
Abstract

Coronary artery disease (CAD) is the leading cause
of death in the UK. The objective of this study
was to readdress the economic burden of CAD in

the UK, with the ultimate aim of providing a reliable
and up-to-date estimate of the economic cost to society
of CAD in the UK. We estimated the cost of CAD in the
UK using a prevalence-based ‘top down’ approach. We
took a societal perspective by including both direct
healthcare costs and indirect costs. The total direct
healthcare cost of CAD in the UK in 2001 was estimated
to be approximately £1.8 billion. The largest cost
components were drug treatment (70%) and hospital
treatment (25%). Friction-adjusted indirect costs of CAD
borne by society in the UK are estimated to be £702
million, or approximately 28% of the overall costs of
CAD. 

Our study illustrates the impact of recent changes in
drug treatment for CAD, and has shown that CAD has a
relatively small share of total NHS expenditure
considering that CAD is the leading cause of death in
the UK. This suggests that new medical interventions
are required for CAD, with sufficient efficacy and
cost-effectiveness to justify a greater share of NHS
resources.

Key words: coronary artery disease, cost of illness, cost 
allocation.
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Introduction
Coronary artery disease (CAD), defined in this study using the
International Classification of Diseases (ICD10) codes I20–I25
(ischaemic heart disease), is the leading cause of death in the
UK.1 One in four men and one in six women die from the dis-

ease: CAD caused more than 120,000 deaths in the UK in
2001.1

The epidemiological importance of CAD in the UK is well
documented,1 but less attention has been paid to the economic
burden. A cost of illness study quantifies the economic burden of
a disease, expressing it in monetary terms by estimating the
resources consumed in disease prevention, detection and treat-
ment. This type of study offers an alternative perspective on the
importance of disease, and can provide a useful tool for deter-
mining research priorities.

Previous attempts have been made to estimate the economic
impact of CAD in the UK.2-5 They have tended to focus on the
direct healthcare costs. More recently, the importance of the indi-
rect costs of CAD has been identified.6 The objective of this study
was to readdress the economic burden of CAD in the UK, by
building on earlier studies and taking a more conservative
approach, with the ultimate aim of providing a reliable and up-to-
date estimate of the economic cost of CAD to society in the UK.

Methods
We estimated the cost of CAD in the UK using a prevalence-
based ‘top down’ approach and aggregate data on mortality,
morbidity and health service utilisation. Often cost of illness stud-
ies focus solely on cost items attributable to the healthcare sys-
tem (direct healthcare costs). However, there are substantial indi-
rect non-health service costs associated with loss of production
through morbidity and mortality. We took a societal perspective
by including both direct healthcare costs and indirect costs. The
total cost estimate was obtained for the whole UK in 2001 (the
base year). Where the available data covered only England or
England and Wales, estimates were weighted to the UK level
using population ratios from the 2001 census. Costs incurred
from future losses in productivity resulting from mortality were
discounted at a rate of 6% to reflect a positive rate of time pref-
erence.7

Epidemiology
The number of prevalent CAD cases in the UK was estimated by
combining prevalence data taken from the 1998 Health Survey
for England with 2001 UK census population data (table 1).8-11

These estimates were used for calculating the cost of CAD.

Direct healthcare utilisation and costs
Hospital in-patient treatment costs for CAD were estimated
using NHS reference costs for England 2001.12 We identified the
HealthCare Resource Groups (HRGs) associated with CAD. These
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were, specifically, acute myocardial infarction (E11 and E12),
angina (E33 and E34), coronary atherosclerosis (E22 and E23),
cardiac arrest (E28), coronary bypass (E04), percutaneous trans-
luminal coronary angioplasty (PTCA) (E15), and other percuta-
neous cardiac procedures (E16). 

We combined elective and non-elective finished consultant
episodes (FCE) in 2001 and calculated weighted mean costs for
each HRG and a weighted average cost for a CAD-related in-
patient episode (table 2). An estimate of the mean total annual
in-patient costs for CAD in the UK was obtained by multiplying
the total number of CAD-related in-patient episodes by the
weighted mean costs for a CAD-related in-patient episode.

The number of out-patient hospital attendances related to
CAD was estimated by multiplying the excess referral rate among
people with CAD by the prevalence of CAD in the UK. Key health
statistics from general practice reported out-patient referral rates
of 11 per 100 patients and 25 per 100 CAD patients for England
and Wales in 1994.13 Multiplying the excess referral rate (14 per
100 patients) by the estimated number of people in the UK
suffering from CAD in 2001 (table 1) gave an annual estimate of
CAD-related out-patient visits. We also assumed that half of all
in-patient episodes relating to CAD were followed by one out-
patient appointment. The unit cost of an out-patient visit for
CAD was estimated by taking the weighted average cost of all
cardiology out-patient visits reported in 2001.12 The total cost of
out-patient visits related to CAD was estimated by multiplying
the average unit cost per visit by the total estimated number of
out-patient visits related to CAD.

Primary care consultation rates related to CAD were obtained
from the fourth national study on morbidity14 and applied to
CAD prevalence data to give an estimate of the number of CAD-
related consultations. These were multiplied by appropriate unit
costs15 to provide an estimate of the total cost of CAD in prima-
ry care.

Data on the number and cost of prescriptions dispensed in
the community used for prevention and treatment of cardiovas-
cular disease (CVD) in England in 2001 were obtained from the

Department of Health (table 3).16 The Department of Health esti-
mated that 48.9% of all the prescriptions for CVD were for CAD
in 1994.17 We acknowledge that this figure is likely to be some-
what out of date, particularly with the large increase in prescrib-
ing of lipid-regulating drugs during the intermittent years.
Therefore, we attributed the increase in lipid-regulating drugs
wholly to the treatment of CAD and estimated that 66.3% of all
prescriptions for CVD were for CAD. The cost of dispensing was
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Table 1. CAD prevalence and mortality in the UK

Age group (years)
16–24 25–34 35–44 45–54 55–64 65–74 75+ Total

Prevalence 

Men 3,636 16,382 39,010 165,752 416,309 464,708 376,844 1,482,639

Women 0 12,796 26,658 70,591 198,936 329,443 514,112 1,152,536

Total 3,636 29,178 65,668 236,343 615,245 794,151 890,956 2,635,175

Mortality

Men 5 112 897 3,611 8,409 17,662 35,945 66,646

Women 4 22 197 763 2,532 8,677 42,397 54,593

Total 9 134 1,094 4,374 10,941 26,339 78,342 121,239

Data taken from references8-11 and the UK Census 2001

Table 2. CAD-related hospital in-patient HRG costs

Weighted
HRG Label Share average 
code FCEs unit cost

E11 Acute myocardial infarction 5% £1,308
with complications

E12 Acute myocardial infarction 25% £910
without complications

E22 Coronary atherosclerosis 2% £1,274
> 69 years or with complications

E23 Coronary atherosclerosis 2% £1,056
< 70 years without complications

E28 Cardiac arrest 1% £849

E33 Angina > 69 years or with 25% £747
complications

E34 Angina < 70 years without 23% £602
complications 

E04 Coronary bypass 7% £5,502

E15 PTCA 8% £2,554

E16 Other percutaneous cardiac 2% £1,854
procedures

Key: CAD = coronary artery disease; HRG = healthcare resource group; 
FCE = finished consultant episode; PTCA = percutaneous transluminal coronary 
angioplasty
Data from Department of Health12
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estimated by multiplying the total number of items dispensed by
the unit cost of dispensing.18

Indirect costs
The human capital approach values costs to society as the value
of lost production.19 To calculate the cost of lost production due
to premature death and inactivity during hospitalisation and
associated recuperation, we included the value of lost employ-
ment and household production. This approach may overstate
the costs because some nominally ‘lost’ work, or workers, can be
replaced.20 Time may be required to find and train suitable
replacement workers. Therefore, the true production lost is the
time taken to obtain suitable replacements. This is known as the
friction cost approach.19

Levels of production were taken from the time use survey for
Great Britain,21 separated by labour force and household activity
(defined using the household satellite account).22 We assumed
that both hours of employed production were constant and
household production hours were constant up to retirement age
(65 for men, 60 for women). From retirement age, household
activity was taken to decay linearly to one hour per week at age
90. These time-use data were combined with age and gender-
specific income data to estimate the value of production.21,23

The average hourly rate of pay was used as a ‘shadow price’
to value household production. Multiplying household hours
worked by the shadow price and adding this to the gross week-
ly wage estimated the value of production for an employed per-
son. The value of production for an unemployed person was cal-
culated by multiplying household hours worked by the shadow

price. An expected value of production for each age/gender
combination was then calculated by applying a weighting for the
probability of being employed.24 This process identified the pro-
ductive weekly value of a person of a given age and gender.
These values were used to calculate lifetime productive values,
weighted by the chance of natural death using crude mortality
rates.25,26 A 6% discount rate was used to convert expected
future earnings into present values.7

The value of lost lifetime production from premature death
caused by CAD was calculated by multiplying the respective val-
ues of production by the number of CAD fatalities of a given age
and gender (table 1). We also allowed for friction costs and the
ultimate replacement of deceased workers by only counting the
first 90 days of lost production resulting from mortality.20

Lost production results from time off work due to hospitali-
sation and associated recuperation. The value of lost production
is the average weekly value of production (employed plus house-
hold, stratified by age and gender) multiplied by the number of
weeks spent in hospital and in recuperation. We assumed that
two thirds of all CAD-related hospital in-patient episodes were
followed by four weeks of time off work for recuperation, in
addition to any time spent in hospital.27

To estimate costs to families, we assumed that one family
member visits each CAD patient every day during their hospital-
isation. That family member would incur travel and time costs.
Travel costs were estimated by assuming that, on average, each
visit involves a six-mile round trip. The cost per mile (£0.45) was
taken from the authorised mileage rates published by the Inland
Revenue.28 The average travel cost per hospital visit was estimat-
ed to be £2.70. We assumed that the total time used per visit
was two hours. We used average hourly earnings weighted by
age and gender to estimate a ‘shadow price’ of £10.78 per hour
as the value of family members’ time.23 The average length of
stay for CAD was 4.51 days in 2001.29 Thus, the average total
cost to the family for visiting relatives was £97.33 per CAD-relat-
ed in-patient episode.

Sensitivity analyses
Since we drew upon a wide range of sources and assumptions,
there will be uncertainty in the estimated cost of CAD. Therefore,
sensitivity analyses were performed to test the various input
parameters to identify those where a change in value brings
about the greatest change in the results. Each input parameter
was varied by 20%.

Results
Direct healthcare costs
We estimated the total direct healthcare cost of CAD in the UK
in 2001 at £1.8 billion (table 4). The largest costs were those
used for drug treatment (70%) and in-patient hospital treatment
(25%).

In 2001 there were a total of 285,172 CAD-related in-patient
episodes in England. Assuming a constant incidence across the
UK and applying census population data, we estimated that
there was a total of 341,177 CAD-related in-patient episodes in

THE BRITISH JOURNAL OF CARDIOLOGY220

Table 3. Prescriptions for cardiovascular disease in England in 2001

British National Formulary (BNF) 
Section name Prescriptions Cost
(chapter and section) (thousands) (£ thousands)

Positive inotropic drugs (2.1) 4,030.6 £3,572.0

Diuretics (2.2) 30,203.3 £61,853.1

Anti-arrhythmic drugs (2.3) 1,292.1 £15,290.9

Beta-adrenoceptor blocking drugs (2.4) 20,438.8 £81,644.2

Antihypertensive therapy (2.5) 25,046.9 £420,616.9

Nitrates, calcium blockers and potassium 26,813.5 £366,703.6
channel activators (2.6)

Sympathomimetics (2.7) 1.6 £139.9

Anticoagulants and protamine (2.8) 4,609.1 £19,917.0

Antiplatelet drugs (2.9) 18,890.6 £50,954.2

Antifibrinolytic drugs and haemostatics (2.11) 282.4 £4,635.6

Lipid-regulating drugs (2.12) 13,523.0 £438,845.0

Local sclerosants (2.13) 0.5 £2.1

Total 145,132 £1,464,174

Prescription cost analysis data from the Department of Health16
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the UK in 2001. We estimated that the average unit cost for a
CAD-related in-patient episode in the UK was £1,312.10.
Multiplying this figure by the total number of in-patient
episodes, we estimate that in-patient care for CAD cost £447.7
million in the UK in 2001 (table 4).

We estimated that in 2001 there were approximately 539,513
out-patient visits related to CAD in the UK. The weighted average
unit cost of a cardiology out-patient visit was estimated to be
£84.42. Multiplying these figures, we estimate that out-patient
care for CAD cost £45.5 million in the UK in 2001 (table 4).

We estimated that there was a total of 2.7 million primary
care consultations for CAD in the UK in 2001. This cost the NHS
approximately £49.5 million (table 4). The majority of consulta-
tions took place at GP surgeries.

There was a total of 145 million prescriptions for cardiovascular
disease in England in 2001 (table 3). We estimated that there were
approximately 95 million prescriptions for CAD in the UK in 2001,
costing approximately £1.16 billion. We estimated that an addi-
tional £92.7 million was spent on dispensing. The largest contribu-
tor to drug costs was lipid-regulating drugs, accounting for approx-
imately 38%, followed by antihypertensive therapy (23%), and
nitrates, calcium blockers and potassium channel activators (20%).

The estimate of the direct healthcare costs of CAD was not
very sensitive to changes in the input parameters. Changes in the
volume of prescriptions and in-patient episodes produced the
largest variations (14.0% and 5.1%, respectively), and changes
in the other input parameters had a small effect only (figure 1).
The parameters are ranked in order from greatest to smallest
effect on direct healthcare costs.

Indirect costs
Using the human capital approach, we estimated that mortality
from CAD in the UK cost £6.3 billion in 2001 (of which £4.7 bil-
lion can be attributed to males and £1.6 billion to females).
Alternatively, costing the loss of productivity until a replacement
worker is found (friction cost approach), an estimate of £298 mil-
lion was obtained (£212.4 million for men and £85.6 million for
women).

We estimated that approximately 1.5 million working days,
or £72.8 million, were lost due to hospitalisation for CAD in the
UK in 2001. A further 6.3 million working days, or £297.8 mil-
lion, were lost in time off work for recuperation following dis-
charge from hospital. Costs to families incurred through visiting
patients in hospital amounted to approximately £33.2 million in
the UK in 2001.

The largest driver of friction-adjusted indirect costs is the
value of lost production due to hospitalisation and recuperation:
a 20% change results in a 10.6% change in total friction-adjust-
ed indirect costs. The second largest driver of indirect costs is the
value of lost production due to premature death: a 20% change
results in an 8.49% change in total friction-adjusted indirect
costs. Family resources have the smallest impact on indirect costs:
a 20% change results in a 0.95% change in total indirect costs.

Discussion
We estimated that the annual cost of CAD in the UK in 2001 was
approximately £2.5 billion. The vast majority of these costs, £1.8
billion (72%), were direct healthcare costs. The main contribu-
tors to direct healthcare costs were drug treatment (70%) and in-

Table 4. Costs of coronary artery disease in the UK in 2001

Type of resource Units Average cost Total cost Source 
(£) (£ million) (reference no.)

Direct healthcare costs

In-patient Hospital episode 341,177 £1,312 £447.7 12

Out-patient Attendances 539,513 £84.42 £45.5 12,13
Drug treatment Prescriptions 95,117,127 – £1,161.9 16

Dispensing 95,117,127 £0.975 £92.7 16

Primary care Doctor at clinic 2,154,007 £13 £28.0 15,14
Doctor at home 497,110 £42 £20.9
Nurse at clinic 50,070 £7 £0.35
Nurse at home 30,083 £10 £0.30

Subtotal £1,797.4

Indirect costs 7,21-6

Mortality Deaths 121,239 – £6,317 1
(friction-adjusted) – – (£298) 20

Morbidity Sickness leave (weeks) 1,120,611 – £370.6 27

Family 341,177 £97.33 £33.2 23,28,29

Subtotal £6,72.1
(friction adjusted) £701.8

Total cost of illness £8,518.7
(friction-adjusted) £2,499.3
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patient hospitalisation (25%). Over the last four years the total
cost of prescriptions for CVD in England has grown at an aver-
age annual rate of 18.6%. This has been driven by a large
increase in the prescribing of lipid-regulating drugs for preven-
tion of CAD.

Using a prevalence-based approach, Stewart et al. estimated
that in 2000 angina pectoris cost £669 million to the UK National
Health Service.30 This estimate for angina fits well with our direct
healthcare cost estimate for CAD in the UK. Our estimate of both
in-patient and out-patient hospitalisation costs for CAD is signif-
icantly lower than that presented by Liu et al.6 Our approach
made better use of the available data to calculate the weighted
average cost per CAD-related episode/attendance, as opposed to
simply using a less specific specialty unit cost. Similarly, our esti-
mate of the cost of drug treatment for CAD was significantly
higher than that presented by Liu et al. This is due to the fact that
we attribute the large increase in the prescribing of lipid-regulat-
ing drugs solely to the prevention of CAD.

Indirect costs borne by society account for only £702 million
(30%) of our estimated cost of CAD in the UK. Indirect costs typ-
ically swamp all direct costs in disease areas with high mortality,
due to the high value of earnings per week relative to many
healthcare costs, and the long duration of the effect of lost out-
put. However, we adopted the friction cost approach to the esti-
mation of indirect costs, which only includes the value of pro-
duction lost during the time taken to recruit and train suitable
replacement workers. Our estimate of indirect costs without fric-
tion adjustments, £6.72 billion, highlights the significance of the
debate over which is the most appropriate methodology.
However, we have shown that indirect costs are an important
contributor to the overall cost of CAD. The importance of indi-
rect costs should not be understated.

Using a friction cost approach Liu et al. estimated that CAD
cost the UK approximately £2.9 billion in productivity losses. This
is significantly different to our friction-adjusted estimate, and fur-

ther highlights the need to identify a universally acceptable
approach to estimating indirect costs of illness. The difference
appears to be the result of assumptions made about the extent
of work incapacity resulting from CAD. We conservatively
assumed that two thirds of all CAD-related hospital in-patient
episodes were followed by four weeks of time off work for recu-
peration, in addition to any time spent in hospital. However, Liu
et al. assumed that all CAD events were followed by 90 days’
work incapacity.  Moreover, our estimates of production losses
were based on age- and gender-specific productive weekly val-
ues, whereas Liu et al. used crude average weekly earnings.
Since CAD prevalence increases with age and income falls as
individuals reach retirement, this approach is likely to overstate
the true cost of lost production.

We acknowledge that there are limitations to this study,
mostly relating to data quality and availability. Recent research
has highlighted both the scarcity and mixed quality of data
sources for coronary heart disease in the UK.31 Data on preva-
lence, incidence and costs were obtained from national databas-
es and relevant clinical literature. The accuracy of our estimates
is dependent on the accuracy of these data sources. Our selec-
tion of data sources was based on reliability and representative-
ness. For instance, the 1998 Health Survey for England includes
information on both the prevalence of CAD and healthcare
resource use. However, we only used the prevalence data, since
NHS reference costs,12 key health statistics from general prac-
tice,13 and the fourth national study on morbidity,14 provided a
more representative source for hospitalisation, out-patient and
primary care resource use. In the absence of UK level data, we
have used data for England and adjusted to the UK level using
population ratios from the 2001 census. This implicitly assumes
that data for England are representative of the whole UK, which
might not be true. However, the sensitivity analyses showed that
our estimates were relatively robust to variation in input values.

The National Institute for Clinical Excellence (NICE) makes
recommendations on the use in the NHS of health technologies
based on appraisal and assessment of ‘clinical and cost effective-
ness’.32 When considering that CAD is the leading cause of death
in the UK, accounting for approximately 20% of all deaths,1 it is
perhaps a little surprising that it had such a small share (3.4%) of
the £44 billion spent on the NHS in 2001.33 This raises issues sur-
rounding the allocation of healthcare resources, and suggests
that new medical interventions are required for CAD with suffi-
cient efficacy and cost-effectiveness to justify a greater share of
NHS resources. Any increases in expenditure on more efficacious
interventions for CAD are likely to be offset by reductions in indi-
rect costs through reduced mortality. Perhaps we have seen the
beginning of this with the large increase in the prescribing of
lipid-regulating drugs? Our study offers an up-to-date estimate
of the cost of CAD in the UK, and has illustrated the impact of
recent changes in drug treatment for CAD.
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Key messages

� The total direct healthcare cost of CAD in the UK in
2001 is estimated to be approximately £1.8 billion. The
largest cost component was expenditure on drug
treatments (70%), which have grown significantly in
recent years with rapid increases in prescribing of
lipid-regulating drugs

� Indirect costs borne by society contribute significantly to
the total cost of CAD in the UK. However, agreement
on a universally acceptable approach to estimating
indirect costs remains an important goal for health
economics

� CAD accounts for a small share of total NHS
expenditure considering that CAD is the leading cause
of death in the UK. This highlights the need for new
medical interventions for CAD with sufficient efficacy
and cost-effectiveness to justify a greater share of NHS
resources

Shearer-218-223  3/6/04  12:49  Page 6

COPY
RIG

HT M
ED

IN
EW

S

(C
ARD

IO
LO

GY) L
IM

ITE
D

RE
PR

ODUCTIO
N PR

OHIBI
TE

D


