study. In the
case of non-fatal outcomes, it is not clear whether
other participants with those outcomes might have
remained in the study; as clarification on this
point could not be obtained from the study
investigators, only mortality data are reported
here. No significant difference was demonstrated
between the two interventions (for details, see
Appendix 25).

Ethnic minorities
No studies were identified that provided
information relating to populations from the
Indian subcontinent, and the only study to present
subgroup analyses of black and non-black ethnic
groups was the ALLHAT-LLT study of pravastatin
versus usual care, in which nearly 40% of
participants were black. However, as the study was
carried out in North America, Puerto Rico and the
US Virgin Islands,127 the ethnic mix of that black
population would differ considerably from that of
the black population of England and Wales. 

The results of subgroup analyses for black and
non-black participants are summarised in
Appendix 26. Although there appears to be no
difference between the subgroups in terms of all-
cause mortality, pravastatin reduced the risk of
CHD death plus non-fatal MI significantly in black
but not in non-black populations. However, too
much weight should not be put upon this finding,
for two reasons. First, randomisation was not
stratified by ethnic group, and therefore the
subgroup findings are not true randomised

comparisons. Secondly, the comparator in this
study was usual care, and it is possible that the
usual care given to black ethnic groups may have
differed from that given to non-black groups, and
that this may have had the effect of enhancing the
apparent efficacy of pravastatin in black patients.

Patients with different baseline LDL-C
Logically, one might expect the relative reduction
in risk of CHD death and non-fatal MI associated
with statin therapy to be greatest in those
populations with the highest serum cholesterol
levels at baseline. However, there is no clear
evidence to support this suggestion. Only one
study, PLAC I, stratified randomisation by baseline
LDL-C; this reported the effect of statin therapy in
patients with baseline LDL-C below 4.14 mmol l–1,
but did not provide the equivalent data for those
with baseline LDL-C of 4.14 mmol l–1 or higher
for comparison.113 A further two placebo-
controlled studies that had not stratified
randomisation by baseline cholesterol nonetheless
analysed the effects of statin therapy in subgroups
with higher and lower baseline LDL-C levels;
these are therefore not true randomised
comparisons. In CARDS, the hazard ratio for a
composite end-point of a major coronary event,
revascularisation, unstable angina, resuscitated
cardiac arrest or stroke was virtually identical in
those with baseline LDL-C below and at least
3.1 mmol l–1.103 In WOSCOPS, the point estimate
of the relative reduction in the risk of CHD death
or non-fatal MI associated with statin therapy in
fact appeared greater, at 37% (95% CI 15 to 53%),
in patients whose baseline LDL-C was less than
4.9 mmol l–1 than in those with baseline LDL-C of
4.9 mmol l–1 or higher (risk reduction 27%, 95%
CI 6 to 43%), although the confidence intervals
overlapped.82

Table 26 summarises data from those placebo-
controlled studies whose participants had the
highest and lowest mean baseline LDL-C. Again,
the confidence intervals overlap, and the point
estimates are often very similar, suggesting that
statins are no less effective in reducing the risk of
CHD death and non-fatal MI in people with
relatively low baseline LDL-C than in those with
higher cholesterol levels.

Quality of life
Four studies were identified that reported results
related to quality of life. These were the Aronow,
Mohler and Mondillo studies in patients with
intermittent claudication21,105,118 and the Oxford
Cholesterol Study in patients at increased risk of
CHD because of a history of MI, angina pectoris,
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stroke, TIA, PAD, treated diabetes mellitus or
treated hypertension.101

The Mohler study specifically measured quality of
life, using the Short-Form 36 (SF-36); it did not
find any significant difference between treatment
groups.21 This study also used the Walking
Impairment Questionnaire (WIQ) and the Low
Level Physical Activity Recall (LOPAR)
questionnaire. Although no significant difference
was seen in the WIQ, the LOPAR questionnaire
indicated an improvement in physical activity
compared with placebo in patients receiving both
10-mg (p = 0.032) and 80-mg atorvastatin
(p = 0.02), and in the combined atorvastatin
group (p = 0.011). The Mondillo study used a
claudication self-assessment questionnaire, and
found that patients receiving simvastatin displayed
improvements in all four subjective parameters
compared with those receiving placebo.105

All three studies in patients with intermittent
claudication found that statin treatment was
associated with an improvement in mean total
walking time21 or distance,105 and in mean pain-
free walking time118 or distance.105

The Oxford Cholesterol Study found that
simvastatin therapy did not affect either sleep143

or mood.144

Adverse effects
Despite their potential benefits, most if not all
drugs have the potential to cause adverse effects.
It is vitally important to understand these risks.
This is particularly true in the case of statins,
because of the very large number of people who
may take these drugs, the fact that many of these
individuals do not have symptomatic disease, and
the fact that they may take these drugs for life.

The most common adverse reactions caused by
statins are relatively minor and transient: they
include headache, dizziness, rash, diarrhoea,
abdominal pain, constipation and flatulence.145

However, some of the adverse effects associated
with statins are potentially very serious. Rare but
clinically important adverse effects are elevations
in hepatic transaminases, peripheral neuropathy
and myopathy. If statin therapy is not
discontinued, myopathy [defined as creatine
kinase (CK) increase to at least ten times the
upper limit of normal accompanied by muscle
pain or weakness] may result in rhabdomyolysis
(severe muscle damage) and acute renal failure.146

Although the exact mechanism by which statins
cause rhabdomyolysis remains unclear, the risk
appears to be dose related.52

There is increasing evidence that the different
statins differ both in their potential for interacting
with other drugs and in their rates of adverse
events. In August 2001, cerivastatin, a synthetic
statin, was withdrawn from the world market after
the occurrence of 52 unexpected deaths from
drug-related rhabdomyolysis (31 in the USA and a
further 21 worldwide).147,148 In addition, 385 non-
fatal cases were reported among the estimated
700,000 cerivastatin users in the USA, and most of
these required hospitalisation. Many of the
fatalities either had received the full dose of
cerivastatin (0.8 mg per day) or were using the
drug concomitantly with gemfibrozil: this
drug–drug interaction was implicated in 12 of the
31 US fatalities.147

Sources of evidence
A systematic literature review of the adverse effects
of statins is beyond the scope of this review.
Instead, the aim of this section is to provide a
summary of the important adverse effects reported
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TABLE 26 Statin therapy: relative risk of CHD death and non-fatal MI with statin therapy compared with placebo, by mean baseline
LDL-C

Study Mean baseline LDL-C RR 95% CI

CARDS103 3.0 0.65 0.45 to 0.95
ASCOT-LLA102 3.4 0.65 0.50 to 0.83
HPS74 3.4 0.74 0.68 to 0.80
LIPS110 3.4 0.69 0.47 to 1.01
CARE111 3.6 0.77 0.65 to 0.91
CIS98 4.3 0.28 0.06 to 1.31
CAIUS107 4.7 1.02 0.15 to 7.15
4S97 4.9 0.69 0.62 to 0.77
KAPS133 4.9 0.62 0.21 to 1.87
WOSCOPS82 5.0 0.70 0.58 to 0.84
LiSA93 5.1 0.38 0.07 to 1.94



by the clinical trials included in this review, and
then discuss other important evidence; in
particular, where available, postmarketing
surveillance data. 

RCTs
Serious adverse events (SAEs) are potentially the
most important outcomes measured in RCTs.
Regulatory bodies require all clinical trials to
collect data on SAEs, including any adverse
experiences that result in any of the following
outcomes: death, a life-threatening experience,
inpatient hospitalisation or prolongation of
existing hospitalisation, or persistent or significant
disability.149 As many events that might generally
be regarded as SAEs (all-cause mortality,
cardiovascular events) have already been discussed
as outcome measures in the review of clinical
effectiveness, this section focuses on those events
that have not already been reviewed.

Although RCTs are considered to provide the
highest level of evidence for assessing the
therapeutic efficacy of drugs, they can only provide
limited data for assessing their safety. Premarketing
trials are generally not powered reliably to detect
rare adverse drug reactions, nor is their follow-up
long enough to permit the detection either of
adverse drug reactions that are widely separated in
time from the original use of the drug, or of
delayed consequences associated with long-term
administration.150 Moreover, trials often exclude
special populations who may be at risk of unique
adverse drug reactions or of an increased
frequency of adverse drug reactions compared
with the general population.150 Participants in
clinical trials are less likely than non-selected
patients to be receiving potentially interacting
medications; they may also be monitored more
carefully than in real-life situations.

Postmarketing surveillance
By contrast with experimental studies,
postmarketing surveillance monitors the safety of
medicines under their usual conditions of use. Its
aim is to identify any safety concerns that emerge
when new products are in widespread use.
However, postmarketing surveillance systems also
have limitations, including under-reporting due to
reliance on voluntary reporting, the poor quality
of submitted reports, and the presence of
confounders that prohibit the definitive
establishment of causality to drug exposure.151

Trial evidence
Although the first statin became available in the
mid-1980s, the effects of lifetime use are still

unknown. In relation to the five statins included in
this review, the best clinical trial evidence of long-
term safety comes from large-scale, placebo-
controlled trials of simvastatin and pravastatin. By
comparison, the evidence for the long-term safety
of atorvastatin and fluvastatin is weak, and
comparable evidence for the safety of rosuvastatin
is as yet unpublished. 

The evidence from clinical trials with non-statin
comparator arms suggests that the incidence of
severe muscle problems with statin therapy is low
(Table 27). Aggregation of data from all such RCTs
included in the review of clinical effectiveness
indicates that there were only six non-fatal cases
of rhabdomyolysis among 47,637 patients
randomly assigned to statin treatment versus 
three cases among 47,180 patients randomised to
control (placebo, usual care or no statin
treatment). Excluding data from the LIPID trial,
which did not differentiate between myositis and
myalgia, there were 22 cases of myositis in 
43,125 patients randomised to statin treatment
and 25 cases in 42,678 patients randomised to 
the control group. Not all studies reported the
number of patients suffering myalgia. However, 
in the largest study, the HPS,74 20,536 patients
were randomised to either 40 mg simvastatin per
day or placebo, and CK levels were measured in
patients who either reported unexplained muscle
complaints or used a non-study statin in addition
to study therapy. Over the mean 5 years of the
study, similar numbers of patients in each group
[3379 (32.9%) in the simvastatin group and 3409
(33.2%) in the placebo group] complained of
unexplained muscle pain or weakness, and only
49 (0.48%) statin patients and 50 (0.49%) control
patients discontinued because of muscle
symptoms. 

Although the RCT results indicate a low incidence
of serious muscle problems in study participants
who were followed up by researchers, these studies
are likely to underestimate the incidence of such
problems if statins are used in unselected
populations.152 In addition to the general issues
relating to RCT evidence noted above, the
generalisability of the findings of the RCTs
included in this review is further limited by the
fact that some of the large, long-term studies such
as 4S,97 ASCOT-LLA,102 CARDS,138 CARE,111

ALLHAT-LLT127 and the HPS74 excluded patients
known to be hypersensitive to, or intolerant of,
statins.

Details of other clinical adverse events and
withdrawals or discontinuation of study
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medication due to adverse events from those
clinical trials with non-statin comparator arms that
met the review’s inclusion criteria are summarised
in Appendix 27.

As noted above, no long-term (>6 months)
placebo-controlled trials of rosuvastatin have yet
been published. Both studies included in this
review that have 52-week follow-ups compared
rosuvastatin with other statins. One reported 
that ten out of 268 patients receiving rosuvastatin
(3.5%) withdrew because of adverse events that
were considered to be related to trial medication,
compared with eight out of 140 patients 
receiving atorvastatin (5.7%). Only two of the
events associated with rosuvastatin were
considered serious (rectal haemorrhage and
serum creatinine elevation).125 In the other study,
no SAEs were reported in patients receiving
rosuvastatin.126

Postmarketing surveillance data
Atorvastatin, fluvastatin, pravastatin and
simvastatin 
No published postmarketing surveillance data for
the UK are available for atorvastatin, fluvastatin,
pravastatin or simvastatin. An epidemiological
study using data from the UK GPRD for the years
1991–1997 found that current statin therapy was
associated with an eight-fold increase in the risk of
myopathy. However, this equated to approximately
one case per 10,000 person-years of statin
therapy.154

The non-UK data suggest that, between product
approval and 26 June 2001, fatal cases of
rhabdomyolysis associated with statin therapy were
rare, with reporting rates lower than one death
per million prescriptions, with the exception of
cerivastatin, which has since been withdrawn from
world markets (Table 28).155 However, these figures
are likely to underestimate the risk both because
they are based on voluntary reporting by
healthcare professionals, and because they use as
the denominator the number of prescriptions, not
the number of individuals using the medication.152

Rates of fatal and non-fatal rhabdomyolysis
reported to the US FDA’s postmarketing database
were also similar, at less than one case per million
prescriptions, for all statins except for
cerivastatin156 (Table 28). More than 80% of cases
reported for each drug when taken as
monotherapy resulted in hospitalisation for renal
failure and dialysis, and 10% resulted in death.156

This demonstrates that, although rhabdomyolysis
is a rare event, it presents a significant safety issue
for statin drugs even when taken as monotherapy;
the risk is increased when statins are used in
combination with gemfibrozil (Table 29). 

A more accurate estimate of the incidence of
rhabdomyolysis attributed to statins, alone or in
combination with fibrates, may be obtained from a
recently published major analysis.157 Prescription
data were used to identify a cohort of 252,460
lipid-lowering drug users from 11 health plans
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TABLE 28 Reported cases of fatal rhabdomyolysis and numbers of prescriptions for statins dispensed in the USA155

Variable Pravastatin Simvastatin Fluvastatin Atorvastatin Cerivastatind Total

Date approved in USA 31 October 23 December 31 December 17 December 26 June 1997 –
1991 1991 1993 1996

Cases of fatal 3 14 0 6 31 54
rhabdomyolysisa

No. of prescriptions 81,364,000 116,145,000 37,392,000 140,360,000 9,815,000 385,076,000
dispensed since 
marketing beganb

Reporting rate 0.04 0.12 0.00 0.04 3.16 0.14
(per 1 million prescriptions)c

a US cases reported to the Food and Drug Administration (FDA) before 26 June 2001 and which met the following criteria:
the report included a clinical diagnosis of rhabdomyolysis, a temporal association between rhabdomyolysis and the use of a
statin could be identified from the report, and death resulted either directly or indirectly from rhabdomyolysis.

b Data up to and including May 2001, derived from the US National Prescription Audit Plus, excluding the Long Term Care
Channel.

c The FDA does not recommend rigorous comparisons between drugs based on these data since many factors can affect
reporting and an unknown number of cases may not be attributed to the drug or reported to the FDA. They emphasise
that reporting rates are not incidence rates.

d Withdrawn from the world market in August 2001.



across the USA between January 1998 and June
2001. Hospital data were then used to establish
how many of that cohort were admitted to hospital
with a diagnosis of rhabdomyolysis. There were 21
cases, all associated with statin intake (i.e. none
occurred during non-exposed time); a further
seven cases were excluded from the analysis
because, according to automated claims data, they
were not exposed to a lipid-lowering drug at the
time when they developed rhabdomyolysis,
although in each case their hospital record
explicitly stated that they had been taking a statin
at the time of the event. All patients with
rhabdomyolysis were taking statins at half or less
of the recommended maximum dose. The
incidence rate of hospitalised rhabdomyolysis with
monotherapy of atorvastatin, pravastatin and
simvastatin was 0.44 (95% CI 0.20 to 0.84) cases
per 10,000 person-years exposure; there was no
statistically significant difference between those
statins (average incidence of rhabdomyolysis for
atorvastatin 0.54, 95% CI 0.22 to 1.12, for
pravastatin 0.0, 95% CI 0 to 1.11, and for
simvastatin 0.49, 95% CI 0.22 to 1.12). By
comparison, the incidence rate for cerivastatin was
5.34 (95% CI 1.46 to 13.68). Inclusion of the
seven excluded cases resulted in an incidence rate
for atorvastatin, pravastatin and simvastatin of
0.68 (95% CI 0.38 to 1.15); again, the individual
incidence rates remained indistinguishable.

However, when atorvastatin and simvastatin were
used in combined statin–fibrate therapy, the risk
increased considerably, to 5.98 (95% CI 0.72 to
216). The risk was also increased in patients aged
65 or older, and in those with diabetes mellitus.157

Rosuvastatin
On 12 August 2003, the FDA approved
rosuvastatin for marketing at doses of 5–40 mg.158

Although the sponsor had originally proposed to
market rosuvastatin at daily doses ranging from 
10 to 80 mg, the premarketing data indicated that
the 80-mg dose was associated with a higher
incidence of myopathy and rhabdomyolysis, and
higher frequencies both of serum creatinine
elevations unrelated to myotoxicity and of
proteinuria with and without haematuria. The
FDA therefore decided that the risks of treatment
at that dose outweighed the benefits associated
with the modest incremental reduction in
cholesterol. Development of the 80-mg dose was
subsequently discontinued.159

The premarketing data submitted to the FDA
identified eight cases of rhabdomyolysis, one in
7727 patients receiving 10 mg (0.01%) and seven
in 1574 patients receiving 80 mg (0.4%).159

Eighteen further cases of rhabdomyolysis were
reported between the beginning of marketing and
13 April 2004; these included 11 cases which
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TABLE 29 Reporting rates per million prescriptions for all US cases of rhabdomyolysis associated with statins until 31 July 2001156

Variable Pravastatin Simvastatin Fluvastatin Atorvastatin Cerivastatind Total
1992–2001 1992–2001 1994–2001 1997–2001 1998–2001

Monotherapy
Cases of rhabdomyolysisa 17 99 1 45 200 482
Estimated prescriptionsb 82,000,000 118,986,000 38,791,000 147,610,000 11,038,000 495,761,000
Crude rate per 1 million 0.21 0.83 0.03 0.30 18.12 0.97

prescriptions

Combination therapy with gemfibrozil
Cases of rhabdomyolysisa 2 37 0 6 279 324
Estimated prescriptionsc 1,422,000 962,000 316,000 1,198,000 22,000 3,920,000
Crude rate per 1 million 1.41 38.46 0.00 5.01 12,681.82 82.65

prescriptions

a Cases identified in the FDA Adverse Event Reporting System database with creatine phosphokinase >10,000 IU l–1, signs
and symptoms (myalgia, myopathy, gait disturbance) and clinical diagnosis of rhabdomyolysis.

b Estimates of prescriptions for statin therapy, with or without concomitant gemfibrozil therapy, based on percentage of
mentions (IMS HEALTH NDTI™) summed across all years of marketing for each drug and applied to prescriptions for all
years in which the drug was marketed (IMS HEALTH NPAPlus™).

c All dispensed prescriptions for all years the drug was marketed between 1988 and July 2001 (IMS HEALTH NPAPlus,
excluding Long Term Care).

d Withdrawn from the world market in August 2001.
The analysis does not include concomitant therapy with fenofibrate, which was prevalent in 0–1% of mentions across
statins. Few cases of rhabdomyolysis were reported for any statin plus fenofibrate or clofibrate; however, these were not
included in the analysis.



occurred in the space of 7 months in the USA.
Two of the 18 patients were using a 40-mg dose,
five were using 20 mg and 11 were using 10 mg.
Rosuvastatin thus appears to have a higher rate of
rhabdomyolysis than any other currently marketed
statin,160 and it is not, as had been hoped, limited
to the 80-mg dose. 

By mid-August 2004, approximately 3 million
patients worldwide had received rosuvastatin.
Indeed, following its licensing and launch in the
UK in March 2003, by the end of July 2004 it had
been used by over 190,000 UK patients. During
this period, the most frequently reported adverse
events were myalgia, headache, nausea, dizziness
and arthralgia.161 However, by 26 August 2004,
the number of cases of rhabdomyolysis associated
with rosuvastatin had risen to 65 in the USA
alone,162 and by October 2004 the UK Committee
on Safety of Medicines had received ten reports of
suspected rhabdomyolysis associated with
rosuvastatin, the majority involving patients who
had started on high doses of rosuvastatin, some of
whom had pre-existing risk factors for myopathy.52

Rosuvastatin has also been associated with
instances of acute renal failure and renal
insufficiency, which were not secondary to
rhabdomyolysis. As noted above, premarketing
data indicated that a small proportion of patients
taking rosuvastatin displayed persistent
proteinuria and haematuria, in some cases
associated with an increase in serum creatinine.
This was dose related, affecting 1.3% of patients
receiving 40-mg and 6.1% receiving 80-mg
rosuvastatin. The FDA expressed concern that this
might progress to renal failure in a small number
of patients.159 By 13 April 2004, postmarketing
data recorded eight cases of acute renal failure
and four of renal insufficiency in patients using
rosuvastatin. Nine of these patients were taking
10 mg, one 40 mg and one 80 mg.160

AstraZeneca have claimed, on the basis of data
from their clinical trial programme and ongoing
pharmocovigilance assessments, that rosuvastatin
is no more likely to cause adverse muscle effects
than the other marketed statins. They consider
rosuvastatin’s safety profile to be similar to those
of the marketed statins, and state that “This view
of the benefit–risk profile of rosuvastatin is shared
by regulatory authorities in the 64 countries where
rosuvastatin is approved”.163 However, as a result
of postmarketing reports of adverse events in
patients receiving rosuvastatin, labelling changes
have been made within the European Union,
reflecting those already in use in the USA. These

changes highlight the patient populations who
may be at increased risk of myopathy, particularly
at the highest currently approved dose (40 mg).
Patients at risk include those aged over 65, those
with hypothyroidism and/or renal insufficiency,
some Asian populations, and people concomitantly
using ciclosporin and gemfibrozil.164

Other evidence
Concerns about the long-term safety of statins
were originally raised by a review of the
carcinogenicity of lipid-lowering drugs in animal
studies.51 However, laboratory experiments
suggested that statins had an inhibitory effect on
cancer cell proliferation.165 Despite this, further
concerns were raised because of evidence
suggesting that low cholesterol concentrations
were associated with increased cancer mortality. In
particular, a Dutch cohort study found that, in
people aged 85 and over, low plasma cholesterol
was associated with significantly increased risks of
both all-cause mortality and cancer mortality.166

One of the aims of the large placebo-controlled
PROSPER study was therefore to establish the
balance of benefit and risk associated with the use
of pravastatin in people aged between 70 and
82 years. The study found that pravastatin was
associated with a statistically significant increase in
incident cancer.81 In view of this finding, the
authors meta-analysed their results with those of
other pravastatin trials, and found no significant
effect of the drug on cancer rates. The authors
concluded that the imbalance in cancer rates in
the PROSPER study was a chance finding, which
could in part have been driven by the recruitment
of individuals with occult disease.81 Subsequently,
a meta-analysis of data from six large studies
excluding PROSPER found no evidence to suggest
that statin therapy affected the overall rates of
fatal or non-fatal cancer (Table 30). However, most
of the participants in these studies were under 70,
and thus the question of whether cholesterol-
lowering accelerates the development of cancer in
the elderly remains open. Moreover, the authors
of the meta-analysis cautioned that none of the
trials reported all of the outcomes, that most
reported cancer in different ways, and that
reporting of site-specific cancers in the trials was
incomplete; in addition, they note that it is not
possible, on the basis of trials averaging 5 years’
duration, to exclude the possibility of cancer risk
resulting from longer exposure or after a longer
latency period.167

Evidence from a case–control study conducted in
Denmark suggests that statin use is associated with
a four- to 14-fold increase in the risk of developing
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idiopathic polyneuropathy, corresponding to one
excess case for every 2200 (95% CI 880 to 7300)
person-years of statin use. The risk increased in
patients treated with statins for 2 or more years.168

This evidence supports that of a cohort study
undertaken by the same researchers in the UK,
which found an elevated risk of idiopathic
peripheral neuropathy in current statin users
compared both with patients with hyperlipidaemia
who had not been prescribed a lipid-lowering
drug, and with an age- and gender-matched
cohort drawn from the general population.169

Summary
Although concerns have been raised about
rosuvastatin, statins are generally considered to be
well tolerated and to have a good safety profile.
This view is generally supported both by the
evidence of the trials included in this review and
by postmarketing surveillance data. Although
increases in CK and myopathy have been reported,
rhabdomyolysis and hepatotoxicity are rare.
However, some patients may receive lipid-lowering
therapy for as long as 50 years, and long-term
safety over such a timespan remains unproven.

Continuance and compliance
The efficacy of an intervention is clearly related to
the length of time for which it is taken and the
extent to which it is taken in accordance with the
intended dosing regimen. It has been claimed that
a level of compliance of over 80%, with only trivial
deviations, in relation to both the prescribed total
dose and the prescribed timing of that dose will
provide an adequate therapeutic effect in most

drugs.69 Although most of the studies included in
this review report continuance, in some studies it
is not clear whether the authors are reporting
continuance or compliance. Moreover, some do
not report compliance with statin therapy even in
terms of total dose, and none reports compliance
in terms of timing. However, WOSCOPS found a
significant reduction in risk of definite CHD death
or non-fatal MI, relative to placebo, in patients
who took 75% or more of the prescribed statin
(RR 0.62, 95% CI 0.50 to 0.76), but not in those
taking less than 75% (RR 1.01, 95% CI 0.66 to
1.55). This result should be treated with caution as
analyses conditional on compliance are no longer
truly randomised. However, the investigators
recalculated this result in the high-compliance
group using the Cox proportional-hazards model,
adjusting for baseline risk factors that had
previously been identified as being of prognostic
value (smoking status, diabetes, taking nitrates,
minor ECG abnormality, positive Rose
questionnaire for angina, family history of CHD,
age, history of hypertension, diastolic blood
pressure, LDL-C/HDL-C ratio), and still found a
38% reduction (95% CI 23 to 50%) in the risk of
definite CHD death or non-fatal MI in the high-
compliance group relative to placebo, compared
with a 31% reduction (95% CI 17 to 43%) in the
entire cohort.170 This result suggests that long-
term compliance is probably required to achieve
optimum benefits from statin therapy.

Because of the importance of continuance and
compliance in relation to the effects of treatment,
data drawn from the studies included in the review
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TABLE 30 Risk of fatal and non-fatal cancer with statin therapy167a

Event No. of No. of No. of events/total Relative risk
trials patients

Statin Placebo
(95% CI)

Non-fatal cancer
Excluding non-melanoma skin cancer 3b 31,575 583/15,792 576/15,783 1.01 (0.90 to 1.13)
Including non-melanoma skin cancer 2c 13,173 374/6,593 374/6,580 1.00 (0.87 to 1.15)

Fatal cancer
Excluding non-melanoma skin cancer 3b 31,575 436/15,792 429/15,783 1.02 (0.89 to 1.16)
Including non-melanoma skin cancer 2c 13,173 177/6,593 186/6,580 0.95 (0.78 to 1.16)

All cancers
Excluding non-melanoma skin cancer 4d 38,198 1,271/19,114 1,264/19,084 1.00 (0.93 to 1.08)
Including non-melanoma skin cancer 4e 40,314 2,110/20,166 2,067/20,148 1.02 (0.96 to 1.08)

a WOSCOPS, CARE and LIPID used pravastatin, 4S and HPS used simvastatin, and AFCAPS used lovastatin (not reviewed in
this appraisal).

b Data from 4S, WOSCOPS and HPS.
c Data from CARE and LIPID.
d Data from 4S, WOSCOPS, AFCAPS and HPS.
e Data from CARE, LIPID, AFCAPS and HPS.



will be supplemented with data from other relevant
studies.

Evidence from included studies
Continuance
The evidence relating to continuance with statin
therapy is summarised in Table 31. Where
available, information is provided by year of
treatment. WOSCOPS is included under primary
CHD prevention as, although it was undertaken in
a mixed population, only 5% of participants were
reported as having CHD at baseline.

As would be expected, all studies that report
continuance at more than one point in time
demonstrate a gradual decrease in continuance
over time (Table 31). As noted earlier, compliance
with drug therapy is generally higher in patients
with symptomatic disease than in those without. 
It is therefore perhaps not surprising that, at
1 year, the highest continuance is reported by a
secondary prevention study, the LIPID study, or
that, by year 5, continuance is substantially lower
in WOSCOPS, which is predominantly of primary
prevention, than in the 4S and CARE studies of
secondary prevention. It is also perhaps not
surprising that, of the primary prevention studies
that present data at 1 year, continuance is lower in
WOSCOPS than in CARDS, since the latter was
carried out in diabetic patients, 80% of whom were
already taking medication for their diabetes.
However, the issue is not straightforward: within
studies of statins in secondary prevention, it is not
clear why LIPS and MAAS report much lower
continuance rates at 4 years than 4S and CARE do
at 5 years.

Most studies did not provide information on the
reasons why participants specifically discontinued
study medication rather than why they withdrew

from the study. However, 4S stated that just over
half of those who discontinued statin therapy did
so because of adverse events; the reason given by
the remainder was mainly patient reluctance to
continue.97

Compliance
As noted above, very few studies report compliance,
and not all of those that do specify how it was
measured. In the only study of primary prevention
that reported compliance, the DALI study in
diabetic patients, compliance was said to be over
95% in all three treatment groups, but no
indication was given as to how it was measured.86

There is more evidence relating to studies of
statins in secondary prevention. The 3T study
assessed compliance by questioning the patient
and by counting tablets at each clinic visit; patients
taking at least 85% of the correct doses were
considered compliant. Eighty-eight per cent of
patients in the atorvastatin group were at least
85% compliant throughout, as were 86% in the
simvastatin group.83 In PLAC I, mean compliance,
assessed by pill count, was 95%.113 SCAT also
assessed compliance by pill count at each visit. As
an attempt had been made to exclude potentially
non-compliant patients during the placebo run-in
phase, average compliance with statin therapy was
approximately 95% throughout the trial.116

The fullest information on compliance with statin
therapy comes from HPS, which was carried out in
a mixed population. This study assessed
compliance by reviewing the calendar-packed
tablets remaining; compliance was defined as
consumption of at least 80% of the study
medication since the previous follow-up visit. On
average, 85% of patients allocated to statin therapy
were compliant with therapy throughout the study;
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TABLE 31 Studies reporting continuance: percentage of patients in statin group still taking statin therapy

Study Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Primary CHD prevention
ASCOT-LLA102 NR NR 87
CARDS138 90 87 86 78
WOSCOPS170 85 NR NR NR 70

Secondary CHD prevention
4S97 NR NR NR NR 90
CARE111 NR NR NR NR 94 NR
LIPID112 94 NR 89 NR NR 81
LIPS91 NR NR NR 73
MAAS100 NR NR NR 75

Mixed primary and secondary CHD prevention
ALLHAT-LLT127 NR 87 NR 80 NR 77



this figure fell from 89% at the end of the first
year to 82% at 5 years. Most of the non-compliant
patients appear to have discontinued therapy:
only about 2% of patients overall were reported to
be taking some, but less than 80%, of their
allocated treatment.74 In another mixed study,
KAPS, compliance, assessed by tablet count, was
92% in the pravastatin group,133 while another
mixed study, PROSPER, achieved 94% compliance,
again assessed by tablet count; however, in this
study potential participants who were less than 75%
compliant had been screened out in the placebo
run-in phase.171 In another mixed study, ALLHAT-
LLT, which did not seem to screen participants for
compliance, only 70–75% of patients reported
taking 80% or more of their assigned pravastatin.127

In WOSCOPS, although continuance was relatively
low, compliance was very high once patients were
established on medication. At the first trial visit,
mean compliance with statin therapy was
approximately 85%, but it rose to approximately
95% at the end of the first year and remained
stable until study end. A history of taking regular
medication (for angina, diabetes or hypertension)
increased the likelihood of being 100% compliant
with study medication, while current smokers were
less likely to be compliant.170

Evidence from other studies
It is generally accepted that continuance and
compliance with medication are higher in RCTs
than in general clinical practice. Several studies
have explored continuance and compliance with
lipid-lowering therapies in real life. However,
because of the possibility that economic and
cultural factors may influence continuance and
compliance, only the evidence from UK studies is
reviewed here. 

A study carried out in Tayside, Scotland, studied
patients who experienced their first MI between
January 1990 and November 1995. Adherence
with statin therapy was calculated on the basis of
prescriptions dispensed after discharge from
hospital, dividing the number of days with statin
supply by the total number of days from the first
prescription for a statin to the end of the study;172

this may combine elements of continuance and
compliance. Sixty-four per cent of patients had
greater than 80% adherence, as did 69% of
patients aged over 65 years. Adherence was not
associated with deprivation. After adjusting for
prior lipid-lowering therapy, dose and other risk
factors, only patients with at least 80% adherence
to statin therapy had significantly lower risks of
further MI and of all-cause mortality.172

A retrospective cohort study was undertaken in a
large general practice in Liverpool to investigate
true patient compliance with statin therapy in
primary care. Electronic medical records were used
to identify any patient prescribed a statin between
31 December 1991 and 26 January 2003. Of the
869 patients meeting the study inclusion criteria,
74 (8.5%) had discontinued therapy; 44 did so
within the first 6 months, and 27 did not take the
statin for longer than a month. In 54 cases (73%),
no reason for discontinuation was recorded, but
ten patients (14%) were recorded as discontinuing
because of side-effects (for comparison, 14% of
compliant patients had their statin prescription
changed because of side-effects). Compliance was
defined as taking at least 80% of therapy: overall,
25% of patients were non-compliant. Cholesterol
monitoring was found to be a significant predictor
of patient compliance (p < 0.001).73

Tolmie and colleagues173 undertook a study in an
area of high social deprivation in the west of
Scotland in patients prescribed statin therapy for
at least 3 months. Eighty-six per cent of patients
appeared to be good compliers, taking 70–100%
of their statins, 8% were moderate compliers
(taking 41–69%) and 6% were poor compliers
(taking <41%). In-depth interviews with patients
who were good, moderate and poor compliers
indicated the importance, for compliance, of the
credence that patients attached to the prescriber,
and of their perceptions of the primary purpose 
of the consultation at which the drug was
initiated.173

Continuance and compliance: summary
Not all patients who are prescribed statins will take
them for any length of time. Between 5 and 15%
are likely to discontinue therapy within the first
year, and at the end of 5 years as many as 30% are
likely to have discontinued. Although the
proportion of people who discontinue treatment is
likely to be higher in those receiving statins for
primary prevention, the issue is complicated, with
a likelihood of greater continuance in patients
with conditions such as diabetes or hypertension,
regardless of whether they have suffered a prior
cardiovascular event. Compliance appears to be
good in patients who do not discontinue therapy.

Summary of clinical effectiveness
There is evidence from placebo-controlled studies
to suggest that statin therapy is associated with a
statistically significant reduction in the risk of:

● all-cause mortality, non-fatal MI, and a
composite end-point of CHD death plus 
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non-fatal MI, in both primary and secondary
prevention

● stable angina in primary prevention
● cardiovascular mortality, CHD mortality, fatal

MI, non-fatal stroke, PAD, unstable angina, and
coronary revascularisation in secondary
prevention. 

As the confidence intervals for each outcome in
each prevention category overlap, it is not possible
to differentiate, in terms of relative risk, between
the effectiveness of statins in primary and
secondary prevention. However, the absolute risk
of CHD death or non-fatal MI is higher, and the
number needed to treat to avoid such an event is
consequently lower, in secondary than in primary
prevention.

There is no evidence that the effectiveness of
statins differs in women relative to men at the
same level of cardiovascular risk, in patients with
diabetes compared with those without, or in older
patients compared with those under 65 years of
age, nor is there evidence that statins differ in
effectiveness in patients with lower or higher
cholesterol levels at baseline.

Because of poor study design, it is difficult to
interpret the results of the studies that compare a
statin with ‘usual care’, while those that compared
a statin with no statin therapy very largely failed to
achieve statistically significant results in relation to
clinical outcomes.

On the evidence available from the placebo-
controlled trials, it is barely possible to
differentiate between the different statins in
relation to any outcome: although the point
estimates of their effect sizes may vary, the
confidence intervals overlap in each case except
for non-fatal MI, where simvastatin can just be
differentiated from pravastatin. Only three head-
to-head comparisons of one statin with another
have reported clinical outcomes, and only one of
these, the PROVE IT-TIMI trial, reported
statistically significant results. These suggest that
aggressive reduction in LDL-C with atorvastatin is
more effective than moderate LDL-C reduction

using pravastatin in reducing the risk of
hospitalisation for unstable angina, and of
coronary revascularisation; however, these results
cannot be considered conclusive as there was no
statistically significant difference between the two
statins in terms of the key composite end-point of
CHD death or non-fatal MI.

It should, however, be noted that the different
statins vary in terms of the volume of evidence
available from placebo-controlled studies that
report clinical outcomes. As noted earlier, there is
no such evidence relating to rosuvastatin. Of the
remaining four statins, there is least evidence for
fluvastatin, with four studies of secondary CHD
prevention in a total of 3416 patients (Table 32).
There are five studies of atorvastatin, involving
14,969 patients; three of these studies were of
primary prevention, but all of these were in
patients who, because of their pre-existing medical
conditions, were at relatively high risk of
cardiovascular events. The eight studies of
simvastatin, involving 26,851 patients, were all of
secondary or mixed prevention. All of the 11
studies of pravastatin, involving 29,524 patients,
were of secondary or mixed prevention, with the
exception of CAIUS, which recruited patients with
ultrasonographically identified early
atherosclerosis but without symptomatic CVD.107

Each statin is represented both by studies that
appear to be of good quality, and by others whose
quality cannot be assessed in that it is not clear
from published sources whether the method used
to assign participants to the treatment group was
really random or the allocation of treatment was
concealed (Table 32).

Statins are generally considered to be well
tolerated and to have a good safety profile. This
view is generally supported both by the evidence
of the trials included in this review and by
postmarketing surveillance data. Although
increases in CK and myopathy have been
reported, rhabdomyolysis and hepatotoxicity are
rare. However, some patients may receive lipid-
lowering therapy for as long as 50 years, and long-
term safety over such a timespan remains
unproven.
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TABLE 32 Strength of evidence from placebo-controlled studies reporting clinical outcomes for different statins (excluding studies in
transplant patients)

Statin/study Prevention Patient group No. randomised Study 
category qualitya

Atorvastatin
4D84 Mixed Diabetic + renal failure 1,255 Good
ASCOT-LLA102 Primary CHD Hypertensive 10,305 Good
CARDS103 Primary CVD Diabetic 2,838 Good
DALI86 Primary CHD Diabetic 217 ?
Mohler 200321 Secondary CVD Intermittent claudication 354 ?
Total 14,969

Fluvastatin
FLARE108 Secondary CHD PTCA 834 ?
FLORIDA109 Secondary CHD Acute MI 540 ?
LIPS110 Secondary CHD Angina or silent ischaemia 1,677 Good
LiSA93 Secondary CHD Stable symptomatic CHD 365 ?
Total 3,416

Pravastatin
CAIUS107 Primary CVD Ultrasonographically identified early 305 Good

atherosclerosis
CARE111 Secondary CHD MI 4,159 Good
KAPS133 Mixed Hypercholesterolaemia, with and without 447 Good

CVD
LIPID112 Secondary CHD MI or unstable angina 9,014 ?
PLAC I113 Secondary CHD CHD 408 ?
PLAC II95 Secondary CHD CHD 151 ?
PMSG96 Mixed Primary hypercholesterolaemia and 1,062 ?

at least two additional CHD risk factors
PREDICT114 Secondary CHD CHD (successful PTCA) 695 ?
PROSPER81 Mixed Elderly, with or at significant risk of CVD 5,804 Good
REGRESS115 Secondary CHD CHD 884 ?
WOSCOPS82 Mixed Moderate hypercholesterolaemia 6,595 ?
Total 29,524

Simvastatin
4S97 Secondary CHD CHD 4,444 Good
Aronow 2003118 Secondary CVD Intermittent claudication 69 ?
CIS98 Secondary CHD CHD 254 ?
HPS74 Mixed Substantial risk of death from CHD 20,536 Good
MAAS100 Secondary CHD CHD 381 ?
Mondillo 2003105 Secondary CVD PAD 86 ?
Oxford Cholesterol Study101 Mixed Increased risk of CHD 621 Good
SCAT116 Secondary CHD CHD 460 Good
Total 26,851

a This is said to be good if it was clear from the report both that the method used to assign participants to the treatment
group was really random and that the allocation of treatment was concealed.



Systematic review of existing
economic literature
The primary objective of this review is to identify
and evaluate studies exploring the cost-
effectiveness of statins in primary and secondary
prevention of CHD and CVD in the UK. The
secondary objective is to evaluate methodologies
used to inform the economic evaluation.

Search strategy
Studies were identified through searches of
MEDLINE (1996 to present), EMBASE (from
1996), CDSR, and the NHS Centre for Reviews
and Dissemination databases (DARE, NHS EED,
HTA). 

Inclusion and exclusion strategy
The titles and abstracts of papers identified
through the searches outlined above were assessed
for inclusion using the following criteria.

Inclusion criteria
● Cost-effectiveness analyses, as opposed to

cost–benefit or cost minimisation
● UK setting
● statin therapy as one of the studied alternatives

(possibly combined with other interventions
such as lifestyle advice/diet)

● the benefits were estimated in terms of life-years
saved (LYS) or quality-adjusted life-years
(QALYs)

● adult populations 
● the study was fully published in English. 

Exclusion criteria
● Studies that adapted published evaluations for

other settings 
● studies not considered methodologically sound
● studies that did not report results in sufficient

detail.

Reviews discussing cost-effectiveness studies of
statin treatment were not included in this review,
but were retained for use in discussion. Non-UK
cost-effectiveness studies were retained and used
to inform on possible modelling methodologies.

Quality assessment strategy
The quality of studies was assessed using a
combination of key components of the British
Medical Journal checklist for economic
evaluations,174 together with the Eddy checklist on
mathematical models used in technology
assessments.175

Results of review
Quantity and quality of research available
Electronic literature searches identified 206
potentially relevant publications. The inclusion
and exclusion criteria were applied using the titles,
abstracts and, when available online, full papers.
Of these, 173 studies did not meet the inclusion
criteria based on titles and abstracts only. Eight
UK studies were identified at this stage. More
detailed evaluations revealed that three of the
potential UK studies did not fulfil all of the
inclusion criteria. Two studies were excluded as the
results were presented in terms of costs per events
avoided.176,177 A further study was excluded as the
evaluation explored the cost-effectiveness of statins
in several international settings including the
UK.178 The results presented for the UK were not
detailed and were generated for comparison
between the countries by using country-specific
costings only. Five UK studies satisfied all
inclusion and exclusion criteria (Figure 25) and
form the basis of the review reported in this study.

Results: UK studies
Five UK studies satisfied all inclusion and
exclusion criteria and form the basis of this
review.23,179–182 All scored well on modelling
methodologies and presentation of results when
assessed.

Three179,180,182 of the five UK studies investigated
the cost-effectiveness of statins in a male
population only. Three23,181,182 explored both
primary and secondary prevention populations,
whereas two179,180 looked at primary prevention
only. Three23,179,180 defined their target population
as being at risk of CVD, whereas two181,182 used
CHD risk levels. Three23,181,182 used life-table
approaches, one179 used a Markov model and
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one180 used a decision tree to compare the costs
and benefits associated with statin treatment.

Synopses of the UK studies included in the review
are given below.

Glick H, et al. A model for evaluating the cost-
effectiveness of cholesterol-lowering treatment.
Int J Technol Assess Health Care 1992;8:719–34180

Description
Glick and colleagues examine the cost-effectiveness
of various cholesterol-lowering strategies in the
USA and the UK. The costs and benefits associated
with 20mg daily simvastatin were explored. A 28%
reduction in cholesterol level was modelled based
on data from the Lipid Research Clinics Primary
Prevention Trial, while life expectancies, loss in life
expectancy following onset of CHD and treatment
costs were obtained from a UK study (referenced as
unpublished data, Drummond and McGuire,
1989). The pattern of coronary risk for a 50-year-
old man with a baseline cholesterol level of
7.5 mmol l–1 and varying risk factors – serum
cholesterol level, systolic blood pressure, smoking
habit and presence of left ventricular hypertrophy
– was examined. The model uses a Framingham
equation to calculate CHD risk before intervention
and after intervention at 5-year intervals until the
age of 75. The difference in CHD risk before and
after intervention is therefore based on the
surrogate end-point of cholesterol lowering. The

main results are presented in terms of the loss of
expected years of life due to CHD, the loss in
expected years of life that are free of CHD and cost
per life-year gained (LYG). Costs and benefits are
discounted at an annual rate of 5%. Depending on
risk factors, simvastatin increases the number of
expected years of life from between 0.41 and 
0.83 years, with an associated cost per LYG of
£22,900 and £9600 (1992 costs). 

Comments
This appears to be a well-constructed model
parameterised by relevant data available at the
time. The main criticism of the model is that statin
effectiveness is based on the surrogate end-point of
cholesterol lowering. This may not have been out
of choice, as the main clinical end-point trials were
not published at the time. A full discussion of the
issues surrounding the use of the surrogate end-
point of cholesterol lowering as opposed to clinical
end-points is discussed elsewhere in this report. 

Pharoah P, Hollingworth W. Cost effectiveness of
lowering cholesterol concentration with statins
in patients with and without pre-existing
coronary heart disease: life table method applied
to health authority population. BMJ 1996;
312:1443–8181

Description
Pharoah and Hollingworth examine the cost-
effectiveness of statins in lowering cholesterol
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Potential studies 
identified through searches

n = 206

Studies which did not match 
the inclusion criteria

n = 173

Studies excluded after 
more detailed evaluation

n = 3 UK studies
n = 6 non-UK studies

Potential studies identified 
for more detailed evaluation

n = 8 UK studies
n = 12 non-UK studies

Studies included in this review
n = 5 UK studies

n = 6 non-UK studies

FIGURE 25 Studies eliminated from or selected for the review after applying inclusion and exclusion criteria



concentration in patients at varying risk of fatal
CVD. The study examines the direct costs of statin
treatment to a local health authority. A life-table
approach was used to estimate the effect of statin
treatment on survival by comparing direct costs of
treatment offset by savings associated with
reduction in coronary angiographies, non-fatal MI
and revascularisation procedures. Effectiveness
evidence for events avoided was taken from the
Scandinavian 4S and Scottish WOSCOPS trials,
while prevalence was based on evidence from
White and colleagues.106 The average annual cost
of statin treatment was estimated to be £540 using
two-thirds of patients on 20 mg daily and one-
third on 40 mg daily, as in 4S. Costs for MI and
revascularisation procedures were based on
published evidence. All costs and life-years were
discounted at 5%. Results were presented in terms
of costs per lives saved and LYS for men and
women. Using statin therapy for 10 years, the
average cost-effectiveness for men aged 45–64
with no history of CHD and a cholesterol
concentration greater than 6.5 mmol l–1 was
£136,000 per LYS. The average cost-effectiveness
for patients with pre-existing CHD and a
cholesterol concentration greater than 5.4 mmol l–1

was £32,000. 

Comments
This evaluation satisfied the majority of items used
to assess the overall quality and appeared to be
conducted well using the evidence available at the
time. However, as the authors remark, the average
figures hide enormous differences in cost-
effectiveness between groups at different risk.
Sensitivity analyses estimate figures ranging from
£6000 per LYS in men aged 55–64 with
cholesterol concentration above 7.2 mmol l–1 who
have had an MI, to £361,000 per LYS in women
aged 45–54 with a cholesterol concentration of
5.5–6.0 mmol l–1 and angina. 

Caro J, et al. The West of Scotland Coronary
Prevention Study: economic benefit analysis of
primary prevention with pravastatin. BMJ 1997;
315:1577–82179

Description
Caro and colleagues estimate the economic
efficiency of using pravastatin to prevent the
transition from health to CVD in men with
hypercholesterolaemia over a 5-year period. The
study examines the direct costs of pravastatin
treatment from an NHS perspective. Evidence
from WOSCOPS is used to inform on benefits,
average lengths of stay and cost data. Compliance
was incorporated in the daily cost of using
pravastatin (£1.66 per 40-mg tablet). Other costs

included monitoring, and costs for first hospital
admission for management of events. All costs and
benefits were discounted at 6%. A series of
analyses explored the impact of varying discount
rates, initial risk levels, efficacy of pravastatin and
costs. Main outcomes are presented in terms of
cost consequences, the number of transitions from
health to CVD prevented, the number needed to
start treatment and the cost per LYG. For men who
have non-symptomatic hypercholesterolaemia,
Caro and colleagues estimate that 31.4 patients
need to start 5 years of pravastatin treatment to
prevent one cardiovascular event, with 318 out of
100,000 men avoiding CVD. The events avoided
equate to 2460 years of life with an associated
drug cost of £23,340,984. Offsetting costs of
events prevented gives an estimated net cost of
£20,375 per LYG.

Comments
The approximate number of life-years gained
during the treatment period is 225, while the
majority of incremental life-years estimated are
gained after treatment stops: 2235. As Caro
assumes that patients who have received
pravastatin for 5 years have the same life
expectancy as the general population after
treatment stops, the benefits are overestimated. In
addition, WOSCOPS suggests that 9755 of 10,000
treated with pravastatin for 5 years would receive
no benefit, but this is not discussed or analysed. 

Pickin DM, et al. Cost effectiveness of 
HMG-CoA reductase inhibitor (statin) treatment
related to the risk of coronary heart disease 
and cost of drug treatment. Heart 1999;
82:325–32182

Description
This study is based on a Trent Institute Working
Group on Acute Purchasing study.183 Pickin and
colleagues estimate the cost-effectiveness of statin
treatment in preventing CHD and examine the
effect of the CHD risk level targeted and the cost
of statins on the cost of effectiveness of treatment
for men only. Published evidence from 23 RCTs
was pooled to give an overall estimate of clinical
effectiveness for the base case. A cohort life-table
method uses data from outcome trials to estimate
the cost per LYG from lifelong statin treatment at
annual CHD event risks of 4.5% (secondary
prevention) and 3.0%, 2.0% and 1.5% (all primary
prevention). Evidence for effectiveness in patients
at 4.5% risk was taken from the 4S trial, while
evidence for patients at 1.5% risk was taken from
the results of WOSCOPS. Owing to a lack of direct
trial evidence, the effectiveness of reducing
baseline risks of 2% and 3% was calculated by
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interpolating between the WOSCOPS and 4S
evidence. It was assumed that only half of the
revascularisation procedures reported in 4S were
avoided in the UK as the procedure rate is
estimated to be 50% lower in the UK than in
Sweden. A correction factor was used to adjust the
mortality rate as the population in the trial was at
higher risk of mortality than the general
population. The baseline mortality risk was
adjusted by 5% to take account of decline in CHD
mortality in the years since the trial was reported.
The annual cost of simvastatin and pravastatin was
based on the dosage used in the trials, 27 and 40
mg, respectively. Events avoided included CABG
(£5725), PTCA (£2436), admission for MI (£2306),
and admission for stroke (8823). Cost and benefits
were both discounted at 6%.

For gross discounted lifelong treatment for
simvastatin the cost per LYG ranged from £5100
to £12,500 for risk levels between 4.5% and 1.5%,
respectively. For pravastatin the results ranged
from £7400 to £18,200. Sensitivity analyses
included estimates of cost-effectiveness at varying
annual costs of statin treatment. The results were
sensitive to the cost of statins. The baseline annual
cost of simvastatin and pravastatin was £555 and
£811, respectively. This is high compared with
current annual prices of around £250–350. At
current prices the cost per LYG ranges from
approximately £8000 to £2000 at CHD risk levels
of 1.5% and 4.5%, respectively.

The study also estimates the proportion of the UK
population that will be eligible for primary
treatment at the levels of CHD risk evaluated in
the modelling. The conclusion is that although
statins are cost-effective at levels of risk as low as
1.5%, full implementation at this level would
consume almost 90% of the current expenditure
on drugs and is therefore unrealistic.

Comments
This study is unique among the UK cost-
effectiveness studies in that the main objective was
to estimate the cost-effectiveness of statin
treatment in subgroups of the population at
different levels of absolute CHD risk. The
sensitivity analysis of varying the annual cost of
statins allows an estimation of the cost-
effectiveness of statin treatment at current prices.
The results show that even at a low risk level of
1.5% the cost per LYG is well below acceptable
willingness-to-pay thresholds. The estimation of
the proportion of the population eligible for
treatment, however, suggests that implementation
at this level is not sustainable.

Ebrahim S, et al. What role for statins? A review
and economic model. Health Technol Assess
1999;3:(19)23

Description
This study is also based on the Trent Institute
Working Group on Acute Purchasing study.183

Ebrahim and colleagues use a life-table method to
compare the cost-effectiveness of statins with other
cholesterol-lowering treatments at varying levels of
CHD mortality risk. Baseline risks of CHD
mortality were used instead of the more commonly
used combined fatal and non-fatal CHD event
rates as these data are available for the other
cholesterol-lowering treatments which are
compared with statins. The study explains that a
CHD event rate of 3% equates to a CHD mortality
rate of between 1 and 1.5%. The study assumes
that there has been a 5% annual decline in CHD
mortality rates since the trials reported and has
adjusted the baseline mortality rates accordingly.
This rate is varied in a sensitivity analysis. Cost-
effectiveness was calculated assuming that patients
are treated for life. This was achieved by
extrapolating the survival curves from the trials to
a lifetime period. The effectiveness of statins is
based on a meta-analysis of 23 trials. The trials
that contributed most to the pooled estimates were
WOSCOPS (8% weighting), 4S (21% weighting),
CARE (16% weighting), LIPID (48% weighting)
and AFCAPS/TexCAPS; (2% weighting). The costs
of statins are based on the average dosage used in
the RCTs. Costs and benefits are discounted at 6%
per annum. Cost-effectiveness was estimated from
the perspective of the NHS and included direct
costs only. Results are presented for baseline
annual CHD mortality rates of between 0.5 and
6%. The cost per LYG ranges between £4802 and
£13,260 (6% and 0.5% annual mortality rate,
respectively).

Comments
Although this study is based on the same
spreadsheet model as the Pickin study, its aims
and objectives were different and the results are
therefore not directly comparable. However, after
adjusting for the difference between baseline CHD
mortality risk and baseline fatal and non-fatal
CHD risk, the cost per LYG results from this study
(£4802–13,260) are very similar to the Pickin
results (£5100–12,500).

Overview of results from the five UK studies
Comparison of the results is not straightforward
owing to the different objectives, populations and
costings used. Caro’s objective was to estimate the
economic efficiency of using pravastatin to prevent
the transition from health to CVD in men with
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hypercholesterolaemia, whereas Pickin estimated
the cost-effectiveness of statin treatment in
preventing CHD, the effect of the CHD risk level
targeted and the cost of statins on the cost-
effectiveness of treatment, and the cost-
effectiveness in subgroups of the population at
different levels of CHD risk. In comparison,
Pharoah estimated the cost-effectiveness of statins
in lowering serum cholesterol concentration on
people at varying risk of fatal CVD, and explored
the implications of changing the criteria for
intervention on costs and cost-effectiveness for a
purchasing authority.

Table 33 summarises the results from the five UK
studies described above. The results have been
adjusted to 2004 prices using inflation rates from
the Office for National Statistics (ONS) for each
year since study publication. For the majority of
studies (except for Pharoah181), the results for
primary treatment are of a similar magnitude. For

primary patients at low baseline risk of CHD the
results vary between £20,000 and £30,000. For
primary patients at high baseline risk of CHD the
results vary between £8000 and £13,000. It is
generally accepted that statins are more cost-
effective for patients at a higher baseline risk, as
shown in these studies. As patients in secondary
prevention are usually at high risk, the cost per
LYG would be expected to be lower than in
primary treatment, and this is demonstrated in the
Pickin study. The results from the Pharoah study
appear to be anomalously high compared with the
other four studies. The reason for this is unclear.
It would be expected that statins are more cost-
effective over a longer time-horizon owing to the
opportunity to accrue more benefits. The Pharoah
study has a shorter time-frame than most of the
other studies and this could partially account for
some of the differences. However, the Caro study
has a time-frame of 5 years with a cost per LYG of
£23,000.
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TABLE 33 Summary of results from the UK cost-effectiveness studies used in the review

Study Model Population (trial on which Description Central estimate 
study is based) cost/LYG (inflated

to 2004 costs)

Caro, 1997179 Markov Primary males (WOSCOPS) CHD risk: 1.5% £23,747
Drug: pravastatin
Mean age: 55 years
Discount rate: 6%
Horizon: 5 years

Glick, 1992180 Decision tree Primary (Lipid Research High risk £12,745
Clinics Primary Prevention Low risk £30,402
Trial) Drug: simvastatin

Mean age: 50 years
Discount rate: 5%
Horizon: 25 years

Ebrahim, 199923 Life table Primary/secondary CHD mortality risk: 6–0.5% 6–0.5%
Drug: composite from 23 trials £5291–14,610
Discount rate: 6%
Horizon: lifetime

Pickin, 1999182 Life table Primary (WOSCOPS), CHD risk: 4.5–1.5% 4.5–1.5%
secondary (4S) Drug: pravastatin (primary) £8154–20,053

Drug: simvastatin (secondary) £5619–13,773
Mean age: 55 years (primary, 
male), 58 years (secondary, 
80% male)
Discount rate: 6%
Horizon: life time

Phoroah, 1996181 Life table Primary (WOSCOPS) No history of CHD (primary), £180,554
Secondary (4S) pre-existing CHD (secondary) £42,483

Mean age: 55 years (primary, 
male) 58 years (secondary, 
80% male)
Discount rate: 5%
Horizon: 10 years



Results: non-UK cost-effectiveness studies
Twelve non-UK cost-effectiveness studies were
retained to inform on methodological issues for
use in the ScHARR cost-effectiveness study and as
a rough comparison of the magnitude of cost-
effectiveness results. These were reviewed with
respect to:

● model design: life table, Markov, cohort, 
patient simulation, etc.

● techniques used for applying effectiveness
evidence: cholesterol, events

● health states modelled.

Of the 12 cost-effectiveness studies originally
retained, two184,185 contained insufficient
information to assess the model structure and
methodology and one186 was based on a
previously published model187 (already included
in the review) with no further useful information.
Three studies were based on trials that failed the
inclusion criteria in the effectiveness review and
therefore, although of interest methodologically,
the results will not be included in this 
discussion. 

Of the remaining six studies the settings were: two
in primary prevention, three in secondary
prevention and one in both settings.188–193 The
primary prevention models were all based on the
WOSCOPS trial and the secondary prevention
models were based on the LIPID (two), 4S (three)
and CARE (one) trials. The studies were based on
costs in Australia (two studies), Canada, Sweden,
The Netherlands and the USA (one each). Only
one study, Johannesson194 included health state
utilities and therefore reported results in terms of
QALYs; the other studies reported cost per life-
years gained. The aim of the Johannesson study
was to estimate at what risk of CHD it is cost-
effective to initiate cholesterol-lowering drug
treatment in Sweden for men and women at
various ages. Although this is a Swedish study and
health transition rates and mortality are based on
Swedish data, this aim is comparable to the aims
of this assessment report.

Results
Johannesson194 reports the optimal 5-year risk 
cut-off at QALY willingness-to-pay thresholds of
US $40,000, $60,000 and $100,000 for men and
women between the ages of 35 and 70 years.
Table 34 shows the results for the oldest and
youngest age bands. For example, at a QALY
threshold of $40,000 (the equivalent of a £21,000
threshold), it is cost-effective to treat a 35-year-old
male at a CHD 5-year risk of 3.34% and higher.

From the other studies, in primary therapy the
cost per LYG for pravastatin ranged from $32,000
to $51,000 and in secondary therapy from
$10,000 to $13,000. Simvastatin estimates were all
based on the 4S (secondary prevention trial) and
ranged from $5,000 to $10,000.

Model design
Model design was described as Markov in two
studies,190,194 survival curve in one study,192 life
table in one study193 and spreadsheet analysis in
one study.188 One study was an economic
evaluation alongside a clinical trial.191

Health state utilities
The Johannesson study194 derived the baseline
health utility from a Swedish general population
study based on the time trade-off method. The
decrement in quality of life due to CHD was
assumed to be 0.10 based on previous studies.

Health states used and methods for modelling risk
reduction in UK and non-UK cost-effectiveness
studies
Both UK and non-UK studies were examined for
the type and frequency of health states modelled
and risk reduction methods used. This was used
as an information gathering exercise to inform
the development of the ScHARR model. The
health states modelled (not including death) are
shown in Table 35. MI, revascularisation, angina,
stroke and TIA were the most frequent.
Revascularisation is high on the list as some
studies were specifically exploring the use of
statins following PCI.
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TABLE 34 Optimal risk cut-off for different willingness-to-pay thresholds

Age (years) $40,000 $60,000 $100,000

Men Women Men Women Men Women

35 3.34 2.95 2.45 1.99 1.66 1.24
70 21.36 20.30 10.37 9.10 5.90 4.96



Of the models examined, four used a relative risk
approach (three based on WOSCOPS and one
based on 4S), two used a cholesterol-lowering
methodology and six used other methods
(Table 36).

Several modelling approaches were used in the
published cost-effectiveness studies. The most
frequently adopted technique was to model efficacy
by applying relative risk evidence from RCTs. The
appeal of this approach is due to several factors: the
availability of relative risks in RCT publications, the
ability to synthesise relative risks to provide pooled
evidence and the potential for incorporating
relative risk within a Markov-type model. 

Cost-effectiveness evidence from
industry submissions
As part of their industry submissions to NICE,
Pfizer, Novartis, Bristol-Myers Squibb and
AstraZeneca provided information about the 
cost-effectiveness models that they had produced.
These were critiqued using the combined BMJ
and Eddy frameworks and the results of this are
shown in Appendix 28. This section describes the
main aspects of these models.

Merck Sharp & Dohme provided details of a
within-trial economic analysis for simvastatin. 
This is also discussed below.

Pfizer: cost-effectiveness model of
atorvastatin
Model overview
This economic model evaluates the cost-
effectiveness of atorvastatin compared with
placebo (and simvastatin) in the primary and
secondary prevention of CHD and CHD plus
stroke. The cost-effectiveness of atorvastatin in
particular subgroups of patients (e.g. men,
women, diabetics, and by age) is explored. Cost-
effectiveness in primary prevention populations at
different baseline 10-year risk levels (15%, 20%,
25% and 30%) is considered. 

The model was designed in Microsoft ExcelTM. 
A Markov modelling approach was adopted, using
annual cycles. Health states in the model are: fatal
MI, non-fatal MI, sudden death, stable angina,
unstable angina, fatal stroke and non-fatal stroke.
The annual likelihood of a patient experiencing a
fatal or non-fatal coronary event is determined by
one of two risk engines: the Framingham risk
prediction model195 and, for patients with
diabetes, the UKPDS risk engine.196

The base-case analysis considers lifetime costs and
benefits. Outputs are expressed as cost per QALY
gained. The cost year is 2004. All costs are taken
from the perspective of the UK NHS. Discounting
of costs and effects is performed at rates of 6%
and 1.5%, respectively.

Summary of effectiveness data
A cohort of patients of the same age and with a
given set of risk factors, such as blood pressure
level, lipid parameters and smoking status, enters
the model. The annual likelihood of a CHD event
is predicted using risk equations. The Framingham
risk prediction model predicts the likelihood of
initial (primary) and subsequent (secondary) CHD
events for men and women separately, based on
an accelerated life model; ‘time to failure’ is
assumed to follow a Weibull distribution. The
alternative risk equation, the UKPDS risk engine,
is used for diabetic patients and is a first event
equation only. Therefore, the Framingham second
event equation is used to estimate the occurrence
of subsequent events for diabetic patients.

For modelling of primary prevention, patients are
assumed to begin without a history of CHD. Yearly
transitions to a CHD event are predicted for a
patient from the relevant risk equation. If a CHD
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TABLE 35 Health states modelled in UK and non-UK studies

Health state modelled Count

MI 8
Revascularisation 5
Stroke 4
Angina 3
TIA 2
Silent MI 1
Cardiac catheterisation 1
Coronary insufficiency 1
Coronary angiographies 1

TABLE 36 Methods used in UK and non-UK studies for
modelling the efficacy of statins

Efficacy modelled by No. of models

Relative risk (trial source) 4
4S 1
WOSCOPS 3

Cholesterol lowering via Framingham 1
Cholesterol lowering (non-Framingham 1

equation)
Hazard ratios 1
Event rates from trial data 1
Survival curves from trial data 2
Life table 2



event is predicted to take place in a given year, it
is assigned an expected cost according to the
estimated probability distribution of event types.
The source of these data is unclear and it was not
possible to verify where they came from. Each
event type is assigned a discounted lifetime cost. 
If the CHD event was non-fatal, a second risk
equation predicts the yearly conditional
probability of transition to a subsequent CHD
event, and the expected cost of subsequent events
is estimated as above. If a CHD event is not
predicted to take place in a given year, the
patient’s age-specific mortality rate is estimated
from national all-cause death rate tables. The
cumulative transition probabilities to death allow
life-years gained to be calculated. For secondary
prevention analyses, the patient enters the model
with a history of CHD, and the Framingham
second event risk equation is used to predict the
subsequent risk of further CHD events (patient is
at higher risk of subsequent events). Data sources
for risk factors used in the model are the Health
Survey for England (HSE) 1998197 and Health
Survey for England Trends 2003. Baseline
cholesterol (total and HDL) is taken from
WOSCOPS and 4S.

Efficacy of interventions
The Framingham risk equations used in the model
work on the ratio of plasma total cholesterol to
HDL-C. The treatment effect of alternative statin
therapies on this ratio drives the event rates in the
model. These parameters are taken from a meta-
analysis for all licensed doses. They are based on a
weighted mean percentage reduction of each
statin, derived by multiplying the efficacy of each
dose of each statin by the proportion prescribed
during the 6 months from December 2003 to 
May 2004. 

The percentage mean decrease in total cholesterol
and mean increase in HDL-C will play a key part
in influencing the cost-effectiveness results. Long-
term trials have shown that total cholesterol levels
reduce in the short term, but increase slightly
before levelling off at around 1 year. The

surrogate modelling in the ScHARR model uses a
total cholesterol decrease of 25% and an HDL
increase of –0.009 (i.e. an increase from baseline).
This is based on the ASCOT-LLA and CARDS
trials. These trials were chosen for reasons
described in the effectiveness section of this
report. The Pfizer estimates of a 33% decrease in
total cholesterol and a 7% increase in HDL are
mainly based on short-term trials (Table 37). For
reasons not given, neither ASCOT-LLA nor
CARDS is included in their meta-analysis.

No discussion of the potential limitations of the
use of the Framingham equations is given. There
is also no discussion of the relationship between
cholesterol lowering and clinical end-points. No
attempt has been made to use the results from the
major outcomes trials for atorvastatin for
validation purposes.

CVD events are modelled by increasing the
number of coronary events predicted by the
primary and secondary risk equations, using the
ratio of non-haemorrhagic strokes to CHD events
reported in cause-specific mortality tables for
England and Wales in 2001: 0.32 for men and
0.68 for women.198 The proportion of stroke
events that are fatal/non-fatal is set in line with
fatal/non-fatal CHD events, as determined by
Framingham risk equations which vary with age,
on average being 23% fatal for first events and
39% fatal for second events. When costing stroke
events it is assumed that the proportion that is
fatal (30%) or non-fatal (70%) is in line with the
proportion of fatal or non-fatal CHD events as
determined by the Framingham risk equations.
This varies with age, but averages approximately
23% fatal for first events and 39% fatal for second
events.

It is assumed that the treatment effect of statins
(lowering of total cholesterol and increases in
HDL-C) does not occur until the end of the first
full year of treatment. This is based on evidence
from statin therapy trials indicating that risk
reduction is typically delayed by around 12 months.
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TABLE 37 Efficacy of model interventions for all licensed doses, from meta-analysis

Intervention % mean change in TC (SD) % mean change in HDL-C (SD)

Atorvastatin –32.9 (1.8) +7.1 (1.1)
Simvastatin –24.6 (2) +7.5 (2.6)
Placebo 0 0

SD, standard deviation; TC, total cholesterol.



An annual continuation rate at which a patient is
likely to continue taking medication can be set
between 0 and 1, although in the base-case this is
set to 1 and no sensitivity analysis is reported. 

Cost and resource use
Therapy costs are based on drug costs. For
atorvastatin this is based on 2004 prices as quoted
in the BNF.49 The price of generic simvastatin is
based on the likely reimbursed prices as from
1 September 2004.45

Costs are assigned to each type of event (fatal or
non-fatal MI, sudden death, stable or unstable
angina and fatal or non-fatal stroke) (Table 38).
Event costs have been taken from the UK
Prospective Diabetes Study.200 They are based on
the hospital inpatient costs associated with these
complications in diabetic patients in the year in
which the complication occurred. The cost of
ischaemic heart disease (£1959) is used as a proxy
for angina and the cost of heart failure (£2221) as
a proxy for unstable angina. The same source was
used to obtain estimates of the subsequent
increase in annual non-inpatient costs associated
with a vascular event. These are diabetic patients
and therefore these costs may be higher than the
cost of these events for a non-diabetic population,
owing to complications and co-morbidities in the
diabetic population.

The weighted average for a coronary event is
used. A reweighted average for coronary and
stroke events is used if stroke is included as an
outcome. 

The stroke costs appear low, relative to other
published papers on the cost of stroke in the

UK.201,202 The cost of a fatal stroke is higher than
the cost of non-fatal stroke, which is surprising
given that stroke patients, particularly those who
have experienced a major stroke, are likely to
require substantial long-term care.

No adverse events are costed. This is not justified
in the text, but is not likely to be a significant issue. 

Utilities
The default utility values in the model are 0.83
QALYs for a person who has not had a CHD
event, in line with population norms,203 and 0.75
for individuals who have experienced a CHD
event. This is a weighted decrement in line with
estimates from Clarke and colleagues204

suggesting permanent utility decrements of 0.055,
0.09 and 0.108 for patients as a result of an MI,
ischaemic heart disease and heart failure,
respectively. For stroke the decrement is taken
from the same source and is set at 0.164.204

If only CHD events are being considered, the first
CHD event is associated with a decrement to 0.75
and a second CHD event generates a subsequent
multiplicative reduction. If CHD and stroke events
are being considered, the CHD and stroke utility
decrements are first weighted by the male or
female proportion of CHD to stroke events, and
the resulting weighted decrement is then applied
to first and second CHD and stroke events
multiplicatively.

Results
The results are presented for CHD and stroke
combined, and not for CHD only. Only a very
limited discussion of the results is provided.

In secondary prevention, for a non-diabetic
population, incremental cost-effectiveness ratios
(ICERs) are between £3200 and £5000 for men
and £4500 and £5900 for women. For a diabetic
population these fall to below £3000. The results
indicate that atorvastatin is generally more cost-
effective in men for non-diabetics, but slightly
more cost-effective in women in a diabetic
population. The ICERs are lower for younger
patients (aged 50 years) than for older patients
(aged 70 years).

In primary prevention, ICERs range between
£1200 (female, aged 50 years at 30% 10-year risk)
and £7300 (male, aged 70 years at 15% 10-year
risk). Across all scenarios ICERs decline as
baseline risk increases. The ICERs are lower in
younger patients (50 years) than in older patients
(70 years), given the same baseline risk. The
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TABLE 38 Unit cost (£) of CHD and CVD events

Event Cost (£)

Sudden death 406
Angina 1959
Unstable angina 2221
Fatal MI 1152
Non-fatal MI 4070
Unstable MI 2926
Non-fatal stroke 2367
Fatal stroke 3383
Follow-on cost (CHD) 258
Follow-on cost (stroke)a 258

a Potential error in follow-on cost: estimates for each
year subsequent to the year in which the event
occurred given in Clarke et al. (2003)200 were not the
same for fatal stroke and fatal MI.



ICERs are generally lower in women (except for
women aged 50 years at 10-year risks of 15% 
and 20%).

The reported ICERs in primary prevention for a
man aged 50 years at 20–30% 10-year risk are
lower than the ICER for a man aged 50 years with
existing CHD (with a total cholesterol of
6 mmol l–1). This is counter-intuitive. It seems
more likely that a person who has already had a
CHD event would, on average, be at significantly
greater 10-year risk than 20% and it might
therefore be expected to be more cost-effective to
treat these patients. No comment or explanation is
given in the results or discussion section.

Results are also reported for atorvastatin compared
with simvastatin. The ICERs for secondary
prevention all fall below £17,000 for non-diabetics
and £11,000 for diabetics. In primary prevention
the ICERs range between £4200 (female, smoker,
diabetic, aged 50 years at 30% 10-year risk) and
£23,100 (male, aged 70 years, non-diabetic, non-
smoker at 15% 10-year risk).

Sensitivity analysis
Limited univariate sensitivity analysis was
undertaken looking at changes to the discount
rates for costs and benefits. The ICER for
atorvastatin compared with placebo did not exceed
£14,000.

Probabilistic sensitivity analysis (PSA) was
undertaken. Each PSA was based on 1000
iterations. The distributions used were not
detailed in the report. The PSA is reported for a
willingness to pay of £20,000. The numbers given
in Appendix E are the same as those reported in
Table 17 of the main report. The acceptability
curves for willingness to pay of £20,000 per QALY
are shown for primary prevention, for CHD and
stroke, for the comparison of atorvastatin with
simvastatin, but not for atorvastatin with placebo.
There is no discussion of how this curve may differ
for other scenarios.

Summary
The model structure is reasonable and flexible.
However, little justification is provided for the
methods and data sources used, or how these may
impact on results. For instance, there is no
discussion of the use of cholesterol lowering to
predict CHD events indirectly rather than the use
of relative risks taken directly from trials. 

Results are not shown for CHD outcomes alone, or
for 10-year risk levels below 15%. Little discussion

of results is given. This would have been helpful,
particularly to explore in more depth the reasons
for the results for primary prevention being lower
than for secondary prevention.

Novartis: cost-effectiveness model of
fluvastatin
Model overview
The Novartis model explores one specific
application of statins in secondary prevention: for
patients following PCI. The model is based on the
LIPS trial.110 LIPS was the first large RCT designed
to determine the effect of statin treatment on
clinical outcomes following a successful PCI. The
primary outcome of LIPS was the survival time for
which patients remain free of major adverse
cardiac events (MACE), defined as cardiac death,
non-fatal MI or an intervention procedure.

The trial involved 1677 patients (84% male), 
aged 18–80 years (mean age 60 years) with
stable/unstable angina or silent ischaemia in
Europe, Canada and Brazil. Baseline cholesterol
was between 135 and 270 mg dl–1. Follow-up was
for 3–4 years. Exclusion criteria included
hypertensives (trial mean blood pressure was
128/75), previous intervention, severe valvular
disease, idiopathic cardiomyopathy, congenital
heart disease and severe renal function. Patients
were assessed at 6 weeks and thereafter at 
6-monthly intervals.

The trial compared fluvastatin IR (see below)
40 mg twice daily plus diet and lifestyle
counselling versus diet and lifestyle counselling
alone. The results were favourable and particularly
significant within a predefined subgroup of
diabetics. The risk of MACE was lower in the
subgroup of patients with diabetes in the
fluvastatin arm compared with the placebo group
(21.7% versus 37.8%, RR 0.53).42

Fluvastatin is available in two formulations: IR, 
an immediate-release formulation and XL, an
extended-release formulation. Fluvastatin XL has
been shown to be more effective than fluvastatin
IR, 40 mg once daily, and equally as effective as
fluvastatin IR, 40 mg twice daily. However, as the
model is based on LIPS, efficacy relates to the IR
formulation.

The model has a Markov structure programmed
in Data 4.0 Treeage software. Cycle time is
1 month. Patients enter as ‘healthy after first PCI’.
Patients can remain healthy post-PCI or move to
AMI or death (cardiac/other), or have a
subsequent PCI/CABG. Patients cannot return to
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the ‘healthy after PCI’ state. Patients in the AMI
state can recover and remain healthy, suffer a
further MI which incurs a decreased quality of life
and increased costs, undergo PCI/CABG or die.
Patients in the PCI/CABG state can undergo
further interventions or have secondary 
fatal/non-fatal events. The time-horizon is
10 years.

Health states and disease progression are shown in
Figure 26.

Summary of effectiveness data
The model uses the event rates which form the
composite primary end-point (MACE index) in
LIPS after converting them to monthly
probabilities. The model uses the same rates for
both arms until the time-point where the survival
curves begin to separate in the trial. Event 
rates are therefore constant for both arms for 
all states except for AMI after 28 months, PCI

after 18 months and cardiac death after 3 months.
The trial was insufficiently powered to detect
differences in events subsequent to the first event
and the assumption is made that subsequent
events were the same for both arms. This is a
conservative assumption. The model results are
therefore driven by the difference in event rates
for the states of AMI, PCI and cardiac death for
first events and from the time-points listed 
above. 

Costs and resource use
An NHS perspective is used. Sources for inpatient
procedures and outpatients are NHS reference
costs. All costs appear reasonable, except that
Lescol XL is used instead of Lescol under the
assumption that the efficacy is the same (this
appears to be the case from the clinical
effectiveness section of the report). The impact of
the price difference between Lescol and Lescol XL
is examined below.
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FIGURE 26 Health states and disease progression

TABLE 39 Utility weights

State Health state utility weights Distribution Event/procedure (transition) Distribution
(SD) utility weights (SD)

Remain healthy 0.86
AMI 0.78 (0.15) Beta 0.083 (0.028) Beta
PCI 0.86 (0.16) Beta 0.042 (0.014) Beta
CABG 0.86 (0.16) Beta 0.059 (0.020) Beta



Utilities
Several references are given for utility sources.205–207

Subsequent AMI, PCI or CABG assigned disutility
weights were subtracted from the utility score to
take into account the decrease in their health
status during that transition period (Table 39):

● healthy: 0.86205

● PCI and CABG patients, utility weights of 
0.70 for 2 months before the intervention (to
represent decreased quality of life from 
angina)

● 0.69 and 0.68 for PCI and CABG in the month
of intervention

● 0.78 for 2.5 months post-CABG for recovery
from surgery

● AMI patients were assigned disutility of 0.0825
over 3 months to account for a period of
recovery and were assumed to have lower post-
AMI utility (0.78), irrespective of subsequent
interventions.

Model outputs
Outputs are costs and health outcomes of statin
therapy following successful PCI (subgroup
analysis of diabetics). Results are reported as costs
per QALY.

Results
The base-case cost per QALY is £3200 for all
patients and £1900 in the diabetic subgroup.

PSA
For a willingness-to-pay threshold of £10,000 per
QALY, fluvastatin was cost-effective in 84.8% of
cases, and for a threshold of £30,000 the
probability of cost-effectiveness was 97.6%.
Fluvastatin was cost-saving in 25% of cases.

One-way sensitivity analysis
Various one-way sensitivities were performed. The
parameter with the greatest impact was the time-
horizon. Over 25 years fluvastatin dominated; at
5 years the ICER increased to £21,000. 

Summary
This is a reasonably well-constructed model.
Efficacy is based on an international trial across
Europe, with centres from Canada and Brazil
included. PCI rates in these countries were not
discussed and it is difficult to know how applicable
the results are for the UK. It is unclear why
Novartis decided to focus on post-PCI patients, as
the justification for this is not given. It may be
because the “prevention of coronary events after
percutaneous coronary intervention” is specifically
mentioned in the licensed indications. However,

the other statins are not necessarily excluded for
this use. 

A failing with the model is validation against trial
data. Validation of this type would help to
determine how accurate the model is in predicting
event rates.

Although efficacy is based on Lescol, the cost of
the cheaper Lescol XL is used in the model. If
clinicians prescribe Lescol XL 80 mg post-PCI
then this is not an issue. However, if they prescribe
the more expensive Lescol at two 40-mg doses
then this analysis will be biased in favour of
fluvastatin. Using the cost of Lescol increases the
ICER from £3000 to £13,000.

Bristol-Myers Squibb: cost-effectiveness
model of pravastatin
Model overview
This is an individual patient-level simulation
model comparing treatment with pravastatin
40 mg daily alongside diet and exercise compared
with diet and exercise alone. The model has been
previously published.179 There are two submodels
representing primary and secondary prevention.
The health states modelled in primary prevention
are non-CVD death, CVD death and non-fatal
CVD event, and in secondary prevention are MI,
CABG, PTCA, stroke, TIA, angina, angiography
and CVD death. Efficacy is based on the
WOSCOPS and LIPID trials, with compliance
rates assumed from these trials. The time-horizon
is 5 years maximum in both submodels based on
the average follow-up in WOSCOPS. No health
state utilities are used in the model and therefore
the results are presented as cost per life-year
gained. The model estimates costs from the
perspective of the NHS. Discounting for both costs
and health is at 3.5% per year. Various univariate
and multivariate sensitivity analyses were
performed.

Unit costs
Unit costs are not presented in the industrial
submission report. The following unit costs are
taken from an Excel spreadsheet in the submitted
model (Table 40).

Validation
No model validation is reported either in the
published study or the submission report.

Results
The results are applicable to the average age of
the participants in the trials from which efficacy
data are taken. Results for primary therapy are
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presented in 10-year CHD risk bands ranging
from 4 to 30%. 

In primary prevention the cost per LYG ranges
from £61 to £120,000 (30–4% 10-year risk) for
men and from £67 to £121,000 (30–4% 10-year
risk) for women. In secondary treatment
pravastatin dominates (costs less and is more
effective) for both men and women. At
approximately 15% 10-year risk (the approximate
average 10-year baseline risk in WOSCOPS) the
cost per LYG is around £5000–8000 for both men
and women.

Sensitivity analysis
Extensive one-way sensitivity analysis was
conducted, including discount rates, time-horizon,
increased reduced treatment costs, and upper and
lower 95% confidence intervals used for event
rates. Best and worst case scenario results are
presented. For primary prevention the best case
scenario cost per LYG ranges from £0 to £49,000
and the worst case scenario ranges from £10,000
to infinity. In secondary prevention pravastatin
dominates in all scenarios except with a 12-month
horizon.

As the results have been presented at a range of
risk levels in primary prevention, they have been
summarised here in terms of a willingness-to-pay
threshold. Three thresholds have been used:

£15,000 £20,000 and £30,000. Tables 41 and 42
show the approximate 10-year CHD risk level at
which the cost per life-year estimates are cost-
effective at a given threshold. For example,
pravastatin is cost-effective in men at risk levels of
7% and higher at a willingness-to-pay threshold of
£20,000. This falls to a 5% risk level in the best
case scenario and rises to 16% in the worst case
scenario.

Insufficient information was available in the
industrial submission to critically appraise the
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TABLE 40 Unit costs for the base scenario in the Bristol-Myers Squibb economic model

Unit costs
Scenario: Base scenario

Definition Acute event 1st year Subsequent years

Fatal MI £2725.58
Fatal stroke £5552.25
Fatal other CVD £5335.90
Angiography £826.97 £213.78 £324.52

TIA £2057.33 £154.23 £44.48

Stroke £7661.14 £8986.08 £4720.22
PTCA £2256.49 £213.78 £324.52
CABG £8141.35 £213.78 £324.52
Angina £2220.09 £231.04 £134.46
MI suspect £3893.25 £261.09 £98.06
MI £3893.25 £261.09 £98.06

Units

Monitoring frequency 2 Per year
Serum cholesterol test £5.00
GP visit £26.00
Daily cost of drug £1.06

TABLE 41 Baseline scenario: risk cut-off point at which
pravastatin is cost-effective at a given threshold

£15,000 £20,000 £30,000

Men 9% 7% 5%
Women 11% 8% 5%

TABLE 42 Sensitivity analysis: risk cut-off point at which
pravastatin is cost-effective at a given threshold

£15,000 £20,000 £30,000

Best case Men 6% 5% 4.5%
Women 7% 6% 4.5%

Worst case Men 20% 16% 10%
Women 17% 14% 11%



economic model. The model supplied is, in effect,
a ‘black box’. The only visible elements are the
inputs and the results. Although the model has
been published, without access to the calculations
involved in generating the results the reviewers
can provide no commentary as to the validity of
the results generated.

AstraZeneca: cost-effectiveness model
of rosuvastatin
Model overview
Two probabilistic models were developed to
establish the cost-effectiveness of rosuvastatin and
other available statins in the UK in treating newly
diagnosed hypercholesterolaemic patients. The
first (titration model), a 1-year model, estimates
the short-term cost-effectiveness using 12-week
cycles to titrate to higher statin doses if current
National Service Framework (NSF) targets are not
met. The second (CHD model) assesses the
relative cost-effectiveness of available statins in
comparison to no treatment, over a 20-year
period. A UK NHS perspective is taken, with the
majority of costs expressed at 2004 base prices. 

Summary of effectiveness data
The effectiveness of statins in reducing cholesterol
is based on US trials of 6 weeks’ duration. The
STELLAR208 trial provides evidence for four of
the five statins, while Ballantyne209 is the source
for the fifth one (fluvastatin). The authors identify
that the use of US data is a potential weakness
and UK-specific data (Wilson210) are used to
generate baseline total cholesterol and LDL-C
levels for a hypothetical cohort of 1000 patients.
The implications and the uncertainty in how
chemically induced reductions in cholesterol
translate to actual reductions in cholesterol-
related CHD risks over medium and longer terms
are discussed. However, as long-term evidence on
cardiac events avoided is not available for
rosuvastatin, using evidence of effectiveness based
on cholesterol reduction is reasonable. It is
claimed that a 6-week trial is sufficient to establish
percentage reduction in cholesterol as pooled
analysis of Phase III studies demonstrates that 
the majority of the effect is evident within
2 weeks. However, as the predicted cholesterol
reduction is used to generate the probabilities of
events in the long-term model, the authors are
assuming that the maximum reduction achieved
at 6 weeks is held constant over the horizon
modelled. Evidence for rosuvastatin is available
from studies of 52 weeks’ duration (Olsson125 and
Brown126), and a comparison of results with a
discussion demonstrating the validity of using
very short-term evidence to extrapolate over

20 years would increase the authenticity of the
assumption made.

The effectiveness evidence used in the cost-
effectiveness evaluation is presented in 
Appendix 29, Table 148. 

The authors state that beta distributions are used
to explore uncertainty in the effectiveness
evidence, but the complementary log–log
distribution has been used.211 This is an obscure,
rarely used distribution and the arguments used to
support this choice are unclear. It is felt that a
more transparent explanation for the choice of
distribution, supported by examples of relevant
use in published evidence, should have been
provided in the text.

Difficulties were encountered in generating results
from the Excel model provided; hence, it was
impossible to examine what difference using an
alternative distribution would have made to the
results. However, it is not thought that the choice
would have a huge impact on the results generated. 

Framingham equations are applied using 4-year
cycles to predict events using either the statin
induced or sampled baseline cholesterol levels for
the treatment and comparator cohorts,
respectively. The authors refer to recent
publications, which suggest that the Framingham
equations overpredict events for a UK population.
Based on this evidence, they conservatively
recalibrate the number of initial events
predicted.212 As the source evidence does not
provide details on possible overprediction on
secondary events, the authors use the ratio from
the reduction in initial events to adjust the
number of secondary events. For secondary
disease, again conservatively, they model first
events only. However, as it is assumed that
everyone commences in the stable angina state,
the costs and benefits accrued through secondary
events avoided are maximised. The time-horizon
used is 21 years from a starting age of 55 years.

As discussed in the report, using Framingham
equations to predict events is not ideal. However,
conservative assumptions have been made
throughout this part of the modelling and it is not
thought that the number of events will have been
overestimated.

Non-compliance, withdrawal and failure to titrate
in accordance with guidelines are not modelled. 
It is acknowledged there is limited published
evidence on long-term adherence to prescribed
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doses, and the impact this has on the reported
effectiveness of statins. However, there is
published evidence that suggests that the expected
cholesterol reductions seen in trials are not
observed in general clinical practice.213 The
evaluation would have been improved if this had
been discussed in the text, together with a
sensitivity analysis exploring its impact on the
number of predicted events avoided and the
resulting cost-effectiveness ratios. 

Cost and resource use
Unit costs for acute coronary syndromes are based
on a report by Palmer and colleagues,214 using
patient-level data from the PRAIS-UK study.
Probability distributions are provided for both
costs and resource use. Stable angina is
differentiated from acute coronary syndrome by
assuming a lower probability of undergoing a
revasularisation procedure. 

A weighted average of costs incurred through
severity of stroke costs is taken from Youman and
colleagues,202 while a Derichlet distribution is used
to model the proportions of stroke severity. The
ratio of TIA to first ischaemic stroke excluding
subarachnoid haemorrhage is 35:164 based on
evidence from Mant and colleagues.215

The costs associated with adverse events are
excluded based on the claim that there are no
significant differences between adverse event rates
among the statins modelled, which is reasonable. 

The tables used for costs are given in
Appendix 30, Tables 150–154.

Utilities
QALYs are calculated by applying utility values
taken from published studies. Patients free of
disease are assigned values of 1, or perfect health
(Table 43). The utility values and reference sources

seem reasonable given the lack of published
evidence and the uncertainty surrounding the
quality of life experienced by patients in the
specific health states modelled. 

Model outputs
Outcomes generated include the proportion of
patients attaining NSF cholesterol targets, the cost
per patient to achieve target, the incremental cost
per life-year gained and the incremental cost per
QALY for both primary and secondary disease. 

Results
Results from the titration model are presented in
Table 44 in terms of the proportion of patients
achieving NSF cholesterol targets. The figures
estimated demonstrate that more patients taking
rosuvastatin attain target cholesterol levels on
lower doses than any of the other statins. However,
it is felt that presenting evidence in this way is
misleading. If a patient does not achieve a target
level this does not mean that they do not gain
benefits from treatment, but this is not stated
overtly in the text.

Base-case results for the long-term CHD model
are presented in terms of cost per QALY for men
and women separately. The main results are
presented in Table 45, and the model also
compares atorvastatin, simvastatin and pravastatin
with no treatment. 
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TABLE 43 Utility used in the AstraZeneca submission

Health state Rosuvastatin mean (SE) Distribution Source

CHD free 1.00 None Assumption
Angina 0.78 (0.016) Log-normal Lacey216

MI year 1 0.683 (0.015) Log-normal Lacey216

Post-MI 0.718 (0.016) Log-normal Lacey216

Stroke mild 0.740 (0.026) Log-normal Sandercock217

Stroke moderate 0.740 (0.026) Log-normal Sandercock217

Stroke severe 0.380 (0.046) Log-normal Sandercock217

TIA 1.00 None Assumption
CHF 0.683 (0.020) Log-normal Assumption
PAD 0.750 (0.022) Log-normal Bosch218

TABLE 44 Percentage of patients achieving target at each dose
of statin

10 mg 20 mg 40 mg 80 mg

Rosuvastatin 87.2% 8.5% 4.3%
Atorvastatin 77.8% 12.2% 6.7% 3.3%
Simvastatin 36.6% 18.6% 8.7% 36.1%
Pravastatin 0.0% 35.0% 65.0%
Fluvastatin 0.0% 37.5% 62.5%



An additional scenario explores the cost-
effectiveness of statins in ‘high-risk’ patients,
where patients are assumed to be drinkers and
smokers (Table 46).

Probabilistic analysis
Monte Carlo simulations using 5000 iterations for
each scenario are used to generate samples from
the distributions. The results imply that
rosuvastatin is the most optimum strategy in terms
of life-years and QALY outcomes. 

At a willingness to pay of £10,000 per life-year,
secondary prevention in men with rosuvastatin has
a 70% probability of being cost-effective, while for
the cost per QALY analysis rosuvastatin is optimal
at less than £15,000 per QALY and has a 70–80%
probability of being cost-effective at around
£20,000. In women, secondary prevention is likely
to be cost-effective with rosuvastatin in terms of
life-years with a probability of approximately 80%
at a £20,000 willingness to pay, while in QALY
terms rosuvastatin is optimal at approximately
£30,000 per QALY.

Sensitivity analysis
A wide range of sensitivity analyses is presented,
including different costs for simvastatin that reflect
the predicted generic market, using different
starting doses for each statin, higher and lower
baseline cholesterol levels and lower target

cholesterol levels. However, it is felt that a more
exhaustive list could have been provided to enable
a full understanding of the implications of varying
several of the assumptions and values used. 

Summary
A comprehensive list of parameter values used in
both the base-case and sensitivity analyses is
provided, together with distributions used in the
probabilistic analyses, although it is difficult to
extract a figure that could be used to represent a
unit cost for an avoided event. A discussion of how
some of the modelling assumptions may affect the
results is included, but this could have been
expanded. 

The results suggest that it is more cost-effective to
treat primary than secondary patients. The
authors suggest that this may or may not represent
reality and is due to the conceptual approach
adopted in their model. It is suggested that the
anomaly is partially explained by the fact that the
model allows a maximum of two events (one
primary and one secondary) and thus represents a
conservative approach. 

Overall, the evaluation was thorough, and appears
to have been conservative throughout. However,
there are some concerns regarding several
methodological issues. The results would have
been more credible if they had been justified in
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TABLE 45 Summary of base-case cost-effectiveness ratios from AstraZeneca submission

Rosuvastatin vs Fluvastatin vs Rosuvastatin vs 
no treatment no treatment fluvastatin

Cost per Cost per Cost per Cost per Cost per Cost per 
LYG QALY LYG QALY LYG QALY

Male base case (primary) 4,088 2,784 3,174 2,164 7,685 5,214
Female base case (primary) 7,367 4,730 5,725 3,668 14,156 9,165
Male base case (secondary) 7,611 13,373 6,596 11,520 11,001 19,728
Female base case (secondary) 10,775 31,373 9,021 25,903 17,550 54,023

TABLE 46 Summary of high-risk cost-effectiveness ratios from AstraZeneca submission

Rosuvastatin vs Fluvastatin vs Rosuvastatin vs 
no treatment no treatment fluvastatin

Cost per Cost per Cost per Cost per Cost per Cost per 
LYG QALY LYG QALY LYG QALY

Male high risk (primary) 3,140 2,023 2,441 1,573 5,632 3,631
Female base high risk (primary) 4,843 3,060 3,754 2,368 8,988 5,712
Male high risk (secondary) 10,515 19,001 9,208 16,579 14,796 27,061
Female base high risk (secondary) 9,751 24,412 8,231 20,279 15,169 40,280



some way by a validation of the model structure or
the number of events predicted and modelled in
the primary and secondary analyses. Problems in
using the Excel model provided have made a full
exploration of the model difficult.

Merck Sharp & Dohme: within-trial
analysis – cost-effectiveness of
simvastatin in the HPS
The MSD submission presented results from
within trial economic analyses of 4S (secondary
prevention) and HPS (primary prevention). The
submission did not include an economic model.

Cost-effectiveness of simvastatin in 4S
This is an updated analysis of the 4S analysis
based on the methods used by Jonsson and
colleagues.219 Limited details are provided in the
report. Cost-effectiveness results are presented as
cost per life-year saved. The cost of simvastatin is
based on the August 2004 drug tariff, and dosages
from the trials (10 mg 0.1%, 20 mg 61.6% and
40 mg 31.6%). 

Unit costs of hospitalisation, based on diagnosis
related groups (DRGs), were combined with the
number of hospitalisations for CVD events
recorded in the trial. The incremental drug cost
per patient randomised to simvastatin versus
placebo was £1017. During the trial period the
cost of hospitalisations was reduced by £483 per
patient receiving simvastatin.

The total discounted gain in life expectancy was
0.240 years and the incremental cost per
discounted life-year gained was estimated at
£2011. No quality of life data are presented.
Results of sensitivity analysis are presented, giving
a range of £1280–2750 for variations in life
expectancy, additional laboratory costs and
varying discount rates. 

Cost-effectiveness of simvastatin in HPS
Cost-effectiveness results are presented as the cost
per major vascular event avoided and the cost per
vascular death, and are therefore not directly
comparable with other studies.

Estimates are based on resources used within the
5-year trial period. Treatment costs are based on
2001 UK prices for both simvastatin and hospital
costs. 

The difference in the cost of statin use was around
£1500 per person over 5 years. Patients on
simvastatin showed a significant 22% reduction in
hospital costs. The vascular event costs were

reduced by £264–847 per patient, depending on
the patient’s risk. The cost of avoiding a major
vascular event was £11,600 (95% CI £8500 to
£16,300). The cost of the additional statin was
offset by the cost of reductions in vascular events,
which ranged from 56% in the highest risk group
to 18% in the lowest risk group. 

Summary of key issues arising from
industry submissions
A comparison of the company submissions is
complicated because of the different objectives
and methodologies used. The time-horizon is one
element that has a significant impact on cost-
effectiveness results, and the horizons in the four
models varied between 5 years and lifetime. 

The main points from the company submissions
are summarised in Table 47.

Issues arising
Of the four models submitted, two (Pfizer and
AstraZeneca) used the surrogate end-point of
cholesterol lowering and two (Novartis and
Bristol-Myers Squibb) used clinical end-points.
The issues relating to modelling the cost-
effectiveness of statins by using surrogate end-
points are discussed in the section ‘Effectiveness of
statin treatment’ (p. 91). One of the issues that
may impact on cost-effectiveness was highlighted
in a study by Morris,220 which found that
Framingham equations substantially
underestimated non-fatal MI, resulting in a lower
incremental cost per life-year gained when effects
due to cholesterol lowering were compared with
the results of the WOSCOPS trial. The likelihood
is that this difference will be exacerbated when
utilities are applied to calculate QALYs. Another
issue with cholesterol-lowering modelling is the
choice of trials on which to base the estimate of
the percentage change in cholesterol due to the
effect of the drug. For instance, the Pfizer meta-
analysis included all of the short-term trials and
excluded two major long-term studies. 

A problem with the Bristol-Myers Squibb model
was the lack of transparency. The model provided
did not allow an in-depth examination of the
model structure. The published report and
industry submission report did not provide
enough information to compensate for this lack of
transparency. 

Comparison of results
Of the two submissions using clinical end-points,
Novartis evaluated secondary treatment only,
whereas Bristol-Myers Squibb evaluated primary

Health Technology Assessment 2007; Vol. 11: No. 14

81

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.



Economic analysis

82 T
A

B
L
E

 4
7

Su
m

m
ar

y 
of

 a
ll 

in
du

st
ry

 s
ub

m
iss

io
ns

P
fiz

er
 (

at
or

va
st

at
in

)
N

ov
ar

ti
s 

(f
lu

va
st

at
in

)
B

ri
st

ol
-M

ye
rs

 S
qu

ib
b 

A
st

ra
Z

en
ec

a 
M

er
ck

 S
ha

rp
 &

 D
oh

m
e 

(p
ra

va
st

at
in

)
(r

os
uv

as
ta

ti
n)

(s
im

va
st

at
in

)

D
ise

as
e 

ar
ea

C
H

D
 a

nd
 s

tr
ok

e
Pr

ev
en

tio
n 

of
 c

ar
di

ac
 

C
H

D
/C

VD
C

H
D

/C
VD

C
H

D
/C

VD
ev

en
ts

 fo
llo

w
in

g 
PC

I

Re
su

lts
: s

ec
on

da
ry

a
£3

.2
–5

.0
 (m

en
), 

£4
.5

–5
.9

 
£3

.2
 (a

ll 
pa

tie
nt

s)
Pr

av
as

ta
tin

 d
om

in
at

ed
 

£1
3–

19
 (m

en
), 

£2
4–

31
 

C
os

t 
pe

r 
LY

G
: £

1.
2–

2.
7

(w
om

en
)

(w
om

en
)

Re
su

lts
: p

rim
ar

ya
£1

.9
–7

.3
 (m

en
), 

£1
.2

–5
 

N
A

C
os

t 
pe

r 
LY

G
: £

0.
06

1–
12

0 
£2

–3
 (m

en
), 

£3
–5

 (w
om

en
)

C
os

t 
pe

r 
m

aj
or

 v
as

cu
la

r 
(w

om
en

)
(m

en
), 

£0
.0

67
–1

21
 (w

om
en

)
ev

en
t 

av
oi

de
d:

 £
8.

5–
16

M
et

ho
d

Su
rr

og
at

e 
en

d-
po

in
t 

M
ar

ko
v

M
ar

ko
v

Su
rr

og
at

e 
en

d-
po

in
t 

W
ith

in
-t

ria
l e

co
no

m
ic

 
(c

ho
le

st
er

ol
 lo

w
er

in
g)

 u
sin

g 
(c

ho
le

st
er

ol
 lo

w
er

in
g)

 u
sin

g 
an

al
ys

is:
 4

S 
(s

ec
on

da
ry

), 
Fr

am
in

gh
am

Fr
am

in
gh

am
H

PS
 (p

rim
ar

y)

M
od

el
 v

al
id

at
io

n
N

on
e

N
on

e
N

on
e

N
on

e
N

A

T
im

e-
ho

riz
on

Li
fe

tim
e 

(m
ax

im
um

 a
ge

 
10

 y
ea

rs
5 

ye
ar

s
20

 y
ea

rs
5 

ye
ar

s
99

 y
ea

rs
) 

Is
su

es
Su

rr
og

at
e 

en
d-

po
in

ts
 u

se
d 

Ve
ry

 s
pe

ci
fic

 a
pp

lic
at

io
n,

 
In

su
ffi

ci
en

t 
in

fo
rm

at
io

n 
w

as
 

Su
rr

og
at

e 
en

d-
po

in
ts

 u
se

d;
 

N
on

e
w

he
n 

cl
in

ic
al

 e
nd

-p
oi

nt
s 

fo
llo

w
in

g 
PC

I. 
N

o 
ot

he
r 

av
ai

la
bl

e 
w

ith
in

 t
he

 in
du

st
ria

l 
ho

w
ev

er
, c

lin
ic

al
 e

nd
-p

oi
nt

s 
ar

e 
av

ai
la

bl
e

an
al

ys
is 

un
de

rt
ak

en
su

bm
iss

io
n 

to
 c

rit
ic

al
ly

 
ar

e 
un

av
ai

la
bl

e
ap

pr
ai

se
 t

he
 e

co
no

m
ic

 m
od

el

TC
 a

nd
 H

D
L 

ta
ke

n 
fr

om
 

Pr
im

ar
y 

re
su

lts
 a

re
 lo

w
er

 
sh

or
t-

te
rm

 t
ria

ls;
 m

aj
or

 
th

an
 s

ec
on

da
ry

 (c
ou

nt
er

-
lo

ng
-t

er
m

 t
ria

ls 
ex

cl
ud

ed
in

tu
iti

ve
)

Pr
im

ar
y 

re
su

lts
 a

re
 lo

w
er

 
th

an
 s

ec
on

da
ry

 (c
ou

nt
er

-
in

tu
iti

ve
)

a
A

ll 
co

m
pa

ny
 r

es
ul

ts
 a

re
 c

os
t 

pe
r 

Q
A

LY
 (£

,0
00

) c
om

pa
re

d 
w

ith
 p

la
ce

bo
 u

nl
es

s 
ot

he
rw

ise
 s

ta
te

d.



and secondary treatment. Of the two models using
surrogate outcomes, the results are similar in
primary treatment, with costs per QALYs all being
below £10,000. The results for men and women,
however, are reversed in these submissions in that
atorvastatin was found to be more cost-effective in
women, whereas rosuvastatin was found to be
more cost-effective in men. However, the numbers
are of a similar magnitude for both drugs in either
gender. When comparing results between primary
and secondary prevention treatment in the Pfizer
and AstraZeneca models, the message is
conflicting. In the Pfizer model there is little
difference in cost-effectiveness between primary
and secondary treatment, whereas in the
AstraZeneca model secondary prevention is less
cost-effective than primary prevention.

The two submissions using clinical end-points had
different objectives. Novartis evaluated fluvastatin
for the prevention of cardiac events following PCI,
whereas Bristol-Myers Squibb evaluated
pravastatin in CHD/CVD prevention. In secondary
treatment pravastatin dominates in the base case
and in all sensitivity scenarios except for a 
12-month horizon. Fluvastatin does not dominate,
but the cost per QALY is very low at £3200. In
primary prevention, the results vary significantly
for pravastatin, between £61 (at 30% 10-year CHD
risk) and £121,000 (at 4% 10-year CHD risk) per
LYG. At the average baseline risk (15%) seen in
WOSCOPS, the cost per LYG is around
£5000–£8000 for both genders.

The within-trial economic analysis of simvastatin
produced results in secondary prevention of a
similar magnitude to the Novartis and Pfizer
evaluations. The primary cost-effectiveness results
are presented as the cost per major vascular event
avoided and are therefore not directly comparable
with the other studies.

Overall, considering the differences in techniques
and objectives, the results could be considered to
be of a similar magnitude in both primary and
secondary treatment. The exception is perhaps the
secondary prevention results from the AstraZeneca
model, which are higher than the other
evaluations and are also higher than the primary
prevention results from the same model. 

ScHARR economic analysis
Objectives
The primary aim of this evaluation is to appraise
the cost-effectiveness of the use of statins for the

management of patients at increased risk of death
or other cardiovascular events from CHD and to
advise on any patient groups for which statins may
be particularly appropriate. A secondary objective
is to identify the appropriate level of risk of
development of CHD at which to intervene with
statins. 

The analyses focus on the cost-effectiveness of
statins as a group, taking into account the
combined evidence base for all statins. Given that
many statins are commonly used outside their
licensed indications, the analyses are not restricted
to the licensed indications.

Overview of modelling methodology
and structure
A Markov model was developed to explore the
costs and health outcomes associated with a
lifetime of statin treatment, using a UK NHS
perspective. Data from UK epidemiological studies
are used to inform event rates, combined with
results from a meta-analysis of statin RCT
evidence to model the relative risk reductions of
event rates for patients with and without statin
therapy. Input parameters are assigned probability
distributions to reflect their imprecision, and
Monte Carlo simulations are performed to
reproduce this uncertainty in the results. Results
are presented in terms of QALYs for both primary
and secondary prevention of CHD/CVD events.

Definitions of CHD, CVD, primary and secondary
disease used in the analyses
For the purposes of this evaluation, a CHD event
is defined as onset of stable angina, unstable
angina, a non-fatal MI or death from CHD-related
causes. A CVD event is defined as a CHD event
plus a non-fatal stroke, TIA, or death from stroke
or TIA-related causes. PAD is excluded from the
model owing to a paucity of trial evidence. 

Detailed methodology
To address the research question laid out in the
objectives, the model uses a cohort of 1000
patients at a specified annual risk of a CHD event.
The cohort represents patients with differing
profiles such as baseline cholesterol levels, BMI,
exercise levels and smoking and drinking habits,
but with an equivalent selected annual risk. The
model is run separately for each age group,
gender and risk level. Patients progress through
the model from the chosen starting age until they
either die or reach the age of 100 years. 

The model is used to perform three sets of
analyses. The base case considers the impact of
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statin treatment within CHD only. This complies
with the scope specifically requested by the
Department of Health. Two further scenarios were
explored to take into account the evolving evidence
on the impact of statins on reducing stroke events
and because clinical and epidemiological advice to
the project team made clear that the impact on
stroke was an important consideration.

Base case: CHD analysis
The base-case analysis explores the costs and
benefits associated with the effect that statin
treatment has on reducing CHD events only.
Hence, although all patients receive statin
treatment, it is assumed that statin treatment has
no impact on the probabilities of stroke or TIA
events. 

Scenario 1: CHD analysis with CVD outcomes
Scenario 1 is as the base case, but also takes into
account the reduction in stroke events for patients
with a history of CHD. The analysis is undertaken
on patients with or at risk of CHD, but takes into
account CVD outcomes.

Scenario 2: CVD analysis
Scenario 2 explores the costs and benefits
associated with statin treatment in reducing CVD
events. These analyses are undertaken on patients
with or at risk of CVD. In these analyses all
patients entering the treatment arm of the model
are assumed to receive benefits associated with
statin treatment. 

Structure of the Markov model
A Markov model was used to explore the clinical
pathway of patients at risk of CVD. This
methodology is particularly useful for diseases
involving risks that continue or increase over time,
where events can occur more than once, and
where the probability of an event occurring
changes depending on the time since a previous
event.220–222 The methodology also offers
flexibility for tracking costs and utilities over
numerous health states. 

In a Markov model the pathway followed by
patients is divided into a finite number of
mutually exclusive health states and at any point
in time all patients within the model exist in one
of these states. The proportion of patients in each
of the health states is governed by age-dependent
time-variant transition matrices which describe the
annual probability of moving to an alternative
health state. A list of health states and possible
transitions modelled is provided in Figure 27 and
detailed in Table 48.

For the primary prevention analyses, all patients
begin the evaluation in the event-free health state.
During each annual cycle of the model, a
proportion of patients enters one of the qualifying
event-health states: MI, stable angina, unstable
angina, CHD death, TIA, stroke, CVD death or
death through other causes, while the remainder
remains in the event-free state. For the secondary
prevention analyses, all patients begin in the post-
MI, post-stable angina, post-unstable angina, post-
TIA or post-stroke health states. In each
subsequent cycle, patients in a non-fatal health
state may move to a subsequent event state listed
in Table 48, die through CHD, CVD or other
causes, or remain in the same state. 

The probability of a patient moving between
health states depends on both the current health
state and age. The model cycles annually, with
patients moving between health states until all
patients have entered a fatal health state or
reached 100 years, when it is assumed that all
patients will die. 

The effectiveness of statin treatment is applied by
assigning the relative risk reduction of an event
onto the transition between health states; hence,
patients receiving statin treatment have a lower
probability of a primary or secondary event. Half-
cycle correction is used for both costs and benefits.

Treatment/comparator
The base-case evaluation compares the costs and
benefits associated with statin treatment versus no
treatment. Lipid-regulating drug therapy should
be combined with advice on diet and lifestyle
measures to reduce coronary risk including, if
appropriate, reduction of blood pressure and use
of statins.43 It is assumed that all patients entering
the model have been given standard advice
regarding dietary control and other appropriate
measures. It is also assumed that an equal
proportion of patients in each cohort will receive
medications such as aspirin, hypertensive
treatments or alternative lipid-lowering
treatments. As the costs and benefits of these
would cancel out they have not been modelled. 

Perspective
A UK NHS perspective has been used throughout;
hence, productivity lost through illness or costs
incurred directly by patients are not included. As
per current NICE guidance, discount rates of 6%
and 1.5% are applied to costs and health benefits,
respectively.223 However, to inform decision-
makers fully, the base-case results are also reported
undiscounted and an analysis is performed using
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Stable angina Post-stable angina

Unstable angina

Unstable angina Post-unstable angina

Post-non-fatal MI

Non-fatal MI Non-fatal MI | history CHD

Non-fatal MI | history CVD

Event free TIA Post-TIA

Post-non-fatal stroke

Non-fatal stroke Non-fatal stroke | history CVD

Non-fatal stroke | history CHD

Fatal CHD event Fatal CHD event | history CHD

Fatal CHD event | history CVD

Fatal CVD event Fatal CVD event | history CVD

Fatal CVD event | history CHD

Death other causes Death other causes

Start First event health states Subsequent health states

FIGURE 27 Markov model structure. For primary analyses, all patients start in the event-free health state. For secondary analyses,
patients are assigned to either post-stable angina, post-unstable angina, post-MI, post-TIA or post-stroke health states. History of 
CHD = history of either stable angina, unstable angina or MI. In the figure, history of CVD = history of other CVD such as TIA or
stroke, but not a history of CHD. 

TABLE 48 Transitions between health states and relative risk from statin treatment applied in the different scenarios explored by the
ScHARR model

From To Base case Scenario 1 Scenario 2

Primary transitions: 
Event free Remain in event free – – –

Stable angina 0.590 0.590 0.590
Unstable angina 0.716 0.716 0.716
Non-fatal MI 0.656 0.656 0.656
Fatal CHD event 0.740 0.740 0.740
TIA – – 0.790
Non-fatal stroke – – 0.769
Fatal CVD event – – 1.000
Death other causes 0.656 0.656 0.656

continued
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TABLE 48 Transitions between health states and relative risk from statin treatment applied in the different scenarios explored by the
ScHARR model (cont’d)

From To Base case Scenario 1 Scenario 2

First year secondary transitions
Stable angina Post-stable angina

Unstable angina 0.716 0.716 0.716
Non-fatal MI 0.656 0.656 0.656
Fatal CHD event 0.740 0.740 0.740
Death other causes – – –

Unstable angina Post-unstable angina
Non-fatal MI 0.656 0.656 0.656
Fatal CHD event 0.740 0.740 0.740
Non-fatal stroke – 0.769 0.769
Fatal CVD event – 1.000 1.000
Death other causes – – –

Non-fatal MI Post-non-fatal MI
Non-fatal MI 0.656 0.656 0.656
Fatal CHD event 0.740 0.740 0.740
Non-fatal stroke/history CHD – 0.769 0.769
Fatal CVD event/history CHD – 1.000 1.000
Death other causes – – –

TIA Post TIA
Non-fatal MI/history CVD 0.656 0.656 0.656
Fatal CHD event/history CVD 0.740 0.740 0.740
Non fatal stroke – 0.769 0.769
Fatal CVD event – 1.000 1.000
Death other causes – – –

Non-fatal stroke Post-non-fatal stroke
Non-fatal stroke – 0.769 0.769
Fatal CVD event – 1.000 1.000
Non-fatal MI/history CVD 0.656 0.656 0.656
Fatal CHD event/history CVD 0.740 0.740 0.740
Death other causes – – –

Subsequent year secondary transitions
All first year secondary transitions plus:
Post-stable angina As stable angina
Post-unstable angina As unstable angina
Post-non-fatal MI As non-fatal MI
Post-TIA As TIA
Post-non-fatal stroke As non-fatal stroke
Non-fatal MI/history CVD Post-non-fatal MI/history CVD

Non-fatal MI/history CVD 0.656 0.656 0.656
Fatal CHD event/history CVD 0.740 0.740 0.740
Non-fatal stroke/history CHD – 0.769 0.769
Fatal CVD event/history CHD – 1.000 1.000
Death other causes – – –

Post-non-fatal MI/history CVD As non-fatal MI/history CVD
Non-fatal stroke/history CHD Post-non-fatal stroke/history CHD

Non-fatal stroke/history CHD – – 0.769
Fatal CVD event/history CHD – – 1.000
Non-fatal MI/history CVD 0.656 0.656 0.656
Fatal CHD event/history CVD 0.740 0.740 0.740
Death other causes – – –

Post-non-fatal stroke/history CVD As non-fatal stroke/history CHD

RR, relative risk from statin treatment is applied to the probability of having an event. RR derived from RevMan meta-
analysis for stable angina (0.590) and TIA (0.790), and from the Bayesian meta-analysis for unstable angina (0.716), non-fatal
MI (0.656), fatal CHD (0.740), non-fatal stroke (0.769) and fatal CVD (1).



the proposed rates for future evaluations of 3.5%
for both costs and benefits.224 Costs are at 2004
prices and are inflated where necessary. 

Key modelling assumptions
The key modelling assumptions used are discussed
in detail in the following subsections and a
summary is provided in Appendix 31.

Event rates
Primary event rates
Previous economic evaluations of statins have used
the Framingham study to ascertain the proportion
of qualifying primary events, while others have
used event rates in RCTs. However, neither
methodology is ideal. The Framingham study is
non-UK sourced and provides insufficient detail to
apportion ratios by age. Similarly, the majority of
primary prevention statin trials are non-UK
sourced and the inclusion and exclusion criteria
used for entry to the studies preclude
generalisability of baseline event rates to wider
populations. In the ScHARR model, UK-specific
incidence rates have been used to ensure that
patients entering the model match the likely
distribution of events in the UK. Expert opinion
(Yeo W, Royal Hallamshire Hospital, Sheffield:
personal communication, November 2004) was
sought for age-related event rates for stable angina
and TIA which could not be fully populated using
UK published evidence. (See Appendix 31 for
further details.)

Primary incidence rates/ratios across health
states modelled

Incident rates for primary CHD events are taken
from the BCHDR,7 and TIA and stroke from the
Oxfordshire Community Stroke Project.15,225

These are combined to derive the distribution
across events by age and gender at the modelled
risk level (Table 49).

In the absence of reported UK data for primary
CHD events for older age groups, it is assumed
that the rates for angina and non-fatal MI for the
age groups 75–84 years and 85 years plus
increase. The rate of increase is based on the ratio
of increases reported for the age groups 55–64
and 65–74 years. The rates for fatal CHD events
for patients over 74 years were held constant at
the reported rate for 65–74 years of age. The
published rates for first ever stroke by age were
assumed to be distributed 81:19 for non-fatal:fatal
events, based on the overall published figures
from the Oxfordshire study. Uncertainty was
explored using beta distributions.

Annual risk levels modelled
The cohort of patients in each primary prevention
analysis starts at a selected annual CHD risk [the
equivalent 10-year risk = 1 – (1 – annual risk)10].
As the ratio of CHD to CVD risk changes with age
and gender the corresponding annual CVD risk
was calculated using published algorithms.226

Table 50 provides the initial ratios modelled by age
and gender. The incidence rates were combined
with the respective chosen CHD and corresponding
calculated CVD annual risks to model the
probability of a primary CHD or TIA/stroke event.
Uncertainty in the ratio of CHD and CVD risk was
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TABLE 49 Distribution of patients to primary event health states in the ScHARR economic model

Age (years) Stable Unstable MI Fatal CHD TIA Stroke Fatal Total event 
angina angina CVD rate per 

1000 per 
annum

Men
45 30.7% 10.7% 29.5% 7.1% 6.0% 12.9% 3.0% 4.2
55 32.8% 7.1% 17.2% 8.6% 8.9% 20.6% 4.8% 13.7
65 21.4% 8.3% 17.3% 9.7% 10.0% 27.0% 6.3% 24.3
75 19.1% 8.1% 16.1% 6.3% 8.0% 34.3% 8.0% 37.5
85 21.4% 9.6% 18.6% 5.5% 1.6% 35.1% 8.2% 42.6

Women
45 32.5% 11.7% 8.0% 3.7% 16.0% 22.9% 5.4% 1.6
55 34.6% 7.3% 9.2% 3.9% 9.5% 28.8% 6.7% 6.6
65 20.2% 5.2% 12.1% 8.1% 7.3% 38.2% 9.0% 12.4
75 14.9% 3.4% 10.2% 4.3% 9.8% 46.4% 10.9% 23.4
85 13.6% 2.9% 10.0% 3.0% 8.7% 50.1% 11.7% 32.9

The total event rates are for all CVD events per 1000 population per annum.



explored using log-normal distributions. The
algorithms used to calculate the CVD risk and the
parameters used in the probabilistic analyses are
provided in Appendix 32.

In addition, as the risk of CHD and CVD increases
naturally with age over time, for patients
remaining in the event-free state it was assumed
that their risk and thus the probability of a
primary event increased during the analyses. 
To estimate the increase in risk with age, 1998
HSE197 data were examined. For each of the
modelling scenarios (all patients, non-diabetics,
diabetics and gender), patients were grouped
according to age and the average risk was
calculated. These data were then examined for a
mathematical relationship between age and risk
increase. For all men and non-diabetic men a
fairly robust linear relationship was found 
(r2 > 0.9). For diabetic men a linear relationship
was the best fitting mathematical model, although
the model fit was less reliable than for all men and
non-diabetic men (r2 = 0.3). The slope of the
linear relationship, 0.0003, was the same for all
men, non-diabetic men and diabetic men. This
represents an increase in the 1-year risk of 0.03%
for a 1-year increase in age. For all women and
non-diabetic women the best mathematical
relationship was also found to be linear, but the
model fit was not as good as for men (r2 = 0.25,
0.4). No clear relationship between age and risk
was found for diabetic women. Expert opinion was
sought to verify the expected rate of risk increase
in diabetic women (Yeo W, Royal Hallamshire
Hospital, Sheffield: personal communication,
November 2004). The rate of increase was
assumed to be the same for diabetic women as for
all women, in the same way that the rate of
increase was the same for all three male groups.

The rate of increase used in the model is therefore
0.0003 for men, 0.00008 for all women and
diabetic women, and 0.00007 for non-diabetic
women.

Prevalence for secondary evaluations
Published UK prevalence data were used to
distribute patients to initial health states for the
secondary prevention evaluations (Table 51). For
angina, MI and stroke these were taken from the
British Heart Foundation Statistics Database,227

while evidence from Bots and colleagues228 was
used to inform prevalence for TIA. It was assumed
that the published angina figures included both
stable and unstable angina patients, and
prevalence for these health states was derived
using the ratios for stable and unstable angina
reported in the incidence data. As TIA prevalence
was unavailable for the age group 45–54 years,
this was scaled using the prevalence rates for
stroke. Uncertainty in the initial distributions
across the health states was explored using beta
distributions. 

Secondary event rates
UK-specific data are used wherever possible to
ensure that event rates match the likely distribution
in the UK. Two main sources have been used: with
the exception of stable angina, for patients with a
primary CHD event, the occurrence of further
MIs, strokes and vascular deaths is derived from
patients on the Nottingham Heart Attack Register
(NHAR),229 while the probabilities of subsequent
strokes and vascular deaths for patients with a
history of a stroke are derived from patients on the
SLSR.18

Logistic and multivariate regression analyses were
used to estimate the probability of experiencing
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TABLE 50 Initial annual CHD risk and corresponding annual CVD risk by age and gender used in the ScHARR cost-effectiveness model

Age (years) Men Women

Annual CHD risk Annual CVD risk Annual CHD risk Annual CVD risk

35–54 3.00% 3.83% 3.00% 4.00%
2.50% 3.21% 2.50% 3.36%
2.00% 2.58% 2.00% 2.73%
1.50% 1.96% 1.50% 2.09%
1.00% 1.33% 1.00% 1.46%
0.50% 0.71% 0.50% 0.82%

≥ 55 3.00% 4.30% 3.00% 4.71%
2.50% 3.67% 2.50% 3.99%
2.00% 3.03% 2.00% 3.27%
1.50% 2.40% 1.50% 2.55%
1.00% 1.76% 1.00% 1.83%
0.50% 1.13% 0.50% 1.11%



secondary events within 1 year of a qualifying
primary event (see Appendix 32). First, logistic
regression was used to estimate the probability of
experiencing a secondary event of any type; that
is, the combined rate of non-fatal MI, non-fatal
stroke and vascular death. Multivariate regression
analysis was then used to determine the
distribution of secondary events between each
type, should an event occur. The results confirm
the importance of accounting for age in the
model. For patients experiencing an MI the
probability of a secondary event within 1 year is
strongly correlated with age (mean probability of
14.7% at 45 years, and 29.5% at age 85 years of
age). Similarly, for patients experiencing a stroke
the probability of a secondary event within 1 year
increases with age (mean probability of 5.4% at
45 years, and 29.8% at 85 years of age), while
patients with unstable angina have a mean
probability of an event of 8.7% at the age of 45
compared with 31.3% at the age of 85 years. 

Similar analyses were performed to estimate the
probabilities of subsequent events in subsequent
years. In the absence of data, these results are
used to inform all subsequent events. This is a
conservative approach as the application of these
data implies that there is no additive effect on
fatal or non-fatal event rates from previous events.
Uncertainty in these event rates is explored using
multivariate distributions.

TIA transitions are taken from a study by Rothwell
and co-authors.134 As this evidence provides a
constant rate across all ages (TIA to non-fatal stroke
= 0.042, non-fatal MI = 0.006, fatal CVD = 0.02
and fatal CHD = 0.019 at the age of 67 years), the
data are combined with the corresponding changes

in incidence rates modelled to derive probabilities
by age.30 Again, uncertainty in these transitions is
explored using beta distributions.

The economic model requires baseline transition
probabilities for patients in the health state of
stable angina for progression to MI, unstable
angina or death, or to remain in the state. The
stable angina health state presupposes that
patients have no history of MI or unstable angina.
The ideal source for these data is a registry
database with the above health status recorded for
each patient. As the comparator arm is defined as
‘no treatment’, the data relate to patients not
receiving statins. Two registry databases with the
potential to provide these data were identified
from the evidence searches, the NHAR and
MINAP. The NHAR was unable to provide the
required data as stable angina was not specifically
recorded, and the MINAP data are largely
incomplete owing to a lack of hospital
participation to fill in angina data, and include a
large proportion of patients on statin treatment.
As registry data were unavailable a MEDLINE
search was conducted to identify clinical trials on
stable angina patients in the pre-statin era. A total
of 79 studies was found, four of which were
identified as RCTs in stable angina patients. Of
these four studies,230–233 only one had a patient
population with no history of MI or unstable
angina.230 The Juul-Mohler study230 was a double-
blind comparison of aspirin with placebo in
patients with a history of chronic stable angina
without a previous MI. The trial enrolled 2035
patients from a primary care setting in Sweden
between 1985 and 1989. The primary end-point
was the first occurrence of non-fatal or fatal MI or
sudden death. Median follow-up time was
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TABLE 51 Distribution of patients in initial health states for secondary analyses by age and gender used in the ScHARR cost-
effectiveness model

Age (years) Post-stable Post-unstable Post-MI Post-TIA Post-stroke Total per 
angina angina 1000

Men
45 28.7% 10.0% 37.4% 7.2% 16.6% 7.2
55 37.2% 8.0% 36.2% 4.3% 14.2% 23.2
65 31.2% 12.0% 32.1% 7.5% 17.2% 36.1
75 29.0% 12.4% 30.5% 4.8% 23.3% 44.2

Women
45 34.1% 11.9% 26.3% 4.6% 23.0% 3.04
55 41.1% 8.9% 21.8% 8.2% 20.0% 11.00
65 33.4% 12.9% 25.7% 4.7% 23.4% 21.40
75 34.3% 14.6% 18.7% 6.9% 25.4% 34.70

Total per 1000 is the total number of patients with a history of CVD in a population of 1000.



50 months. Number of events and thus probability
of events at 1 year are estimated from the number
of patients at risk at 1 year and the ratio of the
number of events at trial end.

As Juul-Mohler and colleagues report a constant
rate across all ages (stable angina to unstable
angina = 0.006, non-fatal MI = 0.011, and fatal
CHD = 0.007 at the age of 67 years), the data are

combined with the corresponding changes in
incidence rates to derive probabilities by age (Table
52). Again, uncertainty in these transitions is
explored using beta distributions.

Mortality
To account for the proportion of patients dying
from non-vascular causes, interim life tables
published by the UK Government Actuary
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TABLE 52 Annual transition probabilities by age

Population receiving no treatment Unstable Non-fatal Non-fatal CHD death CVD death
angina MI stroke

Markov model health state for age 45
Stable angina 0.0013 0.0032 – 0.0009 –
Unstable angina (1st year) – 0.0495 – 0.0362 0.0016
Unstable angina (subsequent year) – 0.0186 – 0.0081 0.0004
MI (1st year) – 0.1280 0.0015 0.0167 0.0007
MI (subsequent year) – 0.0162 0.0004 0.0052 0.0002
TIA – 0.0016 0.0035 0.0024 0.0013
Stroke (1st year) – 0.0016 0.0431 0.0046 0.0046
Stroke (subsequent year) – 0.0016 0.0144 0.0021 0.0021

Markov model health state for age 55
Stable angina 0.0029 0.0062 – 0.0035 –
Unstable angina (1st year) – 0.0497 – 0.0617 0.0027
Unstable angina (subsequent year) – 0.0348 – 0.0100 0.0004
MI (1st year) – 0.1152 0.0032 0.0319 0.0014
MI (subsequent year) – 0.0179 0.0010 0.0091 0.0004
TIA – 0.0031 0.0181 0.0092 0.0070
Stroke (1st year) – 0.0031 0.0459 0.0111 0.0111
Stroke (subsequent year) – 0.0031 0.0186 0.0049 0.0049

Markov model health state for age 65
Stable angina 0.0060 0.0110 – 0.0070 –
Unstable angina (1st year) – 0.0488 – 0.1031 0.0046
Unstable angina (subsequent year) – 0.0632 – 0.0119 0.0005
MI (1st year) – 0.1019 0.0068 0.0599 0.0027
MI (subsequent year) – 0.0185 0.0022 0.0152 0.0007
TIA – 0.0055 0.0423 0.0185 0.0163
Stroke (1st year) 0.0055 0.0481 0.0260 0.0260
Stroke (subsequent year) 0.0055 0.0223 0.0104 0.0104

Markov model health state for age 75
Stable angina 0.0091 0.0158 – 0.0070 –
Unstable angina (1st year) – 0.0466 – 0.1671 0.0074
Unstable angina (subsequent year) – 0.1122 - 0.0139 0.0006
MI (1st year) – 0.0874 0.0141 0.1088 0.0048
MI (subsequent year) – 0.0178 0.0047 0.0235 0.0010
TIA – 0.0080 0.0828 0.0185 0.0319
Stroke (1st year) 0.0080 0.0446 0.0586 0.0586
Stroke (subsequent year) 0.0080 0.0246 0.0206 0.0206

Markov model health state for age 85
Stable angina 0.0122 0.0207 – 0.0070 –
Unstable angina (1st year) – 0.0425 – 0.2587 0.0115
Unstable angina (subsequent year) – 0.1955 – 0.0160 0.0007
MI (1st year) – 0.0711 0.0278 0.1875 0.0083
MI (subsequent year) – 0.0160 0.0091 0.0340 0.0015
TIA – 0.0104 0.0961 0.0185 0.0370
Stroke (1st year) – 0.0104 0.0446 0.1215 0.1215
Stroke (subsequent year) – 0.0104 0.0252 0.0375 0.0375



Department were adjusted using the applicable
deaths cited in the national mortality statistics for
England and Wales. 

Effectiveness of statin treatment
Effectiveness on clinical outcomes
The benefits associated with statin treatment are
modelled by applying the relative risks observed
in the RCTs to the events predicted in the model.
Some previous evaluations have used the
reductions in cholesterol levels observed in clinical
trials in conjunction with the Framingham risk
engine to predict reductions in cardiovascular
events. However, as discussed in detail in the next
section, evidence to support this methodology is
subject to a number of uncertainties and therefore
using relative risk reductions in clinical end-points
is considered to be a more robust methodology. A
Bayesian meta-analysis has been undertaken in
addition to the standard meta-analysis reported
(see the sections ‘Placebo-controlled studies:
summary of results’; and ‘Results from Bayesian
meta-analysis’ (pp. 36 and 38). The Bayesian
evidence synthesis provides the same inputs to the
model as the traditional meta-analysis, namely the
relative risks of the effect of statins for the event
states in the model. 

Since some of the five events are mutually
exclusive, conditional relative risks were
considered. From the Bayesian meta-analysis
relative risks are for unstable angina, non-fatal MI,
fatal CHD, non-fatal stroke and fatal CVD (see
Table 19, p. 44). Relative risks for stable angina
and TIA for use in the primary population
analyses are taken from the standard meta-analysis
(see Table 16, p. 43).

Estimating effectiveness from non-clinical 
end-points
The main outcomes of interest in assessing the
cost-effectiveness of statins are morbidity and
mortality. Cost-effectiveness assessments of statins
should therefore, if possible, be based on the effect
of statins on these end-points. However, trials of
rosuvastatin to date report only on the
intermediate end-point of cholesterol lowering and
there is currently no direct trial evidence of the
effect of rosuvastatin on morbidity and mortality.
The ScHARR model has therefore been adapted to
calculate the risk of CHD (morbidity and mortality)
using a Framingham risk equation to assess the
cost-effectiveness of rosuvastatin. There are,
however, several general issues concerning the
estimation of cost-effectiveness when using
Framingham equations in modelling the link
between cholesterol lowering and CHD risk.

Use of Framingham to predict the likely outcome of
chemically induced reductions in cholesterol
The Framingham risk functions were derived to
calculate baseline risk in patients before
interventions are offered. Their use to predict the
likely outcome of chemically induced reduction in
cholesterol has not been validated. Validation
against outcome studies is required to ensure that
changes in the Framingham risk for a given
reduction in cholesterol agree with the results of
outcome studies. No published studies in this area
were identified. 

Use of Framingham to predict events in a UK
population
The Framingham risk function has been validated
for a population of UK and northern European
men.234 This study found close agreement among
the Framingham, PROCAM and Dundee risk
functions for average CHD risk, and moderate
agreement for estimates within individuals. The
authors concluded that when taking PROCAM as
an external standard, the Framingham risk
equation was able to separate high and low risk
and was an acceptably accurate predictor of risk
for northern European men.

Comparison of Framingham with clinical trials
A study by Morris220 compared predicted CHD
obtained using Framingham with actual incidence
rates from WOSCOPS. Framingham equations
were found to underestimate non-fatal MI
substantially, which resulted in a lower incremental
cost per life-year gained in the model compared
with the trial. The likelihood is that this difference
will be exacerbated when utilities are applied to
calculate QALYs.

Other issues concerning the link between cholesterol
lowering and CHD risk
The association between cholesterol levels and
CHD risk levels has been well established by the
major trials and secondary research. However, the
nature of the relationship between the size of
cholesterol-lowering reduction achieved with
pharmacotherapy and the degree of CHD risk
reduction is less certain.235 Specifically, there is
uncertainty about whether there is a common
relationship between pharmacological cholesterol
lowering and clinical benefit across the different
statins. 

A systematic review was therefore conducted for
evidence of a common relationship that would
enable a reliable predictive model of the
relationship between cholesterol levels and clinical
benefit to be constructed.
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No publications were found to support a common
relationship between cholesterol levels and clinical
benefit across the different statins. There is,
however, some evidence suggesting a degree of
independence between statins in their cholesterol-
lowering ability and subsequent clinical benefit. 
A study by Maron235 found that although the
cholesterol-lowering impact of treatment in the 4S
trial (simvastatin lowered LDL by 35%) was much
stronger than observed in the CARE trial
(pravastatin lowered LDL by 28%), when a group
of 500 CARE subjects was selected for enrolment
characteristics similar to those of the 4S inclusion
criteria (higher LDL and higher risk), the effect of
pravastatin on clinical outcomes was similar to that
of simvastatin. This effect was observed despite a
10 percentage point smaller reduction in LDL for
pravastatin compared with simvastatin.

The lack of evidence to support a common
relationship between statins may be due in part to
the non-lipid effects of statins on clinical benefit.
A recent study found that event-free survival was
linked not only to cholesterol lowering, but also to
C-reactive protein (CRP) lowering.236 This finding
was supported by the Nissen study.237 The results
of this study suggest that the statin-mediated
reduction in CRP is potentially mediated by
pathways independent of cholesterol lowering.
This is part of the growing body of evidence
suggesting that some of the clinical benefits of
statin therapy may be attributed to mechanisms
independent of their cholesterol-lowering
effects.238 These mechanisms increase the
uncertainty around extrapolating the clinical
benefit of rosuvastatin from its cholesterol-
lowering ability based on the cholesterol-lowering
and clinical benefits of the other statins.

In the event that evidence was found to support a
common relationship across statins, there would
still remain uncertainty around applying this
model to rosuvastatin. The cholesterol-lowering
ability of rosuvastatin of over 30% puts it outside
the evidence base of the other statins. The clinical
gain that may result from this additional
cholesterol reduction is therefore unknown. 

No evidence was found to support the theory that
the high levels of cholesterol achieved in the
rosuvastatin trials will translate to high levels of
clinical benefit. Some evidence exists to suggest
that there is some independence between levels of
cholesterol lowering and levels of clinical benefit. 

Rosuvastatin clinical outcomes trials are ongoing
and are expected to report in 2007. Until there is

published evidence on the clinical benefit of
rosuvastatin treatment there remains uncertainty
as to the magnitude of this benefit.

The ScHARR method for estimating the 
cost-effectiveness of rosuvastatin
Primary prevention: estimate of the relative risk
reduction of CHD based on cholesterol lowering
The ScHARR model uses the 1998 HSE197 data to
estimate the likely CHD risk reduction achieved by
a reduction in total cholesterol and the related
increase in HDL-C in people without CHD.
Annual CHD risk was calculated for each person
using a Framingham equation.239 The equation
uses age, gender, blood pressure, total cholesterol,
HDL-C, presence of diabetes and smoking as risk
factors. CHD risk was calculated for each person
at baseline and then recalculated taking into
account changes to total cholesterol and HDL-C
according to the percentage increase/decrease seen
in the trial data for rosuvastatin. Patient data from
the 1998 HSE were then grouped according to
gender and baseline risk levels between 0.5 and
3% annual risk (in increments of 0.1%). The
average CHD risk following cholesterol reduction
was then calculated at each level of baseline risk. 
A relative risk reduction was then calculated 
from the proportionate difference between
baseline CHD risk and cholesterol-altered 
CHD risk for men and women at each of the
baseline risk levels. 

The effect of rosuvastatin on cholesterol is based
on two trials125,126 identified from the literature
review (see the section ‘Assessment of effectiveness:
direct statin–statin comparisons’, p. 44) (Table 53).
Both trials were of 12 months’ duration, at which
time it could reasonably be expected that
cholesterol levels would be fairly stable. These
trials investigated the effect of rosuvastatin at two
dosages, 5 and 10 mg. Patients received a dose of
either 5 or 10 mg for a fixed period of 12 weeks.
Patients then entered a 40-week titration period in
which a patient’s dose could be titrated up to
80 mg. As a 5-mg dose is currently unlicensed in
England and Wales this assessment has used the
effect of the 10-mg dose. It should be noted that
the 80-mg dose is not licensed in the UK;
however, the proportion of patients who were
titrated to 80-mg in these trials was very small
(1.7%). The effect of this small proportion on the
weighted cost (and efficacy) of rosuvastatin is
therefore minimal. The mean dosage in the trials
was 13.4 and 13.8 mg (Olsson125 and Brown,126

respectively). The ScHARR model is therefore
simulating the efficacy and cost of around a 13.5-
mg dose of rosuvastatin. This is within the licensed
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dose of 10–20 mg listed in the summary of
product characteristics for rosuvastatin. 

Secondary prevention: estimate of the relative risk
reduction of CHD based on cholesterol lowering
A similar approach to the one used above in the
primary prevention of CHD was used in the
secondary prevention of CHD. In secondary
prevention the predicted risk of a subsequent
event is based on the equation by D’Agostino and
colleagues.195 The risk of a subsequent event is

calculated for each person in the HSE with a
history of CHD. Risk is calculated at baseline and
following the reduction in cholesterol. The relative
risk of a subsequent event is calculated from the
proportionate difference. Patients were grouped by
gender and age. The relative risk varied
insignificantly by age for rosuvastatin and therefore
the average relative risk across all ages for each
statin was calculated. 

The relative risks estimated by this method can be
seen in Table 54.

Costs 
Costs of health states
A detailed review was undertaken to obtain the
most recent and appropriate published evidence
to populate costs. First year costs and subsequent
year costs are assigned for each of the different
health states modelled (Table 55).

Stable angina
It is assumed that patients with stable angina are
typically not hospitalised. The annual cost of

Health Technology Assessment 2007; Vol. 11: No. 14

93

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

TABLE 53 Trials and values included in surrogate modelling

Treatment (n) TC % reduction HDL % increase Time (months) Dose (mg)

Rosuvastatin
Brown126 116 0.342 0.08 12 10
Olsson125 132 0.38 0.03 12 10

Weighted mean 0.362 0.051

TABLE 54 Relative risk estimates predicted using cholesterol-
lowering effect of rosuvastatin

RR

Men Women

Secondary prevention 71.92% 67.07%

Primary prevention (annual CHD risk)
0.5% 65.4% 65.3%
1.5% 58.8% 58.8%
3% 53.5% 53.3%

TABLE 55 Costs of health states in ScHARR cost-effectiveness model

Health state Cost Assumption/source
(£, 2004)

Stable angina 1st year 171 3 times 15 minutes’ GP contact plus medication costs

Subsequent year 171 3 times 15 minutes’ GP contact plus medication costs

Unstable angina 1st year 440 As stable angina costs plus 60% of patients on clopidogrel

Subsequent year 171 3 times 15 minutes’ GP contact plus medication costs

MI 1st year 4448 Palmer214 inflated to 2004 (£4118) plus primary care and medication
costs as angina (£440)

Subsequent year 171 3 times 15 minutes’ GP contact plus medication costs

Fatal event 1166 Clarke200 inflated to 2004

TIA 1st year 1064 Assumed £264 for drug cost plus £800 for costs of test and surgery for
appropriate patients (Stevenson MD, University of Sheffield: personal
communication, November 2004) 

Subsequent year 264 Assumed £264 for drug cost only (Stevenson MD, University of Sheffield:
personal communication, November 2004)

Stroke 1st year 8046 Youman202 weighted by severity and inflated to 2004

Subsequent year 2163 Youman202 weighted by severity and inflated to 2004

Fatal event 7041 Youman202 inflated to 2004



stable angina is therefore assumed to relate to
support within primary care: three GP visits per
annum are assumed for monitoring and
prescribing of medication. It is assumed that 90%
of patients would receive, in addition to statins,
glyceryl trinitrate spray, isosorbide mononitrate,
one of verapamil, atenolol or dilitiazen, and
aspirin, and in addition 20% of these patients
would be on blood pressure-lowering therapy. The
estimated total cost of medication is £171
(excluding statin cost) per patient per annum for
the remainder of the patient’s life.

Unstable angina
Medication costs for unstable angina are assumed
to be the same as for stable angina, with the
additional assumption that 60% of patients are also
prescribed clopidogrel. In addition, a proportion of
patients (50%) with unstable angina is assumed to
be hospitalised in year 1 (Yeo W, Royal Hallamshire
Hospital, Sheffield: personal communication),
resulting in total year 1 costs of £440 per person.
Subsequent costs for year 2 onwards are assumed
to be the same as for stable angina.

Non-fatal MI
The cost of non-fatal MI in the first year is taken
from Palmer.214 The cost is based on data from the
NHAR and is an annual average health state cost
estimated by aggregating the resource consumed
by each patient in the 1998 NHAR cohort. This
cost includes revascularisation for a proportion of
patients. 

The cost of non-fatal MI in the subsequent year is
based on the assumption that all patients receive
primary care support. Primary care visits and
medication costs in year 2 onwards are assumed to
be the same as for angina. 

Fatal MI
The cost of fatal MI is taken from Clarke.200 The
cost of non-fatal MI from the same source (£4070)
was similar to that used in the model taken from
Palmer.214 It was therefore assumed that the relative
difference in costs between fatal and non-fatal
events from the two sources would be compatible. 

Non-fatal stroke
The cost of stroke is taken from Youman,202 based
on the cost of acute events (mild stroke £5099,
moderate stroke £4816 and severe stroke £10,555),
weighted by the distribution of severity of strokes.

Fatal stroke
The cost of fatal stroke, £7041, is taken from
Youman.202

TIA
It is assumed that a TIA has no costs associated
with the event itself. However, following a TIA
patients will undergo tests and remain on long-
term medication. It is assumed that patients
receive an outpatient visit, plus appropriate tests
[computed tomographic (CT) scan, ultrasound,
angiography] and a small proportion will require
endarterectomy. The average cost per patient is
estimated to be £800 (Stevenson MD, University of
Sheffield: personal communication, November
2004). Patients are assumed to remain on long-
term medication [a combination of aspirin,
dipyridamole, an angiotensin-converting enzyme
(ACE) inhibitor and a diuretic] at an estimated
cost of £264 (Stevenson MD: personal
communication, November 2004). Year 1 costs are
therefore assumed to be £1064, with subsequent
year costs of £264 per annum for the remainder of
the patient’s life.

Costs of statins
The relative risk effect of statins used in the model
is taken from a meta-analysis of all trials and is
therefore influenced by the number of patients in
each arm of the trials. As the dosage used in the
trials affects the relative risk and cost is related to
dosage, the overall cost of statins should be linked
to the trial dosages. The following describes the
methodology used to estimate a combined
weighted average cost for all statins used in the
main analyses and also an average cost for each
statin. As simvastatin is available as a generic
product, the cost was based on a weighted average
cost of proprietary and generic products.
Prescribing data from the Department of Health is
available for the number of items prescribed for
each of these products in 2003 (Table 56).41 These
were the latest available data at the time of the
report. A combined cost for simvastatin products
was estimated by weighting the cost at each dosage
by the number of items prescribed for each
product at each dosage. This cost of simvastatin is
based on 2003 prescribing shares and it is almost
certain that generic prescribing has increased
since then. Higher levels of generic prescribing
would give more weight to the lower generic
prices, resulting in a lower combined cost of
simvastatin. 

To weight cost by trial evidence, data on dosage
and number of patients in the treatment arm were
extracted from all the trials that were used to
estimate relative risks. The cost of each statin at
each dosage was weighted by the number of
patients in the treatment arm of the trials at the
same dose level (Table 57). Where trials allowed
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titration and data were available on the proportion
of patients at each dose, the number in the
treatment arm was proportioned out to the correct
dosage. The cost of statins has therefore been
weighted by the numbers in the treatment arms of
the trials at each dosage level, to estimate an
overall statin cost. 

As no rosuvastatin trials contributed to the
estimation of relative risks, the cost of rosuvastatin
is not included in this estimate. However, a cost of
rosuvastatin is required for the surrogate end-
point modelling. Two rosuvastatin trials125,126 were
used to inform the cholesterol-lowering modelling.
These trials had two rosuvastatin arms with
starting doses of 5 and 10 mg per day and allowed
titration up to 80 mg per day. The 5-mg arm was
not included in the analysis as it is not currently
licensed in the UK. The 80-mg dose is not
licensed in the UK; however, as titration will
influence the efficacy of the drug in these trials it
has been taken into account in the estimation of

the cost of rosuvastatin. The proportion of
patients titrated to 80 mg in both trials was very
low (Brown 1.3%; Olsson 2.0%). As the cost of
rosuvastatin was derived by weighting the cost of
10 mg and 80 mg by this proportion, the effect of
the 80-mg dose on the weighted cost of
rosuvastatin is minimal.

All statin costs were obtained from the September
2004 BNF.49

Table 58 shows the weighted cost of statins used in
the economic modelling. The cost of individual
statins is weighted by the trial evidence. The
relatively low cost of atorvastatin compared with
simvastatin, in Table 57, is due to the high
weighting given to the 10-mg cost of atorvastatin
(Table 58). Ninety-five per cent of trial patients
were in this category, resulting in a large weight
being attributed to the low 10-mg cost of £18.03.
For simvastatin, all patients were in either the 
20- or 40-mg category and 86% were in the more
expensive 40-mg category. A higher weight is
therefore placed on these costs, resulting in an
annual cost for simvastatin of £297 compared with
£243 for atorvastatin. The high annual cost of
pravastatin is due to 99% of trial patients being in
the more expensive 20- or 40-mg categories.

Health Technology Assessment 2007; Vol. 11: No. 14

95

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

TABLE 56 Simvastatin proprietary and generic prescribing in
2003

Proprietary and generic products Items 
dispensed 
in 200341

(thousands)

Simvador_Tab 10 mg 3.2
Simvador_Tab 20 mg 4.9
Simvador_Tab 40 mg 7.4
Simvastatin_Tab 10 mg 1949.7
Simvastatin_Tab 20 mg 2776.3
Simvastatin_Tab 40 mg 1688.6
Simvastatin_Tab 80 mg 110.8
Zocor_Tab 10 mg 983.8
Zocor_Tab 20 mg 1237.1
Zocor_Tab 40 mg 566.7
Zocor_Tab 80 mg 42.9

TABLE 57 Statin cost and numbers in treatment arm of RCTs

10 mg 20 mg 40 mg 80 mg

Statin Cost No. in Cost No. in Cost No. in Cost No. in 
(28 tabs) treatment (28 tabs) treatment (28 tabs) treatment (28 tabs) treatment 

arm arm arm arm

Simvastatina 14.01 20.21 1865 23.18 11438 29.03
Atorvastatin 18.03 6981 29.69 29.69 29.69 385
Fluvastatin 12.72 12.72 187 16.00 1518
Pravastatin 16.18 3 29.69 18 29.69 14218
Rosuvastatin 18.03 245 29.69 29.69 4

a Combined proprietory and generic cost based on 2004 prices and 2003 prescribing data.

TABLE 58 Weighted cost of statins used in analysis

Statin Annual cost

Atorvastatin £243.10
Fluvastatin £204.00
Pravastatin £387.30
Rosuvastatin £244.10
Simvastatin £296.90
Combineda £316.80

a Rosuvastatin not included.



The majority of analyses are based on the costs
and effectiveness of statins collectively. 

Pravastatin became available as a generic product
in August 2004. It is anticipated that this will
reduce the cost of the proprietory pravastatin and
this may also influence the cost of other statins. A
list of generic pravastatin prices and a discussion
concerning potential changes to statin prices are
presented in the section ‘Price of statins’ (p. 127)
It is anticipated that the cost of statins will fall
over the next few years.

Annual cost of statins weighted by prescribing
The methods described above link the cost of
statins to the trial effectiveness of statins, but may
not reflect the actual prescribing cost of statins to
the NHS. An annual cost of statins weighted by
prescribing data has been estimated, based on
2003 prescribing data from the Department of
Health. The weighted cost is based on the cost
and number of prescriptions of each statin at each
dosage. This is then combined to give an overall
prescribing weighted annual cost. The total
number of prescription items (thousands) for each
statin was: 

● atorvastatin (Lipitor): 7724
● fluvastatin (Lescol): 774
● pravastatin (Lipostat): 2582
● rosuvastatin (Crestor): 277
● simvastatin (Zocor): 2830
● simvastatin (Simvador): 15
● simvastatin (Simvastatin): 6525.

The annual cost of statins estimated from this
method is £273; this represents a 14% decrease
from the trial weighted cost of £317. Use of this
cost in the model would not, however, take into
account any potential change in efficacy resulting
from using a different mix of statins to that on
which the trial evidence is based.

Costs of monitoring
Guidelines indicate that patients taking statin
treatment should have the following tests at the
start of treatment: cholesterol measurement, liver
function tests, renal function tests and a CK test.
The liver function tests should be repeated at 
4–6 weeks and thereafter at intervals of 
6–12 months. Cholesterol should be checked at
intervals of 6–12 months. The first test is generally
conducted by the GP and thereafter by the general
practice nurse and the relevant pathologist. 

However, these guidelines are rarely adhered to
strictly in general clinical practice and, based on

expert opinion (Cooper R, Staffa Health,
Alfreton, and Yeo W, Royal Hallamshire Hospital,
Sheffield: personal communications, October
2004), the following tests are costed: liver
function test (£10.63) at baseline, 3, 6 and 12
months, then annually thereafter; cholesterol test
(£10.63) at baseline, 6 and 12 months, then
annually thereafter. In addition, it is assumed that
all patients receive a baseline CK test, with 10% of
patients having additional annual tests. It is
assumed that tests are conducted by the practice
nurse (£12 per visit). Based on the above,
monitoring costs are £124 for the first year 
[(7 × £10.63) + (4 × £12) + £1.59] and £33.42 
[(2 × £10.63) + £12 + (0.1 × £1.59)] for
subsequent years. All costs are taken from Curtis
and Netten.240

Costs of adverse events
Statins are generally well tolerated and have a
good safety profile. This view is generally
supported both by the evidence of the trials
included in this review and by postmarketing
surveillance data. (See Table 27, pp. 54–6, for a
summary of adverse events in RCTs). Although
increases in CK and myopathy have been
reported, rhabdomyolysis and hepatotoxicity are
rare. Hence, the associated costs of managing
adverse events are expected to be small and are
not modelled. 

Utility
Utility by age
As CHD risk increases with age, and events occur
more frequently in older populations, the baseline
utility assigned to patients, as well as the disutility
associated with health states, could potentially
have an impact on the estimated ICERs. In
addition, the HRQoL in the general population
decreases with age, so it is important to consider
these values when assigning disutilities associated
with CHD events. 

A study by Kind and colleagues241 valued the
utility by age in the UK general population 
(n = 3395) using the EuroQol 5 Dimensions 
(EQ-5D) questionnaire, and significant differences
in HRQoL were found between age groups. The
patient-level data were reanalysed and a linear
relationship was established between baseline
utility and age. The values used in the ScHARR
model are provided in Tables 59 and 60 and the
results of the regression are provided in 
Appendix 32. Uncertainty is explored in the
probabilistic analyses, and scenarios have been
explored using an event-free utility of 1 across all
ages.
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Utility by health state
A literature review was undertaken to identify the
best available utility estimates for inclusion in the
model. The health state utility values included in
the economic model are stable angina, unstable
angina, stroke and MI. Studies were identified
through searches of electronic databases,
handsearching, citation searching and reference
list checking. Other sources examined were
existing cost-effectiveness studies, the Cochrane
Library and the Harvard catalogue of preference
scores. At this stage no exclusion criteria were
applied with regard to the type of instrument
used, the valuation technique, whose values were
used or the population type.

A total of 1625 studies was identified from
electronic databases. Titles and abstracts were
reviewed and 58 hard copies of papers were
retrieved for closer inspection. Of the studies
retrieved, nine had utility values for the health
states listed above for a general population and
two for a diabetic population. Preference was given
to studies reporting mean values rather than
median values, as means incorporate the strength
of people’s preferences.242

These studies were then evaluated based on the
following criteria:

● the population setting: UK studies were
preferred to non-UK studies

● the type of instrument: the recommendation for
economic evaluations is that health state utilities
should be obtained using a choice-based
technique such as standard gamble or time

trade-off, rather than a rating scale. There is no
consensus as to which of these two should be
used.243

Results of systematic review of utility
Stroke
Two studies were found that provided mean utility
estimates. One study was based on data collected
in the Evaluation of Dutch Integrated Stroke
Service Experiment study.244 Patients with
consecutive stroke from eight hospitals in six
regions of The Netherlands were included. The
study was conducted between 1999 and 2000. In
total, 598 stroke patients were included. The mean
age was 73.5 years and 54% were women. Patient
interviews were conducted at 2 and 6 months after
stroke using the EQ-5D instrument. The other
study was a meta-analysis of quality of life
estimates for stroke.245 Studies were identified by
searching through NHS EED and MEDLINE, as
well as examining bibliographies of review articles
and citation searching. In total, 20 articles were
found, reporting 53 quality of life estimates. A
metaregression was used to find the best pooled
estimates for stroke and also to assess the impact
of study design characteristics on the pooled
quality of life estimate. Only severity of stroke and
the bounds of the scale used were predictive of
quality of life. The scale of death to perfect health
was found to be the best predictor of quality of life
estimates, compared with the scales of death to
normal health, death to excellent health and
worse possible health to perfect health. The
elicitation method and respondents were not
found to be statistically significant predictors of
quality of life. As this study was based on a meta-
analysis of all known utilities and because
elicitation methods and respondents were not
predictive of outcomes, the estimates are
considered to reflect more accurately quality of life
for stroke patients than the estimates from van
Exel and colleagues.244 The values from this study
are therefore used in the ScHARR cost-effectiveness
model, and are: mild stroke 0.87, moderate stroke
0.68 and severe stroke 0.52. 

The ScHARR model uses an overall non-fatal
stroke health state that does not distinguish
between severities. The above utilities were
therefore combined. A study by Youman and
colleagues202 estimated the proportion of patients
experiencing strokes of differing severity from the
data set of a UK trial investigating stroke
outcomes in 290,000 newly diagnosed patients.
The proportion of stroke survivors experiencing a
mild, moderate or severe stroke was 0.19, 0.27 and
0.54, respectively. The above utilities at each
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TABLE 59 Parameters values modelled for baseline utility by age

Coefficient SE

Intercept 1.060 0.029
Age –0.004 0.000

TABLE 60 Utility values by age used in the ScHARR 
cost-effectiveness model

Age (years) Utility Age (years) Utility

45 0.869 75 0.741
50 0.848 80 0.720
55 0.826 85 0.699
60 0.805 90 0.678
65 0.784 95 0.656
70 0.763 100 0.635



severity were weighted by the proportion of stroke
patients in the respective severity, and a combined
utility for stroke of 0.63 was thus estimated.

Stable angina
Only one study was found that reported mean
quality of life specifically in stable angina
patients.207 This was an economic and quality of
life substudy of the Bypass Angioplasty
Revascularization Investigation,246 a US study that
enrolled 553 patients with multivessel CAD and
angina or documented ischaemia. Quality of life
was assessed in 387 patients using the time trade-
off method. Patients with angina had a mean time
trade-off score of 7.03 compared with a mean
score of 8.7 in patients without angina. The
difference between these scores represents the
decrement due to stable angina that is used in the
ScHARR model. However, the baseline in this
study (patients with CAD) is not comparable to the
baseline in the ScHARR model (general
population). The score for patients without angina
was therefore scaled up to a score of 1 and the
score for stable angina was scaled up by the same
multiplier. The value for stable angina used in the
ScHARR model is therefore 0.81.

Unstable angina
Only one study was identified that provided a
mean utility value for unstable angina.247 This was
an RCT comparing care in a chest pain clinic
observation unit with routine care in the
emergency department of the Northern General
Hospital in Sheffield, UK. As part of a cost-
effectiveness analysis, EQ-5D questionnaires were
administered to 676 patients at 6 months
following treatment. A record of patient diagnosis
at entry included MI and unstable angina. For
unstable angina the mean utility score at 6 months
was 0.77 based on questionnaires from 209
patients (Goodacres S, University of Sheffield:
personal communication, November 2004).

MI
Two studies were identified that reported mean
utility values for MI: the above study by
Goodacre247 and a study by Bradley and
colleagues.248 The Bradley study used the Health
and Activities Limitations Index (HALex) to
evaluate the quality of life of 176 patients enrolled
in the Michigan State University Inter-
Institutional Collaborative Heart Study (MICH
study), a registry of AMI patients. As the Goodacre
study meets the criteria for the population setting
and also uses a more validated quality of life
instrument, this study was chosen to provide the
utility for MI (0.76) (Table 61).

TIA
It was assumed that the utility score for patients
following TIA is the same as the population
norm.241

These utilities are used as a multiplier in the model
to adjust the utility of patients following an event. 

Disutility due to statin treatment
Results from some studies have suggested that
patients with very low serum cholesterol levels
have a higher risk of suicide and mortality,249–251

and that patients receiving medication to reduce
serum cholesterol levels have a higher risk of
death from trauma, suicide and homicide.252–254

However, 4-year follow-up results from 559 patients
receiving pravastatin and 571 receiving placebo
concluded that there is no association between
long-term statin-induced reductions in serum
cholesterol level and measures of anxiety,
depression or anger. A subsequent 12-month study
(n = 41) designed to determine the effects of
pravastatin on HRQoL in older adults concluded
that pravastatin was well tolerated and did not
adversely affect HRQoL.255 In addition, as adverse
events and side-effects are rare, patients receiving
statin treatment in the model do not receive a
penalty utility due to their medication. As statins
are prescribed for life, there may be a disutility
associated with this, but it is assumed that this is
small in comparison to the benefits received and
as such is not modelled. 

Cost-effectiveness analysis
ICERs determine the additional cost of using statin
per QALY gained compared with no treatment,
where:

ICERs =
(Coststatin – Costno treatment)

(Utilitystatin – Utilityno treatment)
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TABLE 61 Utilities for health states

Health state Utility mean Source
(SE)

CHD
Stable angina 0.808a Meslop207

Unstable angina 0.770 (0.038) Goodacre247

MI 0.760 (0.018) Goodacre247

CVD
TIA 1 Population norm by

age and gender241

Stroke 0.629 (0.04) Tengs245

a Uncertainty in stable angina is correlated to unstable
angina for probabilistic analyses.



Subgroups
Patients with diabetes
Patients with diabetes are at increased risk of
CHD, and incidence rates are thought to be twice
as high as in non-diabetic populations. However,
the distribution of patients throughout CHD
health states and the ratio of fatal and non-fatal
events is likely to be similar to a non-diabetic
population. Hence, the diabetic analysis has no
adjustments made for the primary event rate, as
the model is examining the cost-effectiveness of
patients at an assigned risk level.

As data in the published diabetic trials provided
insufficient evidence to be used for the transitions
modelled, subsequent event rates are assumed to
be twice those of non-diabetic patients (Yeo W,
Royal Hallamshire Hospital, Sheffield: personal
communication, September 2004). The relative
risk used in the diabetes analysis remains
unchanged from the base case, as the current
evidence base suggests that there is no statistically
significant difference between the results from the
diabetic and non-diabetic trials.

Costs for the health state events were taken from
the UKPDS study by Clarke and colleagues.200

Where insufficient detail is provided and to retain
internal consistency, the costs were adjusted in
proportion to the base-case costs. Similarly, the
UKPDS data were used to assign health state
utilities and again missing values were adjusted
according to the base-case values modelled, taken
from Clarke.200 Full details are provided in
Appendix 33 (Tables 157 and 158).

Patients with familial hypercholesterolaemia
Patients with familial hypercholesterolaemia who
have a history of premature CHD form a high-risk
subgroup. It is estimated that these patients have
an incidence rate that has the same effect as being
6 years older than in the base case, although it is
thought the ratio of events in the CHD health
states, and the ratio of fatal to total events, are
similar to the base case. The probability of
subsequent events is also likely to be similar to
that of the base case (Yeo W: personal
communication, September 2004). It is not
thought that health state costs or utilities will
differ from the base-case analyses. 

The effectiveness evidence is limited. Results from
the one 2-year statin study on 330 patients with
familial hypercholesterolaemia do not suggest that
statins have a greater impact on reducing their
CHD events than that seen in other trials. In
modelling terms this suggests that although a

patient with familial history of premature CHD is
at a higher baseline risk level than the general
population at the same age, as incident
distributions and subsequent event rates remain
unchanged, results from the base-case analyses are
generalisable to this subgroup.

Non-European groups
Patients of non-European descent and in
particular British Asians have an incidence rate
that is approximately 1.5% higher than the base
case. However, it is thought that transitions
between health states will be similar to those
modelled for the base case, and utilities and costs
are unlikely to differ (Yeo W: personal
communication, September 2004). Non-European
groups are not modelled explicitly as there is no
direct evidence of effectiveness for this population
from the statin trials. 

Compliance
Although published figures of compliance and
continuance are contradictory and inconclusive, it
is generally accepted that a proportion of patients
is non-compliant with statin treatment and a
proportion of patients will withdraw completely.
Compliance and continuance rates impact on the
costs associated with treatment, the effectiveness of
the treatment, and thus the benefits accrued
through events and deaths saved. In addition to
compliance and continuance, it is acknowledged
that in general clinical practice some patients
collect prescriptions at the designated intervals but
fail to take the medication, incurring full costs
with few or no benefits. 

These issues are particularly pertinent when
addressing asymptomatic patients in primary
prevention. As non-compliant patients represent a
significant cost and burden on healthcare
resources, it is important to explore the impact of
adjusting the proportions assumed to be fully
compliant with treatment in any cost-effectiveness
evaluation. 

Techniques used to model compliance in
existing economic analyses 
Of the 40 cost-effectiveness papers reviewed to
inform on modelling techniques, very few
addressed long-term compliance with statin
treatment and the methodologies used varied
enormously. Two papers adjusted statin costs
based on the compliance rates in the trials used
for evidence of effectiveness,179,256 while a third
model257 assumed a compliance rate of 95% based
on evidence pooled from statin effectiveness
studies. Berto and colleagues assumed that
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effectiveness data were based on 100% compliance
in the RCT, and reduced this value in proportion
with a 30% non-compliance rate based on expert
opinion.258 Lim and colleagues used an
exponential decline in compliance which levelled
off at 50% after 3 years, based on published
evidence.193 Two evaluations modelled health
states on and off therapy, allowing non-compliant
patients to resume therapy following an
event.259,260

Compliance and continuance in the ScHARR model
Based on the evidence reported from the statin
trials, and published evidence in general clinical
practice, patients who are likely to withdraw
typically do so in the first few years of treatment,
with the majority of withdrawals in the first
12 months. Evidence also suggests that non-
compliance is greater in the early treatment
period, with patients’ adherence to correct dosages
remaining fairly constant in the long term.
Compliance and continuance rates differ between
secondary and primary prevention cohorts, with
secondary patients generally having a higher
compliance rate and a smaller rate of non-
continuance over time.

Effectiveness data from the major outcome trials
are based on ITT analysis over a typical duration
of 3–5 years. This encompasses the period during
which the largest proportion of patients withdraw
and reduce compliance. Hence, the results of the
ITT analysis could be considered conservative as
they are not derived from a full sample of patients
who are fully compliant.

As robust data on true compliance and
continuance rates are not available from patients
in either RCTs or general clinical practice, a series
of assumptions was required to model the
effectiveness of statin treatment.

The base case assumes that the relative risks
derived from the ITT analyses can be generalised
to patients taking statin treatment in general
clinical practice. This assumption is based on the
ITT analysis and the evidence that suggests that
after the first few years compliance and
continuance stabilise and remain fairly constant in
the long term. It is acknowledged that this
assumption is based on poor-quality evidence and
is subject to significant uncertainty, although it
should be noted that several of the largest trials
may reflect clinical practice. 

A series of sensitivity analyses was performed to
establish the impact on the results when

adjustments are made to the relative risks, and
statin and monitoring costs. The variations in these
parameters are based on the data available from
RCTs and studies conducted in general clinical
practice. The proportion of patients who are
assumed to be fully compliant to treatment and the
adjustments to statin and monitoring costs that are
used in the different scenarios are provided in Table
62. The implications and conclusions that can be
drawn from the results of these analyses are
discussed in detail later in this chapter in the
‘Discussion of results’ section, ‘Key issues’ on p. 117.

It is assumed that the ITT relative risks from
statin trials are derived from samples of 100%
compliant patients who do not withdraw from
treatment. The proportion of patients who are
assumed to remain fully compliant with treatment
over the first 5 years in each scenario explored is
provided in Table 62. After 5 years the proportion
is assumed to remain unchanged from the year 5
value. These values are based on collated
published evidence, supported by expert opinion
(Yeo W, Royal Hallamshire Hospital, Sheffield:
personal communication, December, 2004). The
associated statin and monitoring costs are
decreased in proportion.

An additional extreme case analysis is performed
to examine the impact of reducing the benefits in
proportion to the percentage of compliant patients,
while retaining the full treatment costs. 

Results of ScHARR analysis
To inform both policy decision-makers and
clinicians in general practice, three sets of analyses
are reported. The base case considers the impact
of statin treatment within CHD only. This
complies with the scope specifically requested by
the Department of Health. Base-case results are
reported in the next section. Two further scenarios
are explored to take into account the evolving
evidence on the impact of statins on reducing
stroke events. Scenario 1 is as the base case, but
also takes into account the reduction in stroke
events for patients with a history of CHD, again
complying with the remit from the Department of
Health. Scenario 2 explores the costs and benefits
associated with statin treatment in reducing all
CVD events. Results for scenarios 1 and 2 are
reported in the section ‘Results: alternative
scenarios’ (p. 110).

Owing to the large number of results presented,
only base-case results are tabulated and discussed
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in the following section of the report. Results of
the different scenarios and sensitivity analyses are
summarised and full tables are provided in
Appendix 34. Unless otherwise stated, evidence
and costs are based on all statins licensed for use
in the UK in August 2004 for which evidence on
clinical end-points is available. 

Results: base case (CHD analyses)
For the base-case analyses the main results are
presented, followed by results for diabetics, results
from the surrogate end-point analysis and
sensitivity analysis for the base case.

Base-case results
Cost-effectiveness results are presented for
secondary and primary prevention by age and
gender.

Secondary prevention
The costs per QALY estimated for the use of statin
treatment in secondary CHD prevention are well
within limits generally accepted as cost-effective,
as can be seen in Table 63. The discounted results
range from approximately £10,000 to £15,700.
There is little difference between cost-effectiveness
results in men and women.
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TABLE 62 Proportion of patients assumed to be compliant with treatment, used in sensitivity analyses in the ScHARR cost-
effectiveness model

Compliance evidence Scenarios explored

Year RCTa General clinical practiceb Ac Bc Cc

% compliant % compliant % compliant

Primary prevention
1 0.88 0.8 0.8 0.7 0.7
2 0.87 0.7 0.7 0.65 0.65
3 0.87 0.68 0.68 0.6 0.6
4 0.79 0.65 0.65 0.55 0.55
5 0.8 0.65 0.65 0.5 0.5
Secondary prevention
1 0.94 0.9 0.9 0.85 0.8
2 0.87 0.8 0.8 0.78 0.75
3 0.89 0.78 0.78 0.7 0.65
4 0.77 0.75 0.75 0.65 0.6
5 0.79 0.75 0.75 0.65 0.55

a Proportion of patients fully compliant with treatment by year of treatment duration based on RCT evidence from statin
trials.

b Proportion of patients fully compliant with treatment by year based on evidence from general clinical practice.
c Proportion of patients fully compliant with treatment and the proportion of costs modelled.

TABLE 63 CHD analysis: secondary prevention results for a cohort of 1000 patients: cost per QALYs (£,000)

Undiscounted Discounted

Age Incremental Incremental Incremental Incremental Incremental Incremental 
(years) costs QALYs cost per costs QALYs cost per 

QALY QALY

Men 45 £10,684 700 £15.3 £4,732 462 £10.2
55 £7,863 565 £13.9 £4,109 410 £10.0
65 £5,394 397 £13.6 £3,310 314 £10.5
75 £3,433 227 £15.1 £2,455 193 £12.7
85 £1,976 115 £17.2 £1,615 103 £15.7

Women 45 £11,905 776 £15.3 £4,966 493 £10.1
55 £9,033 644 £14.0 £4,432 452 £9.8
65 £6,327 499 £12.7 £3,660 387 £9.5
75 £4,119 297 £13.9 £2,799 248 £11.3
85 £2,343 148 £15.8 £1,853 132 £14.0



The ICERs increase slightly beyond the age of 65,
but are under £16,000 at the age of 85 for both
men and women.

Primary prevention
The undiscounted and discounted cost per QALY
estimates for primary prevention are presented in
Tables 64 and 65. Incremental cost and incremental
QALYs for these results are given in Appendix 34. 

These results suggest that it is more cost-effective
to commence treating patients at younger ages
than at older ages. At 45 years of age the
estimated discounted costs per QALY range from
approximately £9000 to £21,000 for men between
3% and 0.5% annual risk of a CHD event, and
from £14,000 to £30,000 for women between the
same risk levels. At 85 years of age the
corresponding values are £37,000–105,000 for
men and £47,000–111,000 for women.

The estimated ICERs increase sharply with age,
and the differences with age observed in primary

prevention are much larger than seen in the
secondary analyses. This is to be expected as the
potential to save events and therefore the utility
and cost benefits accrued from remaining in the
event-free health state decrease in older cohorts. 

If the natural increase in CHD risk due to age is
taken into account, then a male patient at 0.5%
annual CHD risk at the age of 45 would be at over
1.7% risk at the age of 85 years. If statin treatment
were delayed until the age of 85 years the ICER
would increase to £58,000 per QALY from
£20,000 per QALY, suggesting that the maximum
benefit in primary prevention could be achieved
by offering statin treatment at early ages.

Figures 28 and 29 compare the ICERs estimated
for the secondary and primary prevention of CHD
events across the age groups. As can be seen, while
secondary prevention is more cost-effective than
primary prevention across all ages, for patients
commencing statin treatment at a young age to
prevent the onset of CHD, the costs per QALY are
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TABLE 64 CHD analysis: primary prevention results for a cohort of 1000 patients at varying annual CHD risk – undiscounted cost per
QALY (£,000)

Annual CHD risk

Age (years) 3.00% 2.50% 2.00% 1.50% 1.00% 0.50%

Men 45 £15.7 £16.3 £17.3 £19.3 £23.1 £31.8
55 £18.5 £19.6 £21.5 £24.6 £30.4 £43.4
65 £22.0 £24.1 £27.3 £32.5 £41.8 £62.9
75 £30.9 £34.6 £40.0 £48.6 £63.8 £97.8
85 £39.9 £44.9 £52.0 £62.4 £79.3 £111.5

Women 45 £23.2 £23.4 £24.4 £26.8 £32.3 £47.7
55 £24.2 £25.0 £26.9 £30.5 £38.0 £58.1
65 £26.4 £28.6 £32.1 £38.0 £49.5 £78.6
75 £38.4 £42.6 £48.7 £58.6 £76.4 £117.4
85 £52.3 £57.7 £65.0 £75.5 £91.6 £119.0

TABLE 65 CHD analysis: primary prevention results for a cohort of 1000 patients at varying annual CHD risk – discounted cost per
QALY (£,000)

Annual CHD risk

Age (years) 3.00% 2.50% 2.00% 1.50% 1.00% 0.50%

Men 45 £9.5 £10.0 £10.8 £12.2 £14.9 £20.9
55 £12.6 £13.5 £14.9 £17.2 £21.5 £31.1
65 £16.8 £18.5 £21.0 £25.1 £32.5 £49.5
75 £26.2 £29.4 £34.1 £41.5 £54.7 £84.8
85 £36.8 £41.5 £48.1 £58.0 £74.1 £105.2

Women 45 £13.7 £14.0 £14.9 £16.6 £20.3 £30.5
55 £15.9 £16.6 £18.0 £20.6 £25.9 £40.0
65 £19.3 £21.0 £23.7 £28.2 £37.0 £59.3
75 £31.5 £35.0 £40.2 £48.5 £63.7 £98.9
85 £47.4 £52.4 £59.3 £69.1 £84.3 £110.6



still well within the ranges considered cost-
effective. 

Results for primary prevention should be
considered in the context of typical risk levels at
different ages in the population of England and
Wales. To estimate the percentage of people
(primary prevention) in the general population
who are at risk of CHD, data from the 1998
HSE197 were aggregated by annual CHD risk level
and age group. Table 66 shows the results from the
HSE data. The table is presented as the
cumulative (from the bottom up) percentage of
people at varying levels of annual CHD risk. For
example, 7% of people aged between 45 and

54 years are at 1.5% risk or higher and 15% are at
1.0% risk or higher. 

The table illustrates that the percentage of people
at high risk reduces significantly in lower age
groups. The numbers in Table 66 must be viewed
with some caution owing to limitations of both the
Framingham risk equation and the HSE data set.
Framingham risk equations cannot be used
reliably for age ranges outside the Framingham
population on which the equations are based. In
addition, the risk level predicted by Framingham
equations becomes increasingly less reliable as
patient parameters reach the limits of the original
Framingham subjects. Therefore, data in the older
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FIGURE 28 CHD analysis: estimated cost per QALY for primary prevention at various CHD risk levels compared with secondary
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FIGURE 29 CHD analysis: estimated cost per QALY for primary CHD prevention at various CHD risk levels compared with secondary
prevention – women



age groups, 75–85 and 85 years and above, are
considered to be less reliable than the younger age
groups. This level of uncertainty is compounded
by the fact that there are smaller volumes of
patients at older ages in the HSE data set and
therefore the available data may well be less
representative of the general population.

To provide an estimate of primary prevention
ICERs by risk level alone the distribution by age
across risk levels from Table 66 was used to provide
a weighted average ICER for each risk level
(Table 67).

The weighted average ICERs by risk level take
account of the age distribution within the risk
group. Younger patients are predominantly at
lower risk levels. However, these averages should
be treated with caution owing to concerns
regarding the robustness of the HSE data and the
limitations of Framingham risk equations,
particular for older patients, as discussed above.

Discussion of base-case results
The cost-effectiveness of statins depends on the
level of CHD risk in the population treated, and
the age and gender of the population under
consideration. In secondary prevention the cost
per QALY is estimated to vary between
approximately £10,000 and £15,700 between the
ages of 45 and 85, with ICERs increasing slightly
with age, but with little difference between men
and women. In primary prevention the discounted
cost per QALY estimates for primary prevention at
the age of 45 range between £9500 and £30,500
for men and women as annual CHD risk levels fall
from 3% to 0.5%. By the age of 85 years the
corresponding values are £36,800 and £110,600.

However, it should be noted that there is greater
uncertainty in the ICERs at younger ages. This is
partly because the modelling is undertaken over
the lifetime of the patients. Therefore, for younger
patients the length of extrapolation required is
significant as the modelling time-frame goes well

Economic analysis

104

TABLE 66 Cumulative (bottom-up) percentage of men and women at risk by age group and risk level

Annual CHD Age range (years)
risk (%)

18–44 45–54 55–64 65–74 75–84 ��85

Men <0.5 100% 100% 100% 100% 100% 100%
0.5 8% 61% 91% 99% 100% 100%
1.0 2% 27% 63% 90% 97% 98%
1.5 1% 12% 40% 75% 88% 95%
2.0 0% 6% 27% 57% 76% 86%
2.5 0% 2% 18% 42% 58% 75%
3.0 0% 1% 11% 31% 49% 64%

>3.0 0% 1% 8% 22% 39% 45%
Women <0.5 100% 100% 100% 100% 100% 100%

0.5 1% 16% 49% 72% 71% 57%
1.0 0% 5% 19% 34% 32% 27%
1.5 0% 2% 8% 18% 14% 2%
2.0 0% 1% 4% 11% 8% 2%
2.5 0% 1% 2% 7% 4% 2%
3.0 0% 1% 1% 4% 2% 2%

>3 0% 0% 0% 3% 1% 2%

Data from the Health Survey for England 1998.197

TABLE 67 CHD analysis: estimated cost per QALY for primary prevention at various CHD risk levels – weighted average by risk levels
(£,000)

Annual CHD risk

3.00% 2.50% 2.00% 1.50% 1.00% 0.50%

Men £20.0 £18.8 £21.0 £21.9 £23.0 £27.5
Women £21.3 £21.7 £26.6 £28.1 £40.5 £56.8



beyond the duration of major outcome trials to
date. In addition, there is greater uncertainty in
the baseline data at younger ages; for instance,
transition probabilities taken from data sets such
at the NHAR and SLSR have much smaller
numbers of patients at younger ages and therefore
the uncertainty in the estimated transition rates is
greater. 

Subgroups
Diabetic patients
As diabetic patients are at an increased risk of
CHD events, a sensitivity analysis was performed
to explore the cost-effectiveness of statin treatment
in both primary and secondary prevention of
CHD events for diabetic patients. The conclusions
of the section ‘People with diabetes’ (p. 48) are
that any difference in the effectiveness of statin
treatment on diabetic and non-diabetic patients is
insignificant. Hence, the relative risk due to statin
treatment is as the base case. However, in addition
to being at increased risk of a primary CHD event,
diabetic patients are at a higher risk of having a
subsequent event.

The estimated ICERs for diabetic patients with a
history of CHD range from approximately £5800
to £8800 per QALY, approximately 50% lower
than the estimated ICERs in the base case. Statin
treatment is more cost-effective in secondary
prevention than in primary prevention, with the
costs per QALY in primary prevention ranging
from £6200 for men aged 45 years at 3% annual
risk of a CHD event to £96,200 for women aged
85 years at 0.5% risk (Table 68).

If Framingham risk assessment tools are used to
predict CHD risk for patients with diabetes these
results can be considered conservative as evidence
suggests that Framingham underpredicts both
CHD event rates and CHD mortality rates, by 40%

and 80%, respectively.261 Hence, a patient with a
predicted risk of 1.5% (based on the Framingham
risk assessment tool) will, in reality, have a higher
risk level and a corresponding lower cost per
QALY.

It is estimated that 27% of UK diabetics aged
between 35 and 74 years have established CVD,
with a further 30% at an annual CHD risk of 1.5%
or higher.262 If a threshold of 1.5% or over annual
risk was taken as the risk value to offer statin
treatment, two-thirds of the UK diabetic population
would require treatment. Based on the evidence
that suggests that Framingham underpredicts risk
in diabetics, and hence the corresponding
reduction in cost per QALY, the results suggest
that statin treatment should be considered cost-
effective for the vast majority of diabetics in the UK.

Surrogate end-point analysis
In the surrogate end-point analysis the benefits
associated with statin treatment are modelled by
applying the relative risks estimated indirectly
from the cholesterol-lowering effects of statins 
[see the section ‘Estimating effectiveness from
non-clinical end-points’ (p. 91)]. 

Secondary prevention
Using Framingham to predict the reduction in
events based on cholesterol lowering of individual
statins, the costs per QALY estimated are shown in
Table 69. These ICERs are comparable with the
base-case results generated using the relative risk
reductions of events. 

Primary prevention
The results estimated for primary prevention
analyses by CHD risk levels and ages are shown in
Tables 70 and 71. These ICERs are again
comparable with the base-case results generated
using the relative risk reductions of events. 
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TABLE 68 CHD analysis for diabetic patients: discounted cost per QALY for a cohort of 1000 diabetic patients (£,000)

Age (years) Secondary Primary prevention: annual CHD risk
prevention

3.0% 2.5% 2.0% 1.5% 1.0% 0.5%

Men 45 £6.1 £6.2 £6.6 £7.3 £8.4 £10.4 £14.9
55 £5.8 £8.6 £9.3 £10.3 £12.1 £15.3 £22.5
65 £6.2 £11.9 £13.2 £15.1 £18.2 £23.7 £36.5
75 £7.3 £18.5 £20.9 £24.4 £29.9 £39.9 £63.1
85 £8.8 £26.8 £30.5 £35.8 £43.8 £57.4 £85.4

Women 45 £6.2 £8.6 £9.0 £9.8 £11.1 £14.0 £21.6
55 £6.0 £10.4 £11.0 £12.2 £14.2 £18.3 £29.0
65 £5.8 £13.8 £15.2 £17.3 £20.8 £27.6 £45.0
75 £6.8 £23.1 £25.8 £29.9 £36.4 £48.5 £77.6
85 £8.1 £36.7 £41.0 £47.0 £55.8 £69.9 £96.2



The results of the surrogate modelling must be
viewed with several caveats as the link between
cholesterol lowering and clinical end-points is not
robust. It is accepted that Framingham equations
do not perform well when patient parameters such
as blood pressure and age reach the limits of those
found in the Framingham population and this will
certainly be the case for a proportion of the HSE
subjects. The coefficients within the Framingham
equations are also subject to uncertainty and this
uncertainty has not been captured in the above
results. There is also an issue of the ability of
Framingham to predict risk when cholesterol is
reduced chemically. The Framingham risk

functions were derived to calculate baseline risk in
patients before interventions are offered. Their
use to predict the likely outcome of chemically
induced reduction in cholesterol has not been
validated. The cholesterol-lowering trial evidence
on which the model is based is also limited. Only
two trials over the 6-month exclusion criteria
applied in this assessment were identified and
these were specifically cholesterol-lowering trials.
Cholesterol-lowering trials have consistently
performed better than clinical end-point trials in
terms of cholesterol-lowering.

Until clinical end-points are available, the cost-
effectiveness results for rosuvastatin must be
treated with caution.

Sensitivity analysis
A range of sensitivity analyses was undertaken on
the base-case results. First, univariate sensitivity
analyses were undertaken to assess the impact of a
range of input parameters, including costs,
utilities, relative risks, compliance and time-frame
of the model. A risk threshold analysis was
undertaken to demonstrate the annual CHD risk
at which statin treatment is cost-effective for male
and female patients, using age bands of 5 years.
PSA was undertaken to determine the impact of
the imprecision of input values on decision
uncertainty.

Univariate sensitivity analyses
A number of univariate sensitivity analyses was
conducted to explore the impact of varying key
parameters and assumptions required to populate
the model. Key results are presented in Table 72
for secondary and primary prevention. Minimum
and maximum values are presented for each
scenario. A full range of results and a full
description of the parameters varied in each
analysis are presented in Appendix 34.

Results of additional sensitivity analyses requested
after the first appraisal committee meeting are
provided in Appendix 35. These explore the impact
of using different time-horizons and discount
rates, and the effect of weighting the ICERs by the
population in the UK at each risk level.

Discussion of univariate sensitivity results
The sensitivity analysis shows that results are most
sensitive to assumptions on the cost of statins,
discount rates and the time-frame of the model.
The model is robust to changes in other
parameters, including relative risks, cost of health
states, health state utilities, and assumptions on
incidence, prevalence and compliance.
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TABLE 69 CHD analysis: secondary prevention – using
Framingham/cholesterol links to predict the reduction in events
for cohorts of 1000 patients; discounted cost per QALY (£,000)

Age (years) Rosuvastatin

Men 45 £7.8
55 £7.7
65 £8.2

Women 45 £6.6
55 £6.5
65 £6.4

TABLE 70 CHD analysis: primary prevention – using
Framingham to predict events avoided for cohorts of 1000
patients at 0.5% annual CHD risk; discounted cost per QALY 
(£,000)

Age (years) Rosuvastatin
0.5%

Men 45 £9.8
55 £15.0
65 £23.9

Women 45 £14.8
55 £19.7
65 £28.9

TABLE 71 CHD analysis: primary prevention – using
Framingham to predict events avoided for cohorts of 1000
patients at 3% annual CHD risk; discounted cost per QALY 
(£,000)

Age (years) Rosuvastatin
3.00%

Men 45 £5.0
55 £6.8
65 £9.0

Women 45 £7.6
55 £9.0
65 £10.6



The impact of a reduction in the cost of statins is
shown in more detail in Tables 73 and 74. The cost
of statins used in the economic modelling is a
weighted average of statins with clinical outcome
data, based on the quantity of trial evidence
available. The cost of statins is likely to vary
according to local prescribing patterns and over
time. A reduction of 20% and 40% from the base-
case level of £317 per annum was assessed. An
estimate of the overall cost of statins weighted by

current prescribing data was found to be 14%
lower than the cost of statins used in the
modelling [see the section ‘Costs of health states’
(p. 93)]. Current average prescribing costs 
may be higher or lower than this depending on
the local prescribing policy. This indicates that, in
reality, the cost-effectiveness of statins may lie
somewhere between the base-case estimates and
the estimates based on a 20% decrease in cost
shown above. 

Health Technology Assessment 2007; Vol. 11: No. 14

107

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

TABLE 72 Summary of the cost per QALY results of the univariate sensitivity analyses: discounted cost per QALY (£,000)

Secondary prevention Primary prevention

Min. Max. Min. Max.

Gender F M M F

Age (unless otherwise stated) (years) 65 85 45 85
Annual CHD risk – – 3.00% 0.50%

Base case £9.5 £15.7 £9.5 £111

Sensitivity analysis
a Using 3.5% discount rate for costs and benefits £15.9c £23.7d £19.4 £152e

b Relative riska £9.4 £15.7 £12.4 f £69.1g

c Health state costs: +20% £9.5 £15.5 £9.5 £110.7
d Average cost of statins: –20% £7.8 £12.7 £7.8 £91.5

Average cost of statins: –40% £6.1 £9.8 £6.1 £72.4
e Utility: holding baseline utility constant at 1 for all ages £6.7 £10.5 £7.3 £72.3
f Utility: +10% on health state utilities with baseline utility as £8.3 £14.2 £14.4 £117.4

basecase (varying by age) 
Utility: –10% on health state utilities with baseline utility as £10.9 £17.4 £7.3 £105.5
basecase (varying by age)

g Utility: combining baseline utility constant at 1 for all ages and £5.9 £9.5 £10.9 £77.1h

+10% on health state utilities 
Utility: combining baseline utility constant at 1 for all ages and £7.8 £11.6 £5.7 £69.0
–10% on health state utilities 

h Higher (150%) incidence and prevalence by age for health statesb

Increase proportion to non-fatal MI health state £9.2 £15.5 £8.9 £106.5
Increase proportion to non-fatal stroke health state £10.1 £16.6 £10.3 £114.7

i Upper CI for natural increase by age in CHD risk and NA NA £9.9 £108.9
corresponding CVD risk
Lower CI for natural increase by age in CHD risk and NA NA £9.1 £112.4
corresponding CVD risk

j 10-year time-frame £18.6i £124.5j £35.7 £367
k Compliance falls to 55% in secondary and 50% in primary £13.9 £21.5 £16.1 £133

prevention by year 5 with full treatment costs

a 1000 Monte Carlo samples generated on relative risks from statin treatment while holding all other parameters constant at
mean value. 

b For each analysis the incidence (prevalence) rate for an individual health state is increased by 150% while holding the rates
constant for the other health states. 

c Women aged 45, secondary. 
d Men aged 65, secondary. 
e Women aged 75 at 0.5% annual CHD risk. 
f Men aged 45 years at 1.5% annual CHD risk. 
g Women aged 85 years at 1.5% annual CHD risk. 
h Men aged 85 at 0.5% annual CHD risk. 
i Women aged 85, secondary. 
j Men aged 85, secondary.



A reduction in the assumed cost of statins by 20%
results in ICERs of below £13,000 for all ages in
secondary prevention. A reduction in the assumed
cost of statins by 40% results in ICERs of below
£10,000 for all ages in secondary prevention and
ICERs between £20,000 and £25,000 for men and
women at the age of 65 at 1% CHD risk,
compared with levels of £33,000–37,000 for this
population in the base-case analysis. 

The discount rate selected for analysis makes a
significant impact on the cost-effectiveness results.
This is shown in greater detail in Tables 75 and 76.

Shortening the time-frame of the model to
10 years of statin treatment increases the
estimated cost per QALY across all age groups.
The discounted ICERs using the 10-year horizon
range from approximately £24,000 to £125,000
per QALY for women and from £20,000 to
£100,000 per QALY for men. Using a 10-year
horizon as opposed to lifetime has a greater

impact on the results for the younger ages, and
these results suggest that it is less cost-effective to
treat younger patients than older patients.
Younger patients are less likely to benefit from
statins in the first 10 years of treatment as the risk
of subsequent and fatal events is lower in younger
patients. However, if treatment is started at earlier
ages and continued over the patient’s lifetime the
costs avoided and health benefits gained accrue to
reduce the cost per QALY. The 10-year results for
older patients (£20,000 and £19,000 for men and
women aged 85 years) are comparable to those
estimated for a lifetime of treatment (£16,000 and
£14,000 for men and women aged 85 years). 
It should be noted, however, that given that statin
therapy has costs and benefits that extend over the
lifetime of a patient, a lifetime time-horizon for
analysing cost-effectiveness is appropriate.

The use of a shorter time-frame reverses the age
gradient in primary prevention results (Tables 64
and 65). If reality lies somewhere in between, then
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TABLE 73 Sensitivity analysis: secondary prevention results for a cohort of 1000 patients using a 20% and 40% reduction in the
weighted statin cost used in the basecase; discounted cost per QALY (£,000)

Incremental cost per QALY

Age (years) Base case Statin cost –40% Statin cost –20%

Men 45 £10.2 £6.5 £8.4
55 £10.0 £6.3 £8.2
65 £10.5 £6.7 £8.6
75 £12.7 £8.1 £10.4
85 £15.7 £9.8 £12.7

Women 45 £10.1 £6.4 £8.2
55 £9.8 £6.3 £8.0
65 £9.4 £6.1 £7.8
75 £11.3 £7.2 £9.3
85 £14.0 £8.9 £11.4

TABLE 74 Sensitivity analysis: primary prevention results for a cohort of 1000 patients using a 40% reduction in the weighted statin
cost used in the basecase; discounted cost per QALY (£,000)

Annual CHD risk

Age (years) 3.0% 2.5% 2.0% 1.5% 1.0% 0.5%

Men 45 £6.1 £6.4 £6.9 £7.8 £9.5 £13.4
55 £8.2 £8.8 £9.6 £11.1 £13.9 £20.1
65 £10.9 £12.0 £13.6 £16.3 £21.0 £32.0
75 £17.0 £19.1 £22.1 £26.9 £35.5 £55.1
85 £23.9 £27.0 £31.3 £37.8 £48.4 £68.8

Women 45 £9.0 £9.2 £9.7 £10.7 £13.1 £19.7
55 £10.5 £10.9 £11.8 £13.4 £16.8 £25.9
65 £12.7 £13.8 £15.5 £18.4 £24.0 £38.5
75 £20.8 £23.0 £26.3 £31.7 £41.5 £64.4
85 £31.2 £34.5 £38.9 £45.3 £55.2 £72.4



the age/cost-effectiveness relationship may become
cancelled out, which would be a useful simplifying
conclusion. 

As CHD risk increases with age, and events occur
more frequently in older populations, the baseline
utility assigned to patients, as well as the disutility
associated with health states, could potentially
have an impact on the estimated ICERs. In
addition, the HRQoL in the general population
decreases with age, so it is important to consider
these values when assigning disutilities associated
with CHD events. 

Utility of the general population free of CHD and
CVD is assumed to vary with age in the ScHARR
model, based on the study by Kind and
colleagues.241 It is acknowledged that when using
utility data from this study there is a small
element of double-counting in the model as a

proportion of the patients in the sample will have
a history of CHD. However, using an alternative
assumption, that of constant baseline utility of 1
across all ages, would bias the results in favour of
statin treatment. The overestimation of benefits
would come from two main sources. If a constant
utility value of 1 was used, all patients remaining
in the event-free health state would potentially
accrue a larger health benefit than was
appropriate. In addition, few older patients would
have a utility of 1 irrespective of CHD history.
Consequently, any benefits achieved by events
avoided in these patients should reflect their
probable baseline utility. The results of the
sensitivity analysis show that using a constant
baseline utility of 1 reduced the ICER by around
20% in secondary prevention and up to 35% in
primary prevention. A baseline utility that varies
with age is considered to be a more conservative
alternative. 
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TABLE 75 Sensitivity analysis: secondary prevention results for a cohort of 1000 patients 3.5% discount rates; discounted cost per
QALY (£,000)

Undiscounted Discounted

Age Incremental Incremental Incremental Incremental Incremental Incremental 
(years) costs QALYs cost per costs QALYs cost per 

QALY QALY

Men 45 £10,684 700 £15.3 £6,299 279 £22.6
55 £7,863 565 £13.9 £5,196 276 £18.8
65 £5,394 397 £13.6 £3,969 235 £16.9
75 £3,436 227 £15.1 £2,789 157 £17.8
85 £1,976 115 £17.2 £1,747 90 £19.4

Women 45 £11,905 776 £15.3 £6,730 284 £23.7
55 £9,033 644 £14.0 £5,720 293 £19.5
65 £6,327 499 £12.7 £4,480 281 £15.9
75 £4,119 297 £13.9 £3,241 198 £16.4
85 £2,343 148 £15.8 £2,030 114 £17.8

TABLE 76 Sensitivity analysis: primary prevention results for a cohort of 1000 patients using 3.5% discount rates; discounted cost per
QALY (£,000)

Annual CHD risk

Age (years) 3.0% 2.5% 2.0% 1.5% 1.0% 0.5%

Men 45 £19.4 £20.6 £22.6 £25.9 £32.2 £46.5
55 £22.9 £24.7 £27.5 £32.1 £40.6 £60.1
65 £26.7 £29.6 £33.9 £40.8 £53.4 £82.5
75 £36.8 £41.5 £48.4 £59.2 £78.8 £124.0
85 £46.0 £52.1 £60.7 £73.6 £94.9 £136.9

Women 45 £29.6 £30.8 £33.1 £37.5 £46.8 £72.4
55 £30.4 £32.1 £35.1 £40.6 £51.8 £81.8
65 £32.1 £35.2 £40.0 £48.1 £63.7 £103.9
75 £46.3 £51.6 £59.6 £72.5 £96.1 £152.2
85 £61.3 £68.1 £77.4 £90.9 £111.9 £149.0



Threshold analysis
A threshold analysis based on risk levels was
carried out for primary prevention results. Using
the base-case scenario and thresholds of £30,000
and £20,000, a series of additional evaluations was
explored to obtain the annual CHD risk at which
statin treatment is cost-effective for male and
female patients, using age bands of 5 years 
(Table 77).

Based on a threshold of £30,000, the risk level at
which statins would be perceived as cost-effective
would be around 1.2% for men and women at
aged 65 years, but as low as 0.2–0.5% at the age of
45 years.

Probabilistic sensitivity analysis
Probability distributions for key input parameters
were used to determine the impact of the

imprecision of input values on decision
uncertainty (Table 78). The 1.5% CHD risk level
was chosen for primary prevention for illustrative
purposes. Results for other risk levels were derived
and shown to be similarly close to the base-case
results, and so have not been presented.

The results from the probabilistic analysis are close
to the results from the base-case analysis for both
secondary and primary prevention. 

Figures 30–33 illustrate the results of the PSA
represented as a cumulative distribution function
of cost–utility. These cost-effectiveness
acceptability curves (CEACs) show the risk that the
use of statins may exceed a certain threshold of
acceptable affordability. 

Using a threshold of £30,000 per QALY, the
results of the probabilistic analyses for the base-
case CHD analyses in secondary prevention
demonstrate that statin therapy is cost-effective for
all patients with a history of CHD. At the age of
85 years 91% and 84% of secondary prevention
ICERs are below £20,000 per QALY for women
and men, respectively, while almost all other
ICERs across all ages are cost-effective using a
threshold of £20,000. 

Secondary prevention
As can be seen from the results presented in the
CEACs, there is very little difference in the results
for the age bands 45, 55 and 65 years.

Primary prevention
The 1.5% annual CHD risk level was chosen for
illustrative purposes.

For patients aged 45 years at 1.5% annual risk of a
CHD event, 60% and 92% of ICERs are cost-
effective using thresholds of £20,000 and £30,000,
respectively. However, when examining the costs
and benefits associated with cohorts aged 65 years,
the proportion of results that are cost-effective
reduces to 6% and 9% using the £20,000
threshold, and 55% and 80% using the £30,000
threshold for women and men, respectively. 

Results: alternative scenarios
Scenario 1: CHD analysis with CVD outcomes
Secondary prevention
When exploring the impact of statin treatment in
reducing secondary CHD events and associated
subsequent fatal CVD and stroke events in patients
with a history of a CHD event, the estimated costs
per QALY range from approximately £9000 for
women aged 65 years to £14,000 for men aged
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TABLE 77 CHD analysis: threshold analysis for the basecase
CHD evaluation – annual CHD risk level at which it is cost-
effective to prescribe statin treatment based on thresholds of
£20,000 and £30,000 per QALY

Threshold

£30,000 £30,000 £20,000 £20,000

Age (years) M F M F

45 0.18% 0.52% 0.55% 1.02%
50 0.34% 0.63% 0.79% 1.26%
55 0.54% 0.79% 1.14% 1.59%
60 0.78% 1.02% 1.55% 2.05%
65 1.13% 1.36% 2.19% 4.40%
70 1.62% 1.96% 3.10%
75 2.42% 3.29%
80 3.27%

TABLE 78 CHD analysis: probabilistic sensitivity analysis –
discounted cost per QALY results for cohorts of 1000 patients
using 5000 simulations for each evaluation (£,000)

Age Secondary Primary 
(years) prevention prevention: 

1.5% annual 
CHD risk

Men 45 £10.3 £12.5
55 £10.1 £17.3
65 £10.6 £25.2
75 £12.8 £41.5
85 £15.7 £57.9

Women 45 £10.1 £17.8
55 £9.9 £20.7
65 £9.6 £28.4
75 £11.4 £48.5
85 £14.1 £68.9



85 years (Table 79). These are comparable with the
base-case results (CHD only), which ranged from
£9000 to £16,000 for similar cohorts.

Primary prevention
The estimated ICERs for the scenarios exploring
the cost-effectiveness of statins in primary
prevention for patients at risk of a CHD event
with stroke as an outcome do not differ from the
base-case results, with costs per QALY ranging
from approximately £9000 for men aged 45 years
at 3% risk of an annual CHD event to £110,000
for women aged 85 years at 0.5% risk of an event

(Table 80). This is not an unexpected result as the
only difference between the scenarios is the non-
fatal strokes experienced by patients with a history
of a primary CHD event.

Scenario 2: CVD analysis
Secondary prevention
When exploring the effect of statin treatment in
reducing CHD and other cardiovascular outcomes
(including TIA and stroke), the impact is to reduce
the cost per QALY for a given age and risk level,
relative to the base case (Table 81). The cost per
QALY ranges from approximately £8400 for
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FIGURE 30 CHD analysis: secondary prevention CEAC – men
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FIGURE 31 CHD analysis: secondary prevention CEAC – women
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FIGURE 32 CHD analysis: primary prevention CEAC, 1.5% CHD risk – men
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FIGURE 33 CHD analysis: primary prevention CEAC, 1.5% CHD risk – women

TABLE 79 Secondary prevention: cost-effectiveness results for a cohort of 1000 patients for scenario 1 (CHD analysis with CVD
outcomes) (£,000)

Undiscounted Discounted

Age Incremental Incremental Incremental Incremental Incremental Incremental 
(years) costs QALYs cost per costs QALYs cost per 

QALY QALY

Men 45 £10,695 745 £14.4 £4,737 491 £9.6
55 £7,869 603 £13.1 £4,113 437 £9.4
65 £5,393 425 £12.7 £3,311 337 £9.8
75 £3,424 245 £13.9 £2,451 208 £11.8
85 £1,963 125 £15.7 £1,606 113 £14.3

Women 45 £11,911 822 £14.5 £4,969 521 £9.5
55 £9,034 679 £13.3 £4,434 477 £9.3
65 £6,322 533 £11.9 £3,660 412 £8.9
75 £4,108 317 £13.0 £2,795 265 £10.6
85 £2,328 159 £14.6 £1,843 142 £13.0



women aged 65 years to £13,100 for men aged
85 years, in comparison to the base-case results of
£9500 and £15,700, respectively.

Primary prevention
For primary prevention analyses, a cohort of
patients with a defined CHD risk enters the model
The defined CHD risk has a corresponding CVD
risk depending on both age and gender. The
scenario 2 analyses use the same selected baseline
annual CHD risks as the baseline evaluations and
the corresponding annual CVD risks used in each
evaluations are provided for information in Table 82. 

The results for the CVD analysis in primary
prevention show lower ICERs than for the CHD
analysis. In the CHD analysis men aged 45 years
at 3% CHD risk have an estimated ICER of
£10,200. In the CVD analysis the corresponding
ICER is £5200. The most marked difference

between the results is for older age groups. For
instance, in the base-case CHD analysis a female
cohort aged 85 years at 0.5% annual CHD risk
produced an estimated cost per QALY of
£110,600, compared with £45,600 in the CVD
analysis. 

To provide an estimate of primary prevention
ICERs by CHD risk level alone, the distribution by
age across risk levels from Table 66 was used to
provide a weighted average ICER for each risk
level (Table 83).

The weighted average ICERs by risk level take into
account the age distribution within the risk group.
Younger patients are predominantly at lower risk
levels. However, these averages should be treated
with caution owing to concerns regarding the
robustness of the HSE data, particular for older
patients.
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TABLE 80 Primary prevention cost-effectiveness results for a cohort of 1000 patients at varying annual risks for scenario 1 (CHD
analysis with CVD outcomes); discounted cost per QALY (£,000)

Annual CHD risk

Age (years) 3.0% 2.5% 2.0% 1.5% 1.0% 0.5%

Men 45 £9.3 £9.8 £10.7 £12.1 £14.7 £20.7
55 £12.5 £13.4 £14.8 £17.1 £21.3 £30.9
65 £16.6 £18.3 £20.8 £24.9 £32.2 £49.0
75 £25.9 £29.0 £33.7 £41.0 £54.2 £84.0
85 £36.3 £41.0 £47.6 £57.4 £73.5 £104.5

Women 45 £13.5 £13.9 £14.7 £16.4 £20.1 £30.2
55 £15.7 £16.4 £17.8 £20.4 £25.7 £39.7
65 £19.0 £20.8 £23.4 £27.9 £36.6 £58.7
75 £31.1 £34.6 £39.7 £48.0 £63.0 £98.1
85 £46.9 £51.9 £58.8 £68.6 £83.8 £110.1

TABLE 81 Secondary prevention: cost-effectiveness results for a cohort of 1000 patients for scenario 2 (CVD analysis) (£,000)

Undiscounted Discounted

Age Incremental Incremental Incremental Incremental Incremental Incremental 
(years) costs QALYs cost per costs QALYs cost per 

QALY QALY

Men 45 £10,452 700 £13.6 £4,651 462 £9.2
55 £7,722 565 £12.5 £4,041 410 £9.0
65 £5,238 397 £11.8 £3,218 314 £9.1
75 £3,332 227 £13.0 £2,382 193 £10.9
85 £1,911 115 £14.5 £1,563 103 £13.1

Women 45 £11,650 776 £13.8 £4,871 493 £9.1
55 £8,768 644 £12.4 £4,312 452 £8.6
65 £6,163 499 £11.2 £3,562 387 £8.4
75 £3,979 297 £11.9 £2,701 248 £9.6
85 £2,257 148 £13.2 £1,784 132 £11.7



When results for the primary and secondary
analyses of CVD are compared using Figures 34
and 35, it can be seen that in almost every analysis
presented, for younger age groups it is slightly
more cost-effective to provide statin treatment for
primary prevention than for secondary
prevention. In the secondary prevention analyses
all patients commence in a health state and thus
incur health state costs and have a lower utility
than the patients in the event-free health state. In
primary prevention, patients start in a ‘well’ state
with the highest possible utility. Avoiding primary
events prevents a large reduction in utility for the
patient and also the costs associated with events,
which include both the first year cost of the event
itself and follow-on costs in subsequent years.
When exploring the benefits associated with CVD,
as the relative risk of statin treatment is applied to
primary stroke and TIA events in addition to the

CHD events, a larger proportion of patients will
accrue benefits from remaining in the event-free
health state, enhancing the benefits from
secondary strokes avoided following a CHD event.
Although it becomes less cost-effective to treat
patients with no history of CVD when
commencing treatment at older ages, the results
suggest that the costs and benefits associated with
treating these patients are not prohibitive.

Probabilistic sensitivity analysis for CVD analysis
The results from the probabilistic analysis in
Table 84 are very close to the deterministic CVD
analysis for both secondary and primary
prevention, suggesting that the results are robust
to changes in the key modelling assumptions.

The results of both the primary and secondary
evaluations indicate that taking into account stroke
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TABLE 82 Primary prevention: cost-effectiveness results for a cohort of 1000 patients at varying annual risks for the scenario CVD;
discounted cost per QALY (£,000)

Age (years) Annual risk

CHD risk 3.0% 2.5% 2.0% 1.5% 1.0% 0.5%
CVD risk <54 years 3.8% 3.2% 2.6% 2.0% 1.3% 0.7%
CVD risk >54 years 4.3% 3.7% 3.0% 2.4% 1.8% 1.1%

Men 45 £5.2 £5.5 £6.0 £6.8 £8.2 £11.0
55 £5.9 £6.4 £7.1 £8.1 £9.9 £13.4
65 £7.5 £8.3 £9.4 £11.2 £14.1 £19.9
75 £10.9 £12.3 £14.3 £17.4 £22.4 £32.4
85 £17.1 £19.5 £22.7 £27.6 £35.3 £49.8

CHD risk 3.0% 2.5% 2.0% 1.5% 1.0% 0.5%
CVD risk <54 years 4.0% 3.4% 2.7% 2.1% 1.5% 0.8%
CVD risk >54 years 4.7% 4.0% 3.3% 2.5% 1.8% 1.1%

Women 45 £5.4 £5.6 £6.0 £6.8 £8.3 £11.9
55 £5.5 £5.8 £6.4 £7.4 £9.4 £13.7
65 £6.4 £7.0 £8.0 £9.6 £12.6 £19.2
75 £9.1 £10.2 £12.0 £14.7 £19.5 £30.0
85 £14.5 £16.5 £19.5 £23.8 £31.1 £45.6

TABLE 83 CVD analysis: estimated cost per QALY for primary prevention at various CHD risk levels – weighted average by risk levels
(£,000)

Annual risk

CHD risk 3.0% 2.5% 2.0% 1.5% 1.0% 0.5%
CVD risk <54 years 3.8% 3.2% 2.6% 2.0% 1.3% 0.7%
CVD risk >54 years 4.3% 3.7% 3.0% 2.4% 1.8% 1.1%

Men £8.9 £8.5 £9.5 £10.1 £10.8 £12.8

CHD risk 3.0% 2.5% 2.0% 1.5% 1.0% 0.5%
CVD risk <54 years 4.0% 3.4% 2.7% 2.1% 1.5% 0.8%
CVD risk >54 years 4.7% 4.0% 3.3% 2.5% 1.8% 1.1%

Women £6.8 £7.2 £8.6 £9.5 £13.7 £18.8



and TIA outcomes when exploring the cost-
effectiveness of statin treatment has a significant
impact on the cost-effectiveness results,
particularly at older age levels where the benefits
of avoided stroke and TIA events are greater. 

Validation
The predictive accuracy of the ScHARR model was
validated against three secondary prevention
RCTs: 4S, LIPID and CARE, and against the
WOSCOPS primary prevention trial. These RCTs
were chosen as they represent some of the largest

RCTs conducted. The outcome validated was non-
fatal MI or CHD death, a common primary end-
point for which information was available in all
three trials. Figure 36 shows the proportion by
which the ScHARR model either overestimated or
underestimated these trials. The ScHARR model
underestimated the outcome measure compared
with the 4S and CARE trials and overestimated
compared with the LIPID and WOSCOPS trials.
The model prediction of non-fatal or CHD death
was –20%, +2%, –12% and +15% compared with
4S, LIPID, CARE and WOSCOPS, respectively. 
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FIGURE 34 Scenario 2 (CVD analysis): estimated cost per QALY for men at various annual CHD risk levels compared with secondary
prevention. The annual CVD risk corresponding to the annual CHD risk in the legend differs by gender and age group and is provided in
Table 82.
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FIGURE 35 Scenario 2 (CVD analysis): estimated cost per QALY for women at various CHD annual risk levels compared with
secondary prevention. The annual CVD risk corresponding to the annual CHD risk in the legend differs by gender and age group and is
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Discussion of results
The cost-effectiveness of statins depends on the
CHD risk in the population treated and the age
and gender of the population under consideration.

CHD analysis 
The base-case analysis considers the cost-
effectiveness of statins for a population with CHD

or at risk of CHD, taking into account CHD
outcomes only.

In secondary prevention the cost per QALY is
estimated to vary between approximately £10,000
and £15,700 between the ages of 45 and 85 years.
The ICERs are very similar between the ages of 45
and 65 years, but increase with age beyond this
point. There is little difference between ICERs for
men and women. The estimated ICERs for
diabetic patients with a history of CHD range
from £5800 to £8800 per QALY, approximately
50% lower than the estimated ICERs in the base
case.

Univariate sensitivity analysis shows that results
are most sensitive to assumptions on the cost of
statins, discount rates and the time-frame of the
model. The model is robust to changes in other
parameters, including relative risks, cost of health
states, health state utilities, and assumptions on
incidence, prevalence and compliance. Shortening
the time-frame of the model to 10 years increases
the costs per QALY from base-case levels,
particularly in the lower age groups (from £10,000
to £99,000 for men and from £10,000 to £124,000
for women). However, given that statin therapy
has costs and benefits that extend over the lifetime
of a patient, a lifetime horizon for analysing cost-
effectiveness is appropriate. If there was, however,
a reduction in benefit at time intervals over 10
years then this would tend to cancel out the

Economic analysis

116

TABLE 84 Scenario 2 (CVD prevention): probabilistic
discounted cost per QALY results for cohorts of 1000 patients
using 5000 simulations for each evaluation (£,000)

Age (years) Secondary Primary 
prevention prevention

CHD annual risk 1.5%
CVD annual risk <54 years 2.0%
CVD annual risk >54 years 2.4%

Men 45 £9.1 £6.7
55 £9.0 £8.1
65 £9.2 £11.2
75 £10.9 £17.4
85 £13.0 £27.5

CHD annual risk 1.5%
CVD annual risk <54 years 1.5%
CVD annual risk >54 years Secondary 1.8%

Women 45 £9.1 £6.7
55 £8.7 £7.5
65 £8.5 £9.7
75 £9.7 £14.7
85 £11.6 £23.8

Predicted vs observed (placebo arm)
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FIGURE 36 Predictive ability of the ScHARR model validated against major trials



variation in ICER with age seen in the base-case
analysis. The PSA produces results similar to base-
case deterministic analysis. Using a threshold of
£30,000 per QALY the results of the PSA show
that statin therapy is cost-effective for all patients
with a history of CHD. 

In primary prevention the estimated lifetime
ICERs vary according to risk level and age. The
estimated average ICER by risk level rises from
around £20,000 to £27,000 for men between 3%
and 0.5% CHD risk and from £21,300 to £56,800
for women. There is, however, significant variation
within risk levels by age. At an annual CHD risk of
3%, the estimated cost per QALY ranges from
around £9500 to £36,800 for men and from
£13,700 to £47,400 for women between the ages
of 45 and 85. At the age of 85 years the estimated
cost per QALY rises from £36,800 and £47,400 for
men and women, respectively, at 3% CHD risk, to
around £105,200 and £110,600 for men and
women at 0.5% CHD risk. The rise in ICERs with
age is much greater for primary prevention than
for secondary prevention. This is the result of the
benefits that patients in the event-free health state
receive. Preventing an event at an early age offers
the benefit of more healthy life-years over the
patient’s remaining lifetime and also the benefit of
fewer subsequent events; this leads to benefits for
the younger patient and also avoids the costs
associated with these events. 

The ICERs for primary prevention are sensitive to
the modelling time-frame. Shortening the time-
frame of the model to 10 years increases the costs
per QALY from base-case levels, particularly at the
lower risk levels (from £21,000 to £170,000 for
men and £30,000 to £296,000 for women aged
45 years at 0.5% CHD risk, and from £105,000 to
£237,000 for men and £110,000 to £367,000 for
women aged 85 years at 0.5% CHD risk). In
addition, the results are again sensitive to the
discount rates used, with ICERs increasing to
£19,000 for men and £30,000 for women aged
45 years at 3% CHD risk when using 3.5%
discounting for both costs and benefits. At 1.5%
CHD risk from the age of 45 to 85 years the ICER
risk increases from £26,000 to £74,000 for men
and £38,000 to £91,000 for women. A fall in the
price of statins of 40% reduces the ICERs for
males and females at the age of 65 from around
£60,000–£70,000 to around £35,000 at 0.5%. The
PSA produces results similar to the base-case
results of the deterministic analysis. 

Modelling clinical outcome on cholesterol
lowering inherently favours drugs that are more

potent at lowering cholesterol. In the absence of
strong and conclusive evidence on the exact
relationship between cholesterol lowering and
clinical end-points, cost-effectiveness results for
rosuvastatin are subject to significant uncertainty.
Evidence on clinical end-points is therefore
required.

Scenario 1 (CHD analysis with CVD outcomes)
This analysis explores the impact of statin
treatment on reducing secondary CHD events and
associated subsequent fatal CVD and stroke events
in patients with a history of CHD. The estimated
cost per QALY in secondary prevention ranges
from £9000 to £14,000 across all ages. These are
similar to the base-case results (CHD analysis)
which ranged from £9000 to £16,000 for similar
cohorts. In primary prevention the cost per QALY
values are once again very close to the base-case
values.

Scenario 2 (CVD analysis)
When exploring the effect of statin treatment in
reducing all cardiovascular outcomes, the
additional benefits of statins on reductions in
stroke and TIA events reduce the cost per QALY
further from base-case levels. The estimated cost
per QALY in secondary prevention ranges from
£8000 to £13,000 across all ages. In primary
prevention the reduction in cost per QALY is more
marked. At 3% CHD risk the ICERs remain below
£17,000 for all ages (relative to a maximum of
£47,000 in the base case). At 1.5% CHD risk the
maximum ICER across all ages is around £28,000
and at 0.5% CHD risk the ICERs reach a
maximum of £50,000. This provides support for
the more aggressive treatment recommendation
issued by new guidelines in the UK.47

Key issues
Cost-effectiveness by age
The analyses for primary and secondary
prevention by age show that the ICER is lower at
younger ages. This is not unexpected, since at
younger ages there is a greater period over which
to accrue the benefits of statins. In older age
groups death rates from other causes are higher,
reducing the potential of avoiding CHD events
when on treatment. Considering the ICER at
different risk levels without taking age into
account would result in undertreatment of
younger patients and overtreatment of the elderly,
an issue highlighted by Johannesson.194

However, it should be noted that there is larger
uncertainty in the ICERs at younger ages. This is
partly because the modelling is undertaken over
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the lifetime of the patients. Therefore, for younger
patients the length of extrapolation required is
significant as the modelling time-frame goes well
beyond the duration of major outcome trials to
date. In addition, there is greater uncertainty in
the baseline data at younger ages; for instance,
transition probabilities taken from data sets such
at the NHAR and SLSR have much smaller
numbers of patients at younger ages and therefore
there is greater uncertainty in the estimated
transition rates.

Quality of evidence used in the economic 
model 
Event rate data
Data to populate the model in terms of incidence
and prevalence of CHD and CVD and the
transitions between heath states are taken from a
variety of sources. This is not ideal, but where
possible these parameters have been tested in
sensitivity analysis. 

In some cases data were not available in the
required form for input to the model and
assumptions have had to be made. For instance,
data on transitions from stable angina and TIA to
other heath states were not available by age and
assumptions had to be made regarding the impact
of age on these parameters.

Effectiveness data
Based on the meta-analysis results from sections
‘Placebo-controlled studies: summary of results’
and ‘Results from Bayesian meta-analysis’ (pp. 36
and 38), relative risks for different outcomes were
applied in the model. As the confidence intervals
overlap for each outcome in primary and
secondary prevention studies, it was not possible
to differentiate between the effectiveness of statins
in primary and secondary prevention and
therefore the evidence was combined to produce a
relative risk for each outcome.

Cost data
Costs of health states are taken from a range of
sources and in some cases are based on clinical
opinion. However, sensitivity analysis
demonstrated that the results were not unduly
influenced by changes to the assumptions made.

The cost of statins (£317 per annum), a key input
parameter in the analysis, is expected to be subject
to change over the short to medium term. For
instance, Pfizer announced a change in the price
of atorvastatin in January 2005, which was too late
for inclusion in the analysis. The base-case analysis
will only be valid for a short period.

Utility data
None of the major RCTs collected utility data and
therefore a literature search was undertaken and
data were taken from a range of sources. There are
therefore major issues regarding the comparability
of the populations on which the data were based.
However, sensitivity analysis demonstrated that the
results were not unduly influenced by changes to
the assumptions made. 

Compliance and continuance 
The base-case results are based on the assumption
that the relative risks derived from the ITT
analyses can be generalised to patients taking
statin treatment in general clinical practice.
Evidence to date suggests that after the first few
years compliance and continuance stabilise and
remain fairly constant in the long term. It is
acknowledged that this assumption is based on
relatively poor-quality evidence and is subject to
significant uncertainty. The impact of this
assumption was therefore tested in sensitivity
analysis.

For scenarios where it is assumed that lower rates
of compliance are accompanied by lower costs of
treatments, with patients failing to pick up their
prescriptions, the impact on cost-effectiveness is
limited. In an extreme scenario where compliance
is assumed to fall to 55% in secondary prevention
and 50% in primary preventions, but retaining full
statin treatment costs, the impact on ICERs ranges
between 20 and 40%. In secondary prevention the
maximum ICER increases from £16,000 to
£22,000, and in primary prevention the maximum
ICER increases from £111,000 to £133,000.
Although the issues surrounding compliance,
particularly in primary prevention, are subject to
huge uncertainty, the impact on cost-effectiveness
is relatively limited, particularly in cases where
patients are not picking up their prescriptions and
therefore not accruing treatment costs.

Comparing results of the CHD and CVD
analyses
The CVD analyses produce substantially lower
ICERs than the CHD analyses, particularly in
older age groups. This is unsurprising given that
they are taking into account the impact of statins
on reducing the risk of stroke and TIA, as well as
CHD events. The ScHARR model excludes PAD
events owing to the paucity of trial evidence, the
lack of PAD data in the HSE used as UK
population data in some of the modelling, and the
lack of PAD data in current cardiovascular risk
assessment tools. This means that the model
underestimates potential avoided CVD events and
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the cost-effectiveness results will therefore be
conservative.

In the CVD analysis the results of the primary
prevention analyses are sometimes lower than the
ICERs estimated for secondary prevention. This
may seem counter-intuitive as secondary care
patients are at higher risk of CVD events and
therefore statins offer the opportunity to avoid
more events. However, other factors are involved.
In primary prevention patients start in a ‘well’
state with highest possible utility. Avoiding
primary events prevents a large reduction in utility
for the patient and also the costs associated with
events. Costs include both the first-year cost of the
event itself and the follow-on costs in subsequent
years. In the secondary prevention analysis
patients start in a CHD health state (stable angina,
unstable angina or MI) and therefore they are
already a cost to the NHS and have lower utility
than the ‘well’ population in primary prevention.
This impact offsets the cost-saving argument
above. The difference is more noticeable in the
analyses exploring the benefits associated with
CVD as the relative risk of statin treatment is
applied to primary stroke and TIA events in
addition to the CHD events. Thus, these analyses
accrue a large amount of benefits from the
patients remaining in the event-free health state
enhancing the benefits from secondary strokes
avoided following a CHD event. In addition, there
are more patients dying at younger ages from
secondary disease than primary; hence, when
treatment is commenced at young ages, the
potential to avoid events over a lifetime is
increased. 

Limitations of the cost–utility estimates
One of the major limitations of the analyses is the
requirement to extrapolate well beyond the time-
frame of the trial period. The majority of trials are
under 5 years in duration, but given that statin
therapy has costs and benefits that extend over the
lifetime of a patient, a lifetime time-horizon is
appropriate for examining cost-effectiveness. This
period of extrapolation will be longer for younger
patients and therefore the results for the lower age
bands are subject to greater uncertainty.

The analyses for primary prevention extrapolate
effectiveness results from relatively high risk
primary prevention populations to the treatment
of populations at much lower risk. The results,
therefore, have to be treated with caution.
Evidence does not currently exist to demonstrate
whether the same level of relative risk reductions
will be achieved in very low-risk populations.

A further limitation is the question of
generalisability of the results of RCT evidence to
routine clinical practice. The selection of patients
for trials may result in a sample of patients who
are not typical of the population likely to receive
statins in general practice. Effectiveness of statins
in routine clinical practice could be lower than
suggested by the trials owing to a number of
issues, particularly compliance and continuance.
However, sensitivity analysis on compliance and
continuance assumptions shows that the impact on
cost-effectiveness results is not likely to be
significant. If patients discontinue treatment then
the treatment costs will fall along with the
effectiveness. Only in the case of patients who are
long-term poor compliers, failing to take the
medication according to the prescription but
continuing to pick up prescriptions, will treatment
costs be accrued without the corresponding
benefit. 

The analyses are sensitive to the cost of statins.
The future cost of statins is a key unknown. The
recent availability of simvastatin and pravastatin as
generics may put further downward pressure on
statins. The cost-effectiveness results will need to
be reviewed in the light of any significant changes
in the price of statins.

This analysis does not take into account the costs
of identifying and screening the relevant
population. In primary prevention, as the risk
threshold decreases the size of the population
eligible for treatment increases. These costs will
vary according to the strategy used by individual
GPs and it will become increasingly important to
consider the cost-effectiveness of alternative
strategies for implementing CHD prevention
strategies. The number of patients who will
require regular monitoring will expand as the risk
threshold for treatment drops, placing additional
demands on staff and resources at GP surgeries.

Comparison of sponsor models and
ScHARR model
A comparison of the results from the sponsor
models and the ScHARR model is difficult owing
to the different aims of the models and the
methodologies used. Parameters that are most
likely to lead to differences in results are the time-
horizons and modelling methodology used, and
variations in the assumptions regarding the
effectiveness of the drugs. Other parameters that
may impact on results include the scope of the
model (CHD or CVD event), the transition
probabilities between health states, health state
costs, drug costs and quality of life measures.
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Summary of key observations
A summary of the methods used is given in 
Table 85. Of the two sponsor submissions that used
clinical end-point modelling (Novartis and 
Bristol-Myers Squibb), the Bristol-Myers Squibb
model investigates the same disease area as the
ScHARR model, whereas the Novartis model
evaluates the prevention of cardiac events
following PCI. The Bristol-Myers Squibb model is
similar to the ScHARR model in the following
elements: it has a Markov structure and similar

outcomes, primary treatment cost-effectiveness is
investigated at various CHD risk levels and both
estimate secondary treatment cost-effectiveness.
However, the Bristol-Myers Squibb model uses a
shorter time-horizon and reports in terms of life-
years gained as opposed to QALYs.

The Pfizer and AstraZeneca submissions use the
surrogate end-point of this method. AstraZeneca
uses a combined short-term and long-term model.
The short-term (1-year) model estimates cost-
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TABLE 85 Comparison of sponsors’ models and ScHARR model

Study Pfizer Novartis Bristol-Myers AstraZeneca ScHARR
Squibb

Intervention and Atorvastatin Fluvastatin Pravastatin Rosuvastatin All statins licensed in 
comparator placebo (or generic atorvastatin, UK vs placebo

simvastatin) fluvastatin, 
pravastatin, 
simvastatin vs 
no treatment

Definition of Percentage reduction Relative risk Relative risk Percentage Relative risk 
effectiveness in cholesterol reduction on reduction on reduction in reduction on clinical 

clinical events clinical events cholesterol events
from trial from trial

Study type Meta-analysis of RCT RCT Randomised trial Meta-analysis of 
(effectiveness) RCTs RCTs

Population Starting age 35 years, Secondary Primary, Patients with high Secondary, primary 
secondary, primary, patients post- secondary, cholesterol, at various risk levels 
CHD + stroke revascularisation; CHD + stroke, starting age and ages, CHD, 

subgroup with CVD 55 years CHD and CVD 
diabetes outcomes, CVD

Perspective NHS NHS NHS NHS NHS

Discounting Costs = 6%, Costs = 3.5%, Costs = 3.5%, Costs = 3.5%, Costs = 6%, 
benefits = 1.5% benefits = 3.5% benefits = 3.5% benefits = 3.5% benefits = 1.5%

Model type Markov Markov Markov (1) Short term: Markov
decision tree; 
(2) Long term: 
Markov model

Time-horizon Lifetime 10 years Primary 5 years, (1) 12 months, Lifetime
secondary 5 years (2) 21 years

Cycle length 1 year 1 month 1 month (1) 3 months, 1 year
(2) 4 years 

Country UK UK UK UK UK

Main outcome Cost per QALY Cost per QALY Cost per LYS (1) % achieving Cost per QALY
measure target cholesterol 

levels, (2) cost 
per QALY

Probabilistic Yes Yes Yes Yes Yes
analysis?

Type of sensitivity Diabetic population, High risk level Univariate; costs, 
analysis discount rates (smoker and utilities, discount 

drinker), rates, compliance, 
discounting rates relative risks



effectiveness based on the achievement of NSF
total cholesterol and LDL lipid targets using
efficacy data from the 6-week STELLAR study.
The baseline and estimated reduction in
cholesterol levels are then used in the Framingham
equations to predict a primary and a subsequent
secondary CHD/CVD event for the no treatment
and the statin arms in the long-term model. The
Pfizer model also uses Framingham risk equations
to predict the annual likelihood of a CHD event.
Results from the Pfizer model are reported for
CHD and stroke outcomes collectively and not for
CHD only. The ScHARR model uses RCT
evidence on reductions in clinical end-points to
model the effectiveness of statins. Because
rosuvastatin has no clinical end-point, the
ScHARR model was adapted to model the cost-
effectiveness of statins in the treatment of CHD by
the surrogate end-point of cholesterol lowering.
The proportion of patients in the ScHARR model
who develop angina or MI, or die from CHD, is
based on UK epidemiological data, whereas the

events in the AstraZeneca and Pfizer models are
predicted by the Framingham equations.

The Merck Sharpe & Dohme submission presented
results from a within-trial analysis of 4S (secondary
prevention) and HPS (primary prevention). The
cost-effectiveness of simvastatin based on HPS is
presented as the cost per vascular event avoided
and is therefore not comparable with the ScHARR
model. A comparison between an economic
analysis based on the 4S trial and the ScHARR
model is restricted by many factors, including the
time-frame, the population investigated and the
effectiveness evidence base. 

Comparison of results
The ScHARR and sponsors’ results are summarised
in Tables 86 and 87.

In secondary prevention, the results from Pfizer,
Novartis and Merck Sharpe & Dohme are all of a
similar magnitude, approximately £1000–6000.
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TABLE 86 Summary of base-case results from the sponsors’ models (£,000)

Pfizer Novartis Bristol-Myers AstraZeneca Merck Sharp & 
(atorvastatin) (fluvastatin) Squibb (rosuvastatin) Dohme 

(pravastatin) (simvastatin)

Disease area CHD and stroke Prevention of CHD/CVD CHD/CVD CHD/CVD
cardiac events 
following PCI

Results: secondarya £3.2–5.0 (men), £3.2 (all patients) Pravastatin £13–19 (men), Cost per LYG
£4.5–5.9 (women)a dominated £24–31 (women) £1.2–2.7

Results: primarya £1.9–7.3 (men), NA Cost per LYG £2–3 (men), Cost per major 
£1.2–5 (women)a £0.06–8a £3–5 (women) vascular event 

(30–15% 10-year avoided £8.5–16
risk, men/women)

a For the purposes of comparison with the ScHARR model, results presented here are for 10-year CHD risk levels between
30 and 15% only.

TABLE 87 Summary of base-case results from the ScHARR model (£,000)

Secondary CHD Primary CHD

Men Women Risk level Men Women

£10–16 £10–14 0.5% annual CHD risk £21–105 £31–111
3% annual CHD risk £10–37 £14–47

Secondary CVD Primary CVD

Men Women Risk level Men Women

£9–13 £8–12 0.5% annual CHD risk £11–50 £12–46
0.5% annual CHD risk £5–17 £5–14



These estimates are all lower than the results from
the ScHARR evaluation, which range between
£10,000 and £16,000 for the CHD analysis and
£8400 and £13,100 for the CVD analysis. In
secondary prevention for men, the AstraZeneca
evaluation produced very similar results
(£13,000–19,000) to the ScHARR CHD analysis
(£10,000–16,000). The results for women
(£24,000–31,000), however, are twice the
magnitude of the ScHARR CHD analysis results
(£10,000–14,000). This discrepancy is probably
due to the different methodologies used in
predicting events, as the ScHARR model uses
secondary event rates that are equal for both
genders, whereas the Framingham equations used
by AstraZeneca have different algorithms for each
gender.

In primary prevention, the results from Pfizer
(£1000–7000), Bristol-Myers Squibb (£0–8000)
and AstraZeneca (£2000–5000) are well below the
ScHARR estimates of £10,000–111,000 for CHD
analysis and £5200–49,800 for CVD analysis.
However, the higher estimates presented in the
ScHARR evaluation are for the age groups
75–85 years, and when these are weighted by the
distributions in the UK the CVD results range
from £9000 and £7000 to £13,000 and £19,000
for men and women, respectively.

Conclusions of ScHARR analysis
The base-case analysis considers the cost-
effectiveness of statins for a population with CHD
or at risk of CHD, taking into account CHD
outcomes only. In secondary prevention the cost
per QALY is estimated to vary between £10,000
and £15,700 between the ages of 45 and 85 years.
The ICERs are very similar between the ages of 45
and 65, but increase with age beyond this point.
There is little difference between ICERs for men
and women. The estimated ICERs for diabetic
patients with a history of CHD are approximately
50% lower than the estimated ICERs in the base
case. Sensitivity analysis shows that results are
robust to changes in key modelling parameters.
Results are most sensitive to the discount rates
used and the time-frame of the analysis. Using a
threshold of £20,000 per QALY, the results of the
PSA show that statin therapy is likely to be
considered cost-effective for all patients with a
history of CHD. 

In the base-case primary prevention analyses, the
ICERs vary according to risk level and age. The
estimated average ICER by risk level increases
from £20,000 to £28,000 for men between 3% and
0.5% CHD risk, and from £21,000 to £57,000 for

women. There is, however, significant variation
within risk levels with age. At an annual CHD risk
of 3%, the estimated cost per QALY ranges from
£9500 to £36,800 for men and from £13,700 to
£47,400 for women between the ages of 45 and
85 years. At 85 years of age the estimated cost per
QALY rises from £36,800 and £47,400 for men
and women, respectively, at 3% CHD risk, to
around £105,200 and £110,600 for men and
women at 0.5% CHD risk. The ICERs for primary
prevention are sensitive to the discount rates and
the modelling time-frame. The PSA produces
results similar to the base-case results of the
deterministic analysis.

The results of the CVD analysis in both primary
and secondary prevention indicate that taking
stroke and TIA outcomes into account when
exploring the cost-effectiveness of statin treatment
results in a significant reduction in the cost-
effectiveness ratios, particularly at older age levels
where the benefits of avoided stroke and TIA
events are greater. 

Although levels of compliance and continuance
are subject to huge uncertainty, particularly in 
low-risk primary prevention where patients are
asymptomatic, the impact on cost-effectiveness is
relatively limited. 

The price of statins is a key factor in the cost-
effectiveness ratio and the future price of statin is
uncertain. A fall in the price of statins of 40%
reduces the ICERs for primary and secondary
prevention by around 35%. The recent availability
of simvastatin and pravastatin as generics may put
downward pressure on statin prices in general,
which will impact on the cost-effectiveness results. 

NHS impact
The impact on the NHS budget will depend on
several factors:

● the incidence rate of CHD
● the CHD risk level at which statins are

recommended
● the number of asymptomatic patients identified

as at risk by practitioners
● the uptake rate of statins by asymptomatic

patients
● continuance and compliance
● the future price of statins 
● cost savings due to a reduction in CHD events.

Incidence rate of CHD
The incidence of CHD is available from
community surveys. The BCHDR7 identifies all
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symptomatic medical presentations of CHD in one
specific population from 1996 to 1998. The
incidence per annum of CHD in this community
was 537 per 100,000 population. This translates to
approximately 170,000 new cases per annum in
England and Wales. The majority of these people
will be eligible for statin treatment. However, 
a proportion of them may already have been on
statins for primary prevention. These people
should be deducted from this estimate, but the
numbers are unknown at this time. 

Number of primary prevention patients in
England and Wales eligible for treatment
The number of people in England and Wales who
are eligible for treatment with statins for primary
prevention will have a major impact on the NHS
budget. The number of eligible patients at
different risk thresholds is estimated. This
represents the total number eligible and not the
number who will ultimately receive treatment. The
number actually receiving treatment will depend
on a number of factors, including the policies used
at practice level to identify patients at risk and the
willingness of asymptomatic patients to take
statins. 

Method for estimating the number of patients in
England and Wales who are eligible for statins
therapy in primary prevention
The 1998 HSE197 contains records of nearly
10,000 people with sufficient information to
calculate a CHD/CVD risk level and to categorise
by primary or secondary treatment. The CHD risk
data from the survey were aggregated according to
the same age and risk groups that are used in the
economic model, that is, annual risks of between
0.5% and 3% (in 0.5% intervals), and subdivided
by age groups. The proportions in each age group
and risk level were calculated. Costs per QALY
were then estimated from the economic model for
each age group and risk level. If the cost per
QALY for a particular age and risk group was
below the threshold, the proportion at risk from
the survey data was multiplied by the actual
number of people in each age group in England
and Wales263 to determine an estimate of the
number of eligible people in England and Wales.
Eligibility for treatment was based on willingness-
to-pay thresholds of both £20,000 and £30,000. 

Results
Table 88 shows the number of people eligible for
treatment at willingness-to-pay thresholds of
£20,000 and £30,000. The number of people
eligible is cumulative from the bottom up.
Reading the numbers from a given risk level

therefore includes people at all higher risks. For
example, at a threshold of £20,000 with a guideline
of treating patients in primary prevention of down
to 1.5% annual risk, the number of people eligible
is estimated at around 3.5 million.

Estimated cost impact of treating eligible patients
Current statin prescribing is estimated at around
£675 million per annum [see the section ‘Current
service provision’ (p. 8)]. The predicted annual
prescribing costs for the number of eligible people
from the above estimation (using a £20,000
threshold) is shown in Table 89. The cost of a statin
prescription is based on the average overall cost of
statins used in the economic model, an average
cost of £316.80 per annum [see the section ‘Costs’
(p. 93)]. No published audit data were found on
the split in statins prescribing between primary
and secondary prevention. A 1998 survey of 21
practices in Sheffield found that 24% of statin
prescriptions were for primary prevention.264

Expert opinion estimates that primary prevention
prescribing of statins is in the region of 35–65% of
total prescribing (Minhas R, Medway PCT & Swale
PCT: personal communication, March 2005). In
the absence of a recent data source, primary
prevention prescribing is assumed to be 25% of
total prescribing (around £169 million). The third
column in Table 89 shows the primary care
prescribing cost for the predicted number of
eligible people. The fourth column shows the
additional cost of treating all eligible people; this
takes into account the fact that some of these
people are already prescribed statins. The
estimated additional prescribing cost to the NHS
for primary prevention ranges from £300 million
at an annual CHD risk level of 3% to £1.9 billion
at a risk of 0.5%. This does not include current
secondary prevention prescribing, which would be
an additional £506 million, under the above
assumption that secondary prevention prescribing
is 75% of total current prescribing. Table 89 is
based on the cumulative numbers of people
eligible from Table 88. The additional cost of
prescribing at a guideline of 1.5% annual risk is
therefore estimated to be approximately £934
million (£1103 m–£169 m). This additional cost
will be lower if the proportion of primary
prevention prescribing is higher than the assumed
25% of the total.

Risk assessment tools
A crucial element affecting the impact to the NHS
will be the number of patients identified as being
at risk and therefore eligible for treatment. One of
the factors that could influence patient numbers
identified is the type of risk assessment tool used
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by the clinician. A study comparing the Joint
British Societies Coronary Risk Prediction Chart
with the Sheffield Table for Primary Prevention of
Cardiovascular Disease found that the number of
patients identified at a given level of risk can vary
by as much as 30%. 

Seven tools are in common use in England and
Wales:

● Joint British Societies Coronary Risk Prediction
Chart43

● Joint British Societies Cardiac Risk Assessor
Computer Program

● Sheffield Table for Primary Prevention of
Cardiovascular Disease

● University College London Computer Program
– CardioRisk Manager

● European Coronary Risk Chart
● New Zealand Cardiovascular Risk Prediction

Charts
● Egton Medical Information Systems (EMIS) GP

computer system.

Although all of the above tools are based on
Framingham Heart Study equations, they differ in

two main ways: they are either computerised tools
or chart/table-based tools. The likelihood of
variation is greatest between the tools in the
format of either a chart or a table. This is because
patient characteristics are either dichotomised or
approximated, resulting in broad categories of risk. 

The computer-based tools have similar patient
characteristics as inputs and should therefore give
similar answers. However, differences exist in the
type of Framingham equation used and
assumptions made about missing patient data.

Medical professionals have various reasons for
using a particular tool. The charts and tables are
favoured by many clinicians because of their ease
of use and because an estimate of risk can be
obtained without knowledge of all the patients
characteristics. The advantage of the computer-
based tools is their ability to allow fine graduations
instead of broad categories of risk. The
disadvantage is that patient characteristics have to
either be available or be measured by the clinician.

The impact of the use of various risk tools on the
NHS budget will depend on two factors; the
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TABLE 88 Reverse cumulative number of people (millions) eligible for treatment

£20,000 threshold £30,000 threshold

Annual risk level Men Women Total Men Women Total

0.5 5.88 0.57 6.44 7.67 2.03 9.70 
0.6 5.33 0.54 5.87 6.96 1.88 8.84 
0.7 4.93 0.53 5.46 6.38 1.80 8.18 
0.8 4.57 0.53 5.10 5.86 1.60 7.46 
0.9 4.33 0.53 4.87 5.46 1.44 6.90 
1.0 4.16 0.53 4.69 5.15 1.23 6.38 
1.1 3.98 0.50 4.48 4.83 1.15 5.98 
1.2 3.67 0.48 4.15 4.45 1.05 5.50 
1.3 3.42 0.46 3.88 4.13 0.97 5.10 
1.4 3.24 0.45 3.69 3.88 0.84 4.73 
1.5 3.05 0.43 3.48 3.62 0.72 4.34 
1.6 2.87 0.40 3.27 3.37 0.63 3.99 
1.7 2.77 0.37 3.14 3.18 0.56 3.74 
1.8 2.66 0.34 3.00 3.01 0.50 3.50 
1.9 2.57 0.31 2.88 2.84 0.44 3.29 
2.0 2.51 0.30 2.81 2.70 0.39 3.09 
2.1 2.42 0.29 2.71 2.56 0.36 2.92 
2.2 2.26 0.27 2.53 2.39 0.35 2.74 
2.3 2.13 0.26 2.39 2.26 0.32 2.58 
2.4 1.99 0.25 2.24 2.13 0.29 2.42 
2.5 1.89 0.23 2.13 2.00 0.26 2.26 
2.6 1.74 0.23 1.97 1.82 0.23 2.06 
2.7 1.67 0.23 1.89 1.73 0.23 1.96 
2.8 1.57 0.20 1.77 1.62 0.20 1.82 
2.9 1.51 0.19 1.70 1.54 0.19 1.73 
3.0 1.44 0.17 1.61 1.44 0.17 1.61 

>3.0 1.34 0.14 1.49 1.34 0.14 1.49



accuracy of the tools compared with Framingham
and the distribution of the use of the tools among
clinicians.

Accuracy of Framingham-based risk tools
A MEDLINE search was undertaken to identify
studies that have compared Framingham-based
charts and tables with Framingham equations.
Seven studies234,265–270 were found, which included
comparisons of three of the tools identified as
commonly used in England and Wales: the Joint
British Societies Charts, the Sheffield Tables and
the New Zealand Charts. Studies varied in the
source of data used to identify risk (patient charts,
laboratory assessments, etc.), the assessors of risk
(clinicians, medical students, computer operators,
etc.) and the risk reference standard (>3% risk,
>2% risk, etc.). The Joint British Chart was found
to be the most accurate predictor of risk compared
with Framingham equations, with sensitivity
ranging from 77 to 100% and specificity ranging
from 91 to 100%. The Sheffield Tables performed
reasonably well in some studies but poorly in
others, with sensitivity ranging from 61 to 96%
and specificity ranging from 88 to 100%. The New
Zealand Charts also had the potential to predict

poorly, with sensitivity ranging from 56 to 94%
and specificity ranging from 58 to 100%.

Based on these studies, it would appear that the
Joint British Charts when compared with
Framingham equations would predict a similar
number of patients at risk with reasonable
accuracy, at the levels of risk used in the studies.
The Sheffield Tables and the New Zealand Charts
have the potential to be considerably less accurate
and the widescale use of these tools would lead to
more uncertainty in the numbers of patients
identified at risk.

Survey of risk assessment tools
The reviewers are not aware of any studies that
have identified the distribution of the use of these
tools among medical professionals. A survey of GP
practices was undertaken to quantify the
distribution of the use of the tools.

The main purpose of the survey was to find out
which CHD risk assessment tools are used by GPs.
A secondary purpose was to gain information that
may help in determining how many patients will
be identified at risk based on the guidelines used
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TABLE 89 Predicted annual primary prevention prescribing costs (millions) of adopting different annual risk level thresholds

Annual risk level Predicted no. of Predicted primary Additional cost 
asymptomatic people prevention prescribing (predicted – current) 

eligible (million) cost (£ million) (£ million)

0.5 6.4 £2042 £1873
0.6 5.9 £1861 £1693
0.7 5.5 £1731 £1562
0.8 5.1 £1616 £1447
0.9 4.9 £1542 £1373
1.0 4.7 £1486 £1317
1.1 4.5 £1421 £1252
1.2 4.2 £1315 £1146
1.3 3.9 £1230 £1062
1.4 3.7 £1169 £1001
1.5 3.5 £1103 £934
1.6 3.3 £1037 £868
1.7 3.1 £996 £827
1.8 3.0 £951 £782
1.9 2.9 £913 £745
2.0 2.8 £889 £720
2.1 2.7 £858 £690
2.2 2.5 £801 £632
2.3 2.4 £756 £587
2.4 2.2 £709 £540
2.5 2.1 £674 £505
2.6 2.0 £624 £456
2.7 1.9 £600 £431
2.8 1.8 £562 £393
2.9 1.7 £539 £370
3.0 1.6 £510 £341

>3.0 1.5 £471 £302



for prescribing policy and the policy used to
identify patients at risk. The questionnaire
therefore contained three questions:

● Which risk assessment tool do you most
commonly use? (The above list was provided.)

● Which guidelines do you use to determine
whether patients are prescribed statins?

● What kind of policy does your practice have for
identifying patients at risk in primary
prevention?

GP surgeries were identified from the NHS
website (www.nhs.uk). This source provides the
names and addresses of GP surgeries in England
and Wales. A random sample of 250 GP surgeries
was selected from all regions. Of these, 30 were
duplicate surgery addresses. The questionnaire
was therefore sent by post to a total of 230
practices.

Results of survey
In total, 88 (38%) responses were received, of
which two were illegible. Forty-seven per cent of
the responders used a computerised risk equation
tool and 34% used the Joint British Charts. The
Joint British Societies Cardiovascular Disease Risk
Prediction Charts were used by 10% of responders,
Sheffield Tables by 6% and the New Zealand
Charts by 4% (Table 90).

Conclusion of survey results
Studies comparing the accuracy of risk assessment
tools with Framingham generally show that the
Joint British Societies Charts will identify, with a
reasonable degree of accuracy, the same number
of patients as the Framingham equations. Over
80% of GP practices use either a computerised
program or the Joint British Societies Charts to
assess patients’ risk. It is therefore likely that, for

those patients whose risk is assessed in primary
practice, the level of assessed risk will correspond
fairly closely with the levels used in the economic
model.

Limitations of Framingham-based risk
assessment tools
Risk prediction is typically based on Framingham
on the basis that it is the only method of
estimating the risk of CHD and CVD in both men
and women that includes most of the risk factors
routinely available to clinicians. A full review of
risk assessment tools is beyond the scope of this
report. However, there are known limitations with
risk assessment tools based on Framingham
equations. These include the applicability to
ethnic groups or low socio-economic groups,
owing to a lack of representation by these groups
in the original study population. The use of
average risk prediction without adjustment for
ethnic or social differences could lead to these
groups, who may be at a higher than predicted
risk, being undertreated. The Framingham
equations are also open to the criticism of being
out of date compared with current morbidity rates
and of lacking accuracy when variables such as
age, blood pressure and cholesterol levels are at
their extremes. Recent studies212,271 suggest that
the Framingham equation may overpredict CHD
events. If this is the case, patients may receive
treatment even though their actual risk level falls
below the recommended threshold for treatment.
Further research in this area is important.

Given that UK clinicians are currently using
Framingham-based tools to estimate the risk of
patients, it is considered appropriate to use the
Framingham equation, despite its known
limitations, to estimate the impact on the NHS
within this report.
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TABLE 90 Results of question ‘Which risk assessment tool is used?’

n %

Joint British Societies Coronary Risk Prediction Chart43 35 33.7
Egton Medical Information Systems (EMIS) GP computer system 30 28.8
Joint British Societies Cardiac Risk Assessor Computer Program 13 12.5
Joint British Societies Cardiovascular Disease Risk Prediction Chart 10 9.6
Sheffield Table for Primary Prevention of Cardiovascular Disease 6 5.8
Other computer programs 5 4.8
New Zealand Cardiovascular Risk Prediction Charts 4 3.8
University College London Computer Program – CardioRisk Manager 1 1.0
European Coronary Risk Chart 0 0.0

Total 104 100



Major issues affecting the NHS impact
Price of statins
As the cost of statins falls, treatment becomes
more cost-effective and therefore the CHD risk
level at which statins are considered to be cost-
effective will decrease. 

The cost of statins has fallen since simvastatin
became available as a generic in 2003. The price
of proprietary simvastatin in 2003 and generic
simvastatin in 200443 and the percentage
reduction are shown in Table 91. 

In August 2004 pravastatin also became available
as a generic. This is expected to put further
downward pressure on the price of statins.
However, the UK generics market has seen some
significant changes with the introduction by the
government of maximum price proposals and
changes in the way that community pharmacies
are reimbursed for purchasing generic medicines.
These changes may affect the savings to the NHS
expected from the introduction of generics. In the
past, price reductions due to the introduction of
generics have varied. Some generics have fallen
quite rapidly in price while for others, such as
gliclazide and domperidone, the reduction has
been modest or non-existent.44

The extent to which generic pravastatin impacts
on the NHS budget will depend on a number of
factors and is difficult to quantify. Prescribing
patterns are likely to be influenced by PCT policy,
which will vary by region. 

In 2003, generic simvastatin accounted for
approximately 70% of the market share of
simvastatin products. If generic pravastatin
products follow this trend then the savings to the
NHS could be significant. Three pravastatin
generics are currently available in the UK. The
prices of these generics are available from the
BNF September 2004 and the UK Medicines
Information website and are listed below.49,56

The percentage price reduction of these generics
compared with proprietary pravastatin varies
between 0% (Alpharma, 40 mg) and 54% (Almus,
10 mg). Potential savings will therefore also depend
on which generic pravastatins are prescribed. 

● BNF-listed generic pravastatin: 10 mg = £15.76,
20 mg = £28.80, 40 mg = £29.0149

● Almus: 10 mg = £8.5, 20 mg = £13.75, 
40 mg = £21.6056

● Alpharma: 10 mg = £16.18, 20 mg = £29.69,
40 mg = £29.6956

● Ivax: 10 mg = £14.26, 20 mg = £26.72, 
40 mg = £28.20.56

Table 91 shows that the impact of generics on the
price of statins could be somewhere in the order of
30–45%. The potential impact of the introduction
of generics on the cost-effectiveness of statins was
therefore explored in the economic modelling by
applying a 20% and 40% reduction in the overall
price of statins. The results of this sensitivity
analysis were used to explore the potential impact
to the NHS of price reductions due to the
introduction of generic statins.

The impact of price reductions will depend on the
treatment guidance in place. If treatment
thresholds remain unchanged any fall in the price
of statins will reduce the NHS impact. However, in
the longer term a drop in the price of statins may
lead to a review of treatment thresholds. Table 92 is
based on a £20,000 threshold and an annual risk
level of 1.5% (approximately 15% 10-year risk).
The table is purely for illustrative purposes to
enable a discussion of the issues relating to
potential decreases in the price of statins and the
subsequent impact to the NHS. The table shows
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TABLE 91 Comparison of the price of proprietary simvastatin in
2003 and generic simvastatin in 2004

Proprietary Generic % 
simvastatin simvastatin Reduction

2003 2004

10 mg £18.03 £11.99 33%
20 mg £29.69 £16.00 45%
40 mg £29.69 £21.00 29%
80 mg £29.69 £28.77 3%

TABLE 92 The potential future financial impact on the NHS of lower statin prices

Predicted no. of asymptomatic Predicted primary Additional cost 
people eligible prescribing cost (predicted – current)

Current price 3.5 £1103 £934
20% reduction in price 4.1 £1284 £1115
40% reduction in price 4.4 £1385 £1216



that as statins are reduced in price then more
people become eligible for treatment and
therefore the additional cost to the NHS increases.
This can be explained by the fact that as price is
reduced the cost per QALY subsequently reduces,
making statins more cost-effective. As statins
become more cost-effective then some age groups
who were previously above the willingness-to-pay-
threshold and therefore not eligible for treatment
are now below the threshold and become eligible
for treatment. This proportion of the population
who were previously excluded is now included. In
this illustration, a 20% reduction in the price of
statins results in approximately 600,000 additional
people becoming eligible for treatment, at an
additional annual cost of £180 million. This
additional cost, however, will be offset by savings
achieved through events avoided due to these
additional 600,000 thousand people being treated. 

This discussion of the potential impact to the NHS
of a reduction in statin price is based on the
premise that prescribing decisions will also be
made according to age and gender.

Other issues impacting on the NHS
Benefit of statins to individual patients
At lower risk levels the benefit in terms of absolute
risk reduction of taking statins decreases for an
individual patient, and this is likely to impact on
an individual’s decision whether or not to take
statins. The adjusted (15% 10-year risk) NNT for
three major trials is approximately 50.272 If an
asymptomatic patient was told that only one out of
50 patients would gain a clinical benefit from
taking a statin, then uptake may be affected. It is
not known how this will impact on uptake and is
likely to depend on the way the risk is explained
to and perceived by the patient. Further studies on
this would be useful. 

Rate of case identification
At lower risk thresholds, more patients will
become eligible for statin treatment. This has
major time and resource implications for GPs. The
total cost of contacting and screening the targeted
population is expected to be significant.
Consideration must be given to the most cost-
effective method of implementing a revised risk
threshold target. The method of implementation
will impact on the rate of case identification. 

Continuance and compliance
Clinical trials have shown that the benefit derived
from statin use is dependent on the level of
compliance. For instance, in the WOSCOPS trial,
the greatest reduction in morbidity and mortality

was achieved by those patients who took more
than 75% of their medication. This is particularly
pertinent for asymptomatic patients, as research
has shown that these patients are less well
motivated to comply in the long term with
treatment, owing to no immediate apparent
benefit.273,274 These patients are also less likely 
to accept side-effects associated with the
medication. 

It is generally accepted that continuance and
compliance are lower in general clinical practice
than in RCTs. However, UK-based evidence on
continuance and compliance in general practice is
sparse, and only three studies were identified from
the systematic review. Continuance and
compliance will impact on total costs of statin
prescriptions to the NHS, but are difficult to
quantify owing to the sparsity of evidence.

Prescription costs
The proportion of patients paying for statins
prescriptions will have an impact on NHS income,
and the impact is likely to change as the risk
threshold reduces. As the threshold falls, the
proportion of younger patients who will be 
paying for their prescriptions will increase. The
impact of this income on the NHS will to some
extent offset the costs of the drugs. Prescription
charge levels themselves are relevant as they are
likely to increase more rapidly than the cost 
of statins (which, as discussed earlier, will be likely
to fall).

Quantifying the impact to the NHS of the above
issues
It would be helpful if the above issues could be
quantified to give an estimate of how they may
impact on the NHS budget. However, there is
much uncertainty around some of the major issues
and for others there is a total lack of evidence. For
example, there is no evidence available to help to
quantify the proportion of asymptomatic patients
who will agree to take statins. Uptake is also likely
to vary with age, for which there is also no
evidence. Of those patients who do agree to take
statins there is very little evidence in primary
treatment of the expected continuance and
compliance rates, which are again likely to vary
with age. There is also much uncertainty around
identifying asymptomatic patients at risk. Without
a clear government-led strategy, the numbers of
patients who will be identified and the related cost
are unknown. There is clearly a need to monitor
the prescribing of statins over the next few years
to quantify some of these uncertainties, as well as a
need for further research.
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Ethical issues
In primary prevention people who are
asymptomatic and at relatively low risk may be
offered medical intervention with drug treatment
and monitoring. Treating these patients results in
medicalisation of previously healthy people, who
then need to attend for blood tests and monitoring. 

At low risk levels the number needed to treat is
high. Large numbers of patients will need to take
the drug long term to prevent one event and the
majority of patients will not receive any benefit.
The move to OTC prescribing exaggerates this
issue: many patients would be spending £10–15
per month for no health benefit.

There is also a significant issue of how statins are
offered to patients by the GP; in particular, how
the risks and benefits are explained, relative to
other treatment and lifestyle choices. Treatment
choices by patients depend on the beliefs, values
and circumstances of the patients, and patient
preferences need to be taken into account. 

The fact that statin prescribing is expected to
continue for life presents a further issue. Although

statins have been generally shown to be well
tolerated and to have a good safety profile, long-
term safety over a lifetime remains unproven. For
patients at high risk of a future event, exposing
the patient to a potential, but as yet undefined,
long-term risk is easier to justify. At lower risk
levels it becomes harder to justify. 

Legal implications
There is a potential legal issue relating to the use
of statins within ordinary medical practice but
perhaps not strictly within their licensed
indications. However, it is likely to remain a
potential problem rather than a real one, as
guidance from the Department of Health49 and
the Joint British Society guidelines275 recommend
the use of statins for high-risk individuals by
extrapolating from the evidence from clinical
outcome trials. Statins are recommended as a class
of drugs with the best evidence to lower
cholesterol to reduce CVD, without close scrutiny
of their licensed indications. 
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NSF and other health targets
Current Department of Health guidance
recommends that patients with established CHD
should receive statins and dietary advice to lower
serum cholesterol concentrations either to less
than 5 mmol l–1 (LDL-C to below 3 mmol l–1) or
by 25% (30% for LDL-C), whichever is greater. For
primary prevention, drug intervention is
recommended in patients with an absolute risk of
developing CHD of 30% or more over 10 years.46

The evidence base for current treatment criteria
has now been superseded by new trial evidence.
The revised British Hypertension Society
guidelines,47 issued in 2004, have followed an
international trend48 towards lower risk thresholds
and treatment targets. This guidance and the
recent general medical services (GMS) contract are
both focused in terms of avoiding CVD events.

In practice, the different guidance will leave
medical practice with different priorities or
standards of care, from GMS contract (minimum
acceptable standard) through NSF to specialist
society guidance (optimum management standard).

Whatever the recommendations from NICE,
urgent attention will be needed to modify
recommendations in the NFS and other key
guidance to ensure that they reflect the current
evidence base and are consistent.

Public health approach to primary
prevention of CHD
Cholesterol lowering is only one of a range of
possible interventions to reduce the risk of CHD.
Other important interventions include smoking
cessation, exercise and the use of diet, as well as a
range of drug treatments, such as antihypertensives,
�-blockers and aspirin. Several of these
interventions have been shown to be more cost-
effective than statins.23 Use of other interventions
prior to statin prescribing to reduce CHD risk
potentially has the effect of reducing an
individual’s risk to levels below which they would

become eligible for statin treatment. In the
authors’ opinion, therefore, significant efforts
need to be made to ensure that use of other
interventions is optimised, to minimise the
potential impact on the NHS of statin prescribing.

Other national guidance
New British guidelines for hypertension
management were published by the British
Hypertensive Society in March 2004.47 The
guidelines replaced CHD risk assessment with
CVD risk assessment “to reflect the importance of
stroke prevention as well as CHD prevention”. The
CVD risk threshold of 20% or above is equivalent
to a CHD risk of approximately 15% or above
over 10 years. The lower cholesterol goals are in
line with the 2003 European Society of
Hypertension/European Society of Cardiology
guidelines.276

The new British guidelines recommend statins for
treatment of all people with high blood pressure
complicated by CVD, irrespective of baseline
concentrations of total cholesterol or LDL-C.
Statins are also recommended for primary
prevention in people with high blood pressure
who have a 10-year risk of CVD of at least 20%.
Risk prediction is based on Framingham on the
basis that it is the only method of estimating the
risk of CVD in men and women that includes most
of the risk factors routinely available to clinicians.
A new CVD chart and risk calculator program has
been produced, which predicts 10-year CVD risk
(combined fatal and non-fatal stroke and CHD). In
addition, the tool has been adapted so that anyone
below the age of 50 years will be assessed as if they
were 49 years old, and all those aged 60 years and
above will be assessed as if they were 69 years old.
This is an attempt to correct undertreatment of
young people and overtreatment of older people.
In addition, there is no separate chart for people
with diabetes, in the belief that the need for risk
assessment is rarely if ever required. These
characteristics are generally supported by results
from the ScHARR cost-effectiveness analysis.
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Fair access
OTC statins
In July 2004 the UK became the first country to
make statins available without a prescription, or
OTC. The medication is called Zocor Heart-Pro
and contains 10 mg of simvastatin. The decision to
make statins available OTC was made by the
Department of Health on the advice of the
Committee on Safety and Medicines (CSM).
According to the CSM consultation document,
simvastatin is intended to reduce the risk of a first
major coronary event in people at moderate risk
of CHD. These groups are all men aged 55 years
and over, and men aged between 45 and 55 years
and women aged over 55 years with certain risk
factors (family history of CHD, smoker, obese or of
South Asian ethnicity). 

The availability of OTC statins has raised some
concerns in the medical community. A recent
article published in the Lancet discussed some of
these concerns.277 One of the main points raised
was the lack of trial evidence for low-dose
simvastatin. The CSM consultation document
states that treatment with simvastatin 10 mg will
produce a 27% reduction in LDL-C. However, it
concedes that there are no trial data for this
population: “While no specific clinical trials have
been conducted with simvastatin 10 mg in this
particular patient population, it is reasonable to
assume that these benefits would also apply to this
group of people given that the effect of lowering
LDL-cholesterol by simvastatin is consistent
between populations, and the relation of LDL-
cholesterol to risk is linear.”278 The CSM bases the
27% reduction on a systematic review of trials
which includes some short-term trials and includes
patients with CHD. However, the reduction in
major coronary events of one-third over 3 years in
these trials is contradicted by a meta-analysis of
the five major primary prevention trials by the
University of British Columbia.279 They found that
the key measure of total mortality was not reduced
by statin therapy. Statins have therefore not been
shown to provide an overall health benefit in
primary prevention trials and it is unlikely that
low-dose statins will achieve an effect that high-
dose statins failed to achieve in clinical trials.

This study also found that 71 patients with
cardiovascular risk factors have to be treated with
a statin for 3–5 years to prevent one MI or stroke.
This means that, at the drug dose used in the
trial, 70 patients will take the drug long term with
no benefit. It is therefore likely that with a low
dose of statins hundreds of patients would need to

be treated to prevent one event. Many patients
would therefore be spending £10–15 per month
for no health benefit.

There have been no trials of OTC statins and
therefore no data on long-term patient
compliance, reliance on statins as opposed to
lifestyle modifications and the ability of
pharmacists to determine an individual’s risk
accurately.

Other concerns raised by the Lancet article include
the inequality of healthcare, with many people
unable to afford OTC statins long term, the
potential for interaction with other drugs, the
hazards of adverse events, and the potential for
patients at high risk to remain undetected and
therefore undertreated. 

The article concludes that the motive behind the
government’s decision is to save money and that a
surveillance system must be set up to collect
evidence of benefit and risk.

Equity issues
Variation in prescribing relating to
socio-economic deprivation
In 1996, before the introduction of national and
local guidelines on statin prescribing, Packham
and colleagues measured the variation in statin
prescribing by Nottingham GPs against a number
of practice variables.280 Practices with higher levels
of socio-economic deprivation had significantly
lower levels of statin prescribing per 1000
population aged 35–69 years. This relationship
persisted when adjustment was made for the level
of fibrate prescribing, and was highly significant 
(p < 0.0001).280 However, this relationship is no
longer so evident. Following the introduction of
national and local guidelines, Packham found that,
in 1997 and 1998, statin prescribing rates
increased, with proportionally larger increases
among practices in more deprived areas, so that
no significant relationship was found between
deprivation and prescribing rates.281

Limitations of risk tools in identifying
particular groups of patients
The current risk assessment tools do not take into
account the increased risk associated with certain
ethnic groups or low socio-economic class.23 These
patients will be at a higher risk than that predicted
by the risk tool and may therefore be denied
treatment because they fall below a selected
threshold. 
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No evidence for an alternative risk assessment tool
was identified that could be used for ethnic
minorities to assess CVD risk. In ordinary practice
the Framingham risk function is used by doctors
for ethnic minorities. A correction factor of 1.5 is
usually used as non-caucasian people, specially

South Asians, have a risk of CVD that is
approximately 50% higher than would be
expected from the risk factor profile. This seems a
good compromise until equivalent validated
cardiovascular risk assessment tools are available
for ethnic minorities.
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Main results
Clinical effectiveness
There is evidence from placebo-controlled studies
to suggest that statin therapy is associated with a
statistically significant reduction in the risk of:

● all-cause mortality, fatal and non-fatal MI, and a
composite end-point of CHD death plus non-
fatal MI, in both primary and secondary
prevention

● stable angina in primary prevention
● cardiovascular mortality, CHD mortality, non-

fatal stroke, PAD, unstable angina and coronary
revascularisation in secondary prevention. 

As the confidence intervals for each outcome in
each prevention category overlap, it is not possible
to differentiate, in terms of relative risk, between
the effectiveness of statins in primary and
secondary prevention. However, the absolute risk
of CHD death plus non-fatal MI is higher, and the
number needed to treat to avoid such an event is
consequently lower, in secondary than in primary
prevention.

There is no evidence that, at comparable levels of
cardiovascular risk, the effectiveness of statins
differs in women relative to men, in patients with
diabetes compared with those without, or in older
patients compared with those under 65 years of
age, nor is there evidence that statins differ in
effectiveness in patients with lower or higher
cholesterol levels at baseline.

Because of poor study design, it is difficult to
interpret the results of the studies that compared a
statin with ‘usual care’, while those that compared
a statin with no statin therapy very largely failed to
achieve statistically significant results in relation to
clinical outcomes.

It is not possible to differentiate between the
different statins on the basis of the evidence from
the placebo-controlled trials; although the point
estimates of their effect sizes may vary, in each
case the confidence intervals overlap. Only three
head-to-head comparisons of one statin with
another have reported clinical outcomes, and only
one of these, the PROVE IT-TIMI trial, reported

statistically significant results. These results
suggest that aggressive reduction in LDL-C with
atorvastatin is more effective than moderate LDL-
C reduction using pravastatin in reducing the risk
of hospitalisation for unstable angina, and of
coronary revascularisation; however, there was no
statistically significant difference between the two
statins in terms of the key composite end-point of
CHD death or non-fatal MI.

However, it should be noted that the different
statins vary in terms of the volume of evidence
available from placebo-controlled studies that
report clinical outcomes. As noted earlier, there is
no such evidence relating to rosuvastatin. Of the
remaining four statins, there is least evidence for
fluvastatin (four studies of secondary CHD
prevention in a total of 3416 patients). For
atorvastatin, there are five studies (14,969
patients), in high-risk primary prevention,
secondary and mixed prevention, and for
simvastatin there are eight studies (26,851
patients), all in secondary or mixed prevention.
There are 11 studies of pravastatin (29,524
patients): one study in primary prevention, six in
secondary prevention and four with mixed
populations. There is no RCT evidence for the
effectiveness of the 10-mg OTC dose of
simvastatin. Each statin is represented by both
studies that appear to be of good quality, and
others whose quality is difficult to assess in that it
is not clear from published sources whether the
method used to assign participants to the
treatment group was really random or the
allocation of treatment was concealed.

Statins are generally considered to be well
tolerated and to have a good safety profile.
Although increases in creatine kinase and
myopathy have been reported, rhabdomyolysis
and hepatotoxicity are rare. However, some
patients may receive lipid-lowering therapy for as
long as 50 years, and long-term safety over such a
timespan remains unproven.

Cost-effectiveness
The base-case analysis considers the cost-
effectiveness of statins for a population with CHD
or at risk of CHD, taking into account CHD
outcomes only. In secondary prevention the cost
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per QALY is estimated to vary between
approximately £10,000 and £15,700 between the
ages of 45 and 85 years. The ICERs are very
similar between the ages of 45 and 65, but
increase with age beyond this point. There is little
difference between ICERs for men and women.
Results are sensitive to the discount rates used and
the time-frame of the analysis. Using a threshold
of £20,000 per QALY, the results of the PSA show
that statin therapy is cost-effective for all patients
with a history of CHD. 

In the base-case primary prevention analyses the
ICERs vary according to risk level and age. The
estimated average ICER by risk level increases
from £20,000 to £28,000 for men between 3% and
0.5% CHD risk, and from £21,000 to £57,000 for
women. There is, however, significant variation
within risk levels by age. At an annual CHD risk of
3%, the estimated cost per QALY ranges from
£9500 to £36,800 for men and from £13,700 to
£47,400 for women between the ages of 45 and
85. At the age of 85 the estimated cost per QALY
rises from £36,800 and £47,400 for men and
women, respectively, at 3% CHD risk, to around
£105,200 and £110,600 for men and women at
0.5% CHD risk. Results are sensitive to the
discount rates and the modelling time-frame. The
PSA produces results similar to the base-case
results of the deterministic analysis.

The results of the CVD analysis for both primary
and secondary evaluations indicate that taking
stroke and TIA outcomes into account when
exploring the cost-effectiveness of statin treatment
results in a significant reduction in the cost-
effectiveness ratios, particularly at older age levels
where the benefits of avoided stroke and TIA
events are greater. 

Current statin prescribing is estimated at around
£675 million per annum. The estimated
additional prescribing cost to the NHS for
primary prevention ranges from £300 million at
an annual CHD risk level of 3% to £1.9 billion at a
risk of 0.5%. 

Assumptions, limitations and
uncertainties
Clinical effectiveness
The review of clinical effectiveness has several
limitations. The foremost is the lack of RCT
evidence for clinical outcomes; this is most notable
in the case of rosuvastatin, for which no relevant
studies have yet reported. Consequently, it is not

possible to demonstrate whether rosuvastatin’s
lipid-lowering effects are translated into
comparable reductions in clinical events. There is
also insufficient RCT evidence to demonstrate
whether statins differ in effectiveness in specific
subgroups of interest (primary compared with
secondary prevention, women compared with
men, people with diabetes compared with those
without, in people aged 65 and over compared
with those younger than 65, and people with
familial hypercholesterolaemia). Moreover,
although people from the Indian subcontinent
living in the UK are known to be at increased risk
of CVD, no placebo-controlled studies were
identified that studied the clinical effectiveness of
statins in this population.

Even when relevant RCTs are available, limitations
inevitably arise from the fact that studies do not all
report the same outcomes in the same format.
Some studies may not have collected data relating
to some outcomes. Others may have collected, but
not reported, the relevant data. Because of the
number of relevant studies, and the tight timescale
of the review, it was not considered feasible to
contact the study investigators to request missing
data. 

Further limitations relate to the quality of the
included studies, as reported in published articles.
A surprising number of studies did not provide
enough information to allow the reader to judge
whether the allocation of patients to treatment
groups was truly random, and even fewer
indicated whether allocation to treatment groups
was adequately concealed. In addition, although
most studies were double-blind, only one (LIPS)
assessed the success of the blinding process, and
then only informally; anecdotal evidence
suggested that many patients became unblinded to
their treatment allocation as their primary care
physicians had measured their total cholesterol
levels.91 Clearly, this may also have occurred in
other studies, and may have caused patients in the
control groups to attempt to reduce their
cholesterol levels either by modifying their
behaviour or by seeking non-study lipid-lowering
therapy, thus reducing the apparent effect of the
study therapy. Many studies reported the presence
of cointerventions (generally statin or other lipid-
lowering therapy in the control group), which
potentially influenced the study outcome. As a
result of such cointerventions, combined with non-
compliance with study therapy in the statin group,
many studies may underestimate the potential
effect of statin therapy in their study populations.
However, this may be counterbalanced by the
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exclusion from some studies of patients who were
hypersensitive to, intolerant of or known to be
unresponsive to statins, or who were not
adequately compliant with study medication
during a placebo run-in phase. As the numbers
involved may be large, this limits the
generalisability of the results of those studies. In
the largest statin study (HPS), around 30% of
patients who entered the run-in phase were not
included in the study because they either chose
not to continue in the study or were deemed
unlikely to be compliant in the long term;121

despite this, only 82% of participants allocated to
statin therapy were still compliant with that
therapy at 5 years, and most of the non-compliant
patients appeared to have discontinued therapy.74

Thus, although the results of the meta-analyses
may underestimate the true effects of statin
therapy compared with placebo, by limiting their
populations to those patients most likely to be able
to comply with long-term therapy they may
nonetheless overestimate the effects of statins in
unselected populations.

Cost effectiveness
One of the major limitations of the analyses is the
requirement to extrapolate well beyond the time-
frame of the trial period. This period of
extrapolation will be longer for younger patients
and therefore the results for the lower age bands
are subject to greater uncertainty. In addition, the
analyses for primary prevention are extrapolating
effectiveness results from higher risk primary
prevention populations to the treatment of
populations at much lower risk, and have to be
treated with caution. 

A further limitation is the question of
generalisability of the results of RCT evidence to
routine clinical practice. Effectiveness of statins in
routine clinical practice could be lower than
suggested by the trials owing to a number of
issues, particularly compliance and continuance.
However, sensitivity analysis on compliance and
continuance assumptions shows that the impact on
cost-effectiveness results is not likely to be
significant. 

The analyses are sensitive to the cost of statin, and
the future cost of statins is a key unknown.
Therefore, the cost-effectiveness results will need
to be reviewed in the light of any significant
changes in the price of statins. The impact of
reductions in the price of statins on the NHS
impact will depend on the treatment guidance in
place. If treatment thresholds remain unchanged
any fall in the price of statins will reduce the NHS

impact. However, in the longer term a drop in the
price of statins may lead to a review of treatment
thresholds. As statins become more cost-effective
then some age groups who were previously above
the willingness-to-pay threshold and therefore not
eligible for treatment will move below the
threshold and become eligible for treatment. A
20% reduction in the price of statins is estimated
to result in approximately 600,000 additional
people becoming eligible for treatment, at an
additional annual cost of £180 million. This
additional cost, however, will be offset to some
degree by savings achieved through events
avoided owing to these additional 600,000 people
being treated.

This analysis does not take into account the costs
of identifying and screening the relevant
population. In primary prevention as the risk
threshold falls the size of the population eligible
for treatment increases. The number of patients
who will require regular monitoring will expand,
placing additional demands on staff and resources
at GP surgeries. 

Modelling clinical outcome on cholesterol
lowering inherently favours drugs that are more
potent at lowering cholesterol. Rosuvastatin was
marketed and priced at a time when clinical
evidence was available for other statins, and
following the withdrawal of cerivastatin because of
toxicity. It was priced competitively on the basis of
its potency in lowering cholesterol. Not
surprisingly, models that take into account
cholesterol lowering, rather than actual clinical
effectiveness from RCTs, favour rosuvastatin and
show that it is cost-effective. Cholesterol reduction
used in the analyses for rosuvastatin is based on a
cholesterol-lowering trial. RCTs have consistently
underperformed in terms of cholesterol lowering,
usually achieving a reduction in total cholesterol of
only about 25%, compared with trials where
cholesterol lowering has been the primary end-
point. This also favours rosuvastatin in the
analysis.

The proportion of a low-risk population willing to
take long-term medication is a major unknown.
This, along with uncertainties regarding the rate
of case identification in primary care and the
potential rates of long-term compliance and
continuation among asymptomatic patients, means
that the estimated NHS impact is highly
uncertain. Given the relatively slow uptake of
statins in primary prevention over the past few
years, the likely uptake rate at lower thresholds is
expected to be slow and therefore the full NHS

Health Technology Assessment 2007; Vol. 11: No. 14

137

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.



impact will not be realised in the short to medium
term.

The role of statins must be seen in the context of
other interventions to reduce CHD risk, including
smoking cessation, exercise and the use of diet, as
well a range of drug treatments, such as
antihypertensives, �-blockers and aspirin. Several
of these interventions have been shown to be more
cost-effective than statins.23 Use of other
interventions, before statin prescribing, to reduce
CHD risk potentially has the effect of reducing an
individual’s risk to levels below which they would
become eligible for statin treatment. Therefore,
significant efforts need to be made to ensure that
use of other interventions is optimised, to
minimise the potential NHS impact of statin
prescribing.

Need for further research
Clinical effectiveness
The most urgent need is for further research into
the clinical effectiveness of statin therapy in
populations at relatively low risk of a coronary
event, and the impact of such therapy in terms of
adverse events and quality of life. However, any
study that was powered for clinical outcomes in a
low-risk population would of necessity be very
large and expensive.

Studies of the comparative efficacy of different
statins in terms of clinical end-points would be
desirable, but unfeasibly large and expensive. 

Cost effectiveness
Robust published evidence on quality of life,
compliance and continuance is required to ensure
that cost-effectiveness results are as robust as
possible. 

The current analysis is based on extrapolating
results from much higher risk patients to the
treatment of apparently healthy people. Large
outcome studies at lower CHD/CVD risk
thresholds would be useful to determine whether
the relative risk reduction figures remain valid at
lower risk levels and the extent to which potential
disutility due to statins may become an issue as
treatment is extended to a vast proportion of the
‘well’ population.

Given the uncertainty of the results of the
surrogate end-point analysis, clinical end-point
data for rosuvastatin are required. Studies are
currently in progress that will provide such data.

Future service implementation research is
important, particularly on effective policies for
targeting low-risk populations. Research on the
attitudes of low-risk patients and relatively healthy
younger 45-year-olds to taking lifetime medication
is required, along with research into the optimal
methods of explaining risks and benefits of
treatment to patients so that they can make
informed choices. Explanation will need to be
valid across the social and ethnic spectrum of
society.

Risk assessment tools
The current risk assessment tools, based on
Framingham equations, are leading to
overtreatment in some people and undertreatment
in others. Current research suggests that it may be
possible to adjust the Framingham equations so
that they apply more accurately to the UK
population.212 However, this research is limited to
men aged 40–59 years. Further research is needed
to extend this knowledge to the rest of the
population and also to find ways of incorporating
these adjustments into the current risk assessment
tools.
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There is evidence from placebo-controlled
studies to suggest that statin therapy is

associated with a statistically significant reduction
in the risk of:

● all-cause mortality, fatal and non-fatal MI, 
and a composite end-point of CHD death plus
non-fatal MI, in both primary and secondary
prevention

● stable angina in primary prevention
● cardiovascular mortality, CHD mortality, non-

fatal stroke, PAD, unstable angina and coronary
revascularisation in secondary prevention. 

As the confidence intervals for each outcome in
each prevention category overlap, it is not possible
to differentiate, in terms of relative risk, between
the effectiveness of statins in primary and
secondary prevention. However, the absolute risk
of CHD death/non-fatal MI is higher, and the
number needed to treat to avoid such an event is
consequently lower, in secondary than in primary
prevention.

The generalisability of these results is limited by
the exclusion, in some studies, of patients who
were hypersensitive to, intolerant of or known to
be unresponsive to statins, or who were not
adequately compliant with study medication
during a placebo run-in phase. A considerable
proportion of patients with or at risk of CHD may
have been excluded in this way. Consequently, the
treatment effect may be reduced when statins are
used in an unselected population.

It is not possible, on the evidence available from
the placebo-controlled trials, to differentiate
between the different statins. In relation to each
outcome, although the point estimates of their
effect sizes may vary, the confidence intervals
overlap. Few studies have directly compared one
statin with another, and none of these has
demonstrated a statistically significant difference
between statins in terms of the key composite end-
point of CHD death or non-fatal MI.

There is currently no RCT evidence for the
effectiveness of either rosuvastatin or the 10-mg
OTC dose of simvastatin in preventing clinical

events. The results of rosuvastatin outcome trials
are anticipated in 2007.

There is limited evidence for the effectiveness of
statins in different subgroups. There is no
evidence that, at comparable levels of
cardiovascular risk, statins differ in their
effectiveness in men and women, in people with
diabetes compared with those without, or in
people aged 65 and over compared with those
younger than 65. In renal transplant patients,
statin therapy is associated with a reduced risk of
CHD death plus non-fatal MI. However, no
benefit has been demonstrated in cardiac
transplant patients. For ethical reasons, no
placebo-controlled trials have been carried out in
patients with familial hypercholesterolaemia. The
only randomised trial in this group therefore
compared two statins, and found no significant
difference between them. People from the Indian
subcontinent living in the UK are known to be at
increased risk of CVD. However, no placebo-
controlled studies were found that studied the
clinical effectiveness of statins in this population.

Although, logically, one might expect statin
therapy to achieve the greatest relative reduction
in risk of CHD death/non-fatal MI in those
populations with the highest serum cholesterol
levels at baseline, there is no RCT evidence to
suggest that statins are less effective in preventing
clinical events in people with relatively low
baseline LDL-C than in those with higher
cholesterol levels.

Statins are generally considered to be well
tolerated and to have a good safety profile. This
view is generally supported both by the evidence
of the trials included in this review and by
postmarketing surveillance data. Increases in CK
and myopathy have been reported, but
rhabdomyolysis and hepatotoxicity are rare.
However, some patients may receive lipid-lowering
therapy for as long as 50 years, and long-term
safety over such a timespan remains unproven.

The cost-effective modelling presented here has
shown that statin therapy in secondary prevention
is likely to be considered cost-effective compared
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with other current standard treatments available
on the NHS. Sensitivity analysis has shown the
results to be robust. In primary prevention the
cost-effectiveness ratios are dependent on the level
of CHD risk and age. The ICERs for primary
prevention are sensitive to the the cost of statins,
discount rates and the modelling time-frame. In
the CHD analysis the weighted average ICER by
risk level ranges from £20,000 to £27,500 for men
and from £21,000 to £57,000 for women. There is
substantial variation in ICERs with age within risk
levels. In the CVD analyses, taking into account the
benefits of statins on reductions in stroke and TIA
events, the costs per QALY are significantly lower
than the base-case levels. The weighted average
ICER by risk level remains below £20,000 at CHD
risk levels down to 0.5%, although there is
variation in cost-effectiveness with age within risk
levels. This finding offers support for the more
aggressive treatment recommendation issued by
new guidelines in the UK.

Modelling clinical outcome on cholesterol lowering
inherently favours drugs that are more potent at
lowering cholesterol. In the absence of strong and
conclusive evidence on the relationship between
cholesterol lowering and clinical end-points, cost-
effectiveness results for rosuvastatin are subject to
significant uncertainty. Evidence on clinical end-
points for rosuvastatin is therefore awaited.

The analyses are sensitive to the cost of statins,
and the future cost of statins is a key unknown.
Therefore, the cost-effectiveness results will need
to be reviewed in the light of any significant
changes in the price of statins.

The potential targeting of statin at low-risk
populations raises major uncertainties, including
the likely uptake of lifelong medication of
asymptomatic patients and potential trends in
long-term compliance and continuance,
particularly of younger patients. The targeting,
assessment and monitoring of low-risk patients in
primary care will have major resource
implications. These areas require further research.

The role of statins must be seen in the context of
other interventions to reduce CHD risk, including
smoking cessation, exercise and the use of diet, as
well a range of drug treatments, such as
antihypertensives, �-blockers and aspirin. Use of
other interventions before statin prescribing to
reduce CHD risk potentially has the effect of
reducing an individual’s risk to levels below which
they would become eligible for statin treatment.
Therefore, significant efforts need to be made to
ensure that the use of other interventions of
equivalent proven efficacy is optimised, to
minimise the potential NHS impact of statin
prescribing. 
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