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Abstract

Background: stroke is a leading cause of death and disability globally. The economic costs of stroke are high but not often
fully quantified. This paper estimates the economic burden of stroke and transient ischaemic attack (TIA) in Ireland in
2007.
Methods: a prevalence-based approach using a societal perspective is adopted. Both direct and indirect costs are estimated.
Results: total stroke costs are estimated to have been €489–€805 million in 2007, comprising €345–€557 million in direct
costs and €143–€248 million in indirect costs. Nursing home care and indirect costs together account for the largest pro-
portion of total stroke costs (74–82%). The total cost of TIA was approximately €11.1 million in 2007, with acute hospital
care accounting for 90% of the total.
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Conclusions: the chronic phase of the disease accounts for the largest proportion of the total annual economic burden of
stroke. This highlights the need to maximise functional outcomes to lessen the longer term economic and personal impacts
of stroke.

Keywords: stroke, transient ischaemic attack, cost of illness, elderly

Introduction

Available studies estimate that, in Western countries, 2–
5% of total health-care costs are due to cerebrovascular
diseases [1, 2]. Information on the prevalence-based costs
of different illnesses can inform health policy-makers
when setting priorities, evaluating existing services, allocat-
ing resources and planning new services [2–4]. This paper
adds to available evidence on the economic burden of
stroke, drawing on the Irish experience. The costs of
transient ischaemic attack (TIA) in Ireland are also
estimated.

The Irish context is of particular interest, giving an
example of a health-care system where stroke services
remain relatively underdeveloped [5] and where there is a
complex mix of public and private provision, with implica-
tions for the composition of the cost burden. Until recently,
stroke and TIA received relatively little attention in the Irish
health system and there has been limited investigation of
costs [6, 7]. The first Irish National Audit of Stroke Care
(INASC) highlighted substantial deficits in primary and sec-
ondary prevention, hospital treatment, rehabilitation and
other services [5]. Many of the Audit’s recommendations
for service improvements (e.g. 24-h availability of thromb-
olysis therapy, development of stroke units) have cost impli-
cations. In addition, increasing age is a key risk factor for
stroke. In European terms, Ireland has a relatively young
population. However, as the population is increasing and
the proportion aged 65 years and older in Ireland is pro-
jected to rise from 11 to 15% by 2021, the health and eco-
nomic impact of stroke is set to increase [8, 9].
Understanding the current resource use and costs of stroke
and TIA is important to inform priority setting and health
service planning.

Methods

Overview of methodology

This is a prevalence-based study, examining the total costs
of stroke and TIA in Ireland in 2007, aggregating the costs
for those living with the consequences of stroke and those
experiencing a stroke in 2007. This contrasts with an
incidence-based study which estimates the lifetime costs of
a disease for a specific cohort of new cases. A societal per-
spective is adopted which includes costs incurred by the na-
tional government and by private organisations and
individuals. Direct costs of health care for stroke patients

and indirect costs (productivity losses) are included. For
TIA, direct costs of acute hospital care and medications are
estimated. In line with other studies, intangible costs such
as the cost of suffering and the loss of quality of life are
excluded. Stroke is defined according to the International
Classification of Diseases (10th revision) including sub-
arachnoid haemorrhage, intracerebral haemorrhage, cerebral
infarction and stroke not specified as haemorrhage or in-
farction (i.e. ICD-10 codes I60, I61, I63 and I64). TIA is
defined according to the ICD-10 codes: G45.0, G45.2,
G45.3 and G45.9.

Epidemiological data

The North Dublin Population Stroke Study (NDPSS) is a
prospective cohort study of stroke and TIA conducted in
North Dublin (population of 294,592) using internationally
recommended methods for measuring incidence (recruit-
ment December 2005–November 2006) [10]. Age- and sex-
specific stroke incidence rates are adopted from the
NDPSS and applied to the 2007 Irish population (n =
7,735). Sensitivity analysis adopts incidence rates at the
upper and lower bounds of the 95% confidence interval
(5,290–11,491). Incidence includes first-ever and recurrent
strokes. Treatment costs of a recurrent stroke are estimated
to be the same as those for a first stroke [11].

Upper and lower estimates of total stroke prevalence in
Ireland are used to estimate the costs of continuing care
after acute stroke. The lower estimate (n= 28,330) com-
bines data from the 2001 Health Module of the Quarterly
National Household Survey [12] with an estimate of the
number of stroke patients residing in nursing homes. The
upper estimate is adopted from the World Health
Organization Global Burden of Disease project (n =
46,873) [13]. For TIA, costs are estimated for the total
number of TIA cases recorded in the national hospital
database of in-patient care (Hospital In-Patient Enquiry,
HIPE).

Direct costs for stroke

Acute hospital and in-patient rehabilitation costs are esti-
mated for all incident cases. The costs of care for stroke
discharges recorded in HIPE are calculated using two alter-
native methodologies for sensitivity: casemix-based costs
and cost per bed-day. These are top-down methods, allocat-
ing total hospital costs across all hospital discharges on the
basis of casemix units (measure of complexity of the
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diagnostic-related group to which the case is assigned, in-
corporating the length of stay), and on the basis of the
length of stay. A proportion of incident stroke cases are not
captured in HIPE (e.g. those who die before receiving
emergency care and those treated at home or at an emer-
gency department (ED) without being admitted). To
correct for under-counting, the national mean cost per ED
attendance is applied to all incident cases not recorded in
HIPE. An estimated 19% of incident cases discharged
from hospital were referred for in-patient rehabilitation
(non-acute hospital), for an average of 6 weeks, at the cost
equivalent to that of a public nursing home bed per week.

Long-term nursing home care costs are estimated for all
stroke cases residing in nursing homes (i.e. incident cases in
the first year of stroke, and other ‘net prevalent’ cases who
experienced a stroke in previous years), calculated by multi-
plying the unit cost of a nursing home bed per week by the
relevant number of stroke patients (and by the number of
weeks in 1 year). Unit costs are stratified by the type of
nursing home (public/private) and by the functional de-
pendency level of the patient. Unit costs range from €666
(private, low dependency) to €2,141 (public, maximum de-
pendency) per week. Variations in dependency (as measured
by the Barthel index) amongst stroke patients are estimated
using evidence from the INASC where the majority are
assigned to the most severe disability category [5].

Ambulatory care costs are estimated for all incident and
net prevalent stroke cases living at home and in nursing
homes. Each stroke patient is assumed to make one
stroke-related specialist out-patient department (OPD) visit
per year. While this is likely to underestimate the number
of specialist OPD visits in the first year following stroke,
this is balanced to some degree by the number of specialist
OPD visits estimated for subsequent years [14]. The
average cost per OPD attendance in public hospitals was
approximately €160 in 2007. It is estimated that patients
require two stroke-related general practitioner (GP) visits
for every stroke-related OPD visit. The cost of a GP visit
is proxied by the average capitation payment per visit
received by GPs in respect of publicly funded patients
(ranging from €13 to €78 per visit by age group) and by
the average private fee charged per GP visit for private
patients (€50 at GP clinic) [15].

Stroke-related medications include antithrombotic,
lipid-lowering and anti-hypertensive medicines [5]. Data
from the NDPSS and INASC are used to determine the
proportions of stroke patients (both incident and net preva-
lent stroke cases living at home and in nursing homes)
taking selected medications. Analysis focuses on patients
taking the selected medications for the first time since stroke
to increase the likelihood of capturing stroke-specific medica-
tion utilisation. For each stroke-related medication, the most
commonly used medication code/s and the mean monthly
costs are identified from national prescriptions data.

Community rehabilitation costs are estimated for public
health nursing, dietetics, physiotherapy, occupational
therapy and speech and language therapy. The average

number of hours per week provided for stroke care by
community-based rehabilitation staff (estimated from data-
sheets circulated to allied health professionals) is multiplied
by the average weekly salary. These costs are increased by
15% to factor in overhead costs.

Data on stroke patient (incident and net prevalent cases
living at home) utilisation of selected aids, appliances and
home modifications are drawn from the Survey of Health,
Ageing and Retirement in Europe (SHARE; SHARE data
collection in 2004–2007 was primarily funded by the
European Commission through its 5th and 6th framework
programmes (project numbers QLK6-CT-2001-00360;
RII-CT-2006-062193; CIT5-CT-2005-028857). Additional
funding by the US National Institute on Aging (grant
numbers U01 AG09740-13S2; P01AG005842; P01
AG08291; P30 AG12815; Y1-AG-4553-01; OGHA
04-064; R21 AG025169) as well as by various national
sources is gratefully acknowledged (see <http://www.
share-project.org> for a full list of funding institutions))
[16]. Unit costs are obtained from available suppliers and
other Irish sources. Data are collected from relevant volun-
tary agencies on their stroke-related expenditure.

Direct costs for TIA

The cost of acute hospital care for TIA discharges recorded
in HIPE and the cost of stroke-related medications for
TIA patients are calculated in the same way as for stroke.

Indirect costs of stroke

Indirect costs of stroke are estimated using the human
capital method. The work and leisure time lost due to
informal care-giving for stroke patients living at home (inci-
dent and net prevalent) in 2007 is multiplied by the esti-
mated earnings of care-givers (proxied by the median wage
of €16.3 per hour in 2007 [17]) or by the value of leisure
time (proxied by one-third of the median wage in 2007
[18]). Data on principal economic status of informal care-
givers and of the amount of informal care provided to
stroke patients are drawn from national and international
survey data (Census of Population [19], INASC [5],
SHARE [16]) and available studies on informal care-giving
for stroke patients. A range of 9–20 h of informal care per
week gives a lower and upper estimate of informal care for
stroke patients [18, 20, 21].

The work time lost in 2007 due to stroke, for incident
and net prevalent cases living at home and in nursing
homes, is multiplied by the estimated earnings of the
patients (proxied by median wage in 2007 for those giving
up paid work, and by minimum wage of €8.65 per hour in
2007 for those giving up unpaid domestic work). Irish esti-
mates of the proportion of stroke patients giving up paid
work due to ill health following stroke (47% [5] and 65%
[22]) are consistent with international estimates [23, 24].
Low and high estimates are applied in this study to allow
sensitivity analysis. The proportion of stroke patients giving
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up domestic work due to ill health is estimated to be 18%
[22]. For stroke patients not giving up paid/unpaid work
following stroke, the production costs foregone during the
time spent in hospital are estimated. For every day spent in
hospital, it is estimated that two additional days are required
for recovery before return to work [9].

Full details on prevalence data and on the unit costs and
utilisation patterns for the cost items are presented in
Supplementary data available in Age and Ageing online,
Appendices 1 and 2.

Results

Total cost of stroke

Total direct costs of stroke are estimated as €345–€557
million in 2007, at baseline incidence rates (Table 1).
Indirect costs were €143–€248 million in 2007 (at baseline
incidence rates). Total estimated direct and indirect costs
were €489–€805 million in 2007. These are lower bound
estimates as they are based on the low estimates for acute
hospital (using the casemix methodology) and indirect
costs. Nursing home care accounts for more than 44% of
the total costs. Productivity losses from stroke morbidity/
mortality are the next largest category (>20%), followed by
hospital care (>10% including in-patient rehabilitation) and
informal care (>9%).

The majority of total direct stroke expenditure is publicly
funded (79%) with out-of-pocket payments accounting for
19% of the total, and some private health insurance
funding (3%).

Total cost of TIA

The total cost of acute hospital care (€9.9 million) and
medications (€1.1 million) for TIA patients was estimated
to be €11.1 million in 2007 (with hospital costs based on
the casemix methodology).

Sensitivity analysis

Total stroke costs based on the upper estimate of stroke
prevalence are 66% higher than those based on low preva-
lence (at baseline incidence). Shifts in incidence to the
lower and upper boundaries of the 95% confidence interval
around the baseline have <5% impact on the total stroke
costs. Sensitivity to changes in parameters for individual
cost elements is also examined. Changes in parameters for
acute hospital, in-patient rehabilitation and indirect costs
(i.e. cost per bed-day methodology for acute hospital care,
increase in average number of informal care hours from 9
to 20 h per week, increase in percentage of stroke patients
giving up paid work due to ill health from 47 to 65%)
increase the total costs by 22–24%. The full range of total

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Total stroke costs in Ireland, 2007 (€000 and %)

Cost element Low prevalencea High prevalencea

n €000 % % of total n €000 % % of total

Direct costs
Acute hospital careb 7,735 70,798 20.5 14.5 7,735 70,798 12.7 8.8
In-patient rehabilitation 1,573 16,167 4.7 3.3 1,573 16,167 2.9 2.0
Nursing home care 3,477 216,591 62.7 44.3 6,004 414,216 74.3 51.4
GP care 27,306 3,737 1.1 0.8 45,849 6,342 1.1 0.8
OPD care 27,306 4,369 1.3 0.9 45,849 7,336 1.3 0.9
Medications e 9,393 2.7 1.9 e 16,419 2.9 2.0
Community rehabilitation f 6,355 1.8 1.3 f 6,355 1.1 0.8
Aids, appliances, home modifications g 7,872 2.3 1.6 g 9,811 1.8 1.2
Voluntary agency services f 9,945 2.9 2.0 f 9,945 1.8 1.2
Total direct costs 345,227 100.0 70.6 557,387 100.0 69.2

Indirect costs
Informal carec 9,427 44,314 30.9 9.1 15,788 78,524 31.7 9.8
Productivity loss from morbidity and mortalityd h 99,182 69.1 20.3 h 169,303 68.3 21.0
Total indirect costs 143,496 100.0 29.4 247,827 100.0 30.8

Total cost of stroke care 28,330 488,723 100.0 46,873 805,214 100.0
Incident cases− total cost 7,735 174,374 35.7 7,735 174,108 21.6
Net prevalent cases− total cost 20,595 314,349 64.3 39,138 631,106 78.4
Total cost of stroke care 28,330 488,723 100.0 46,873 805,214 100.0

aIncidence at baseline.
bCosts based on the casemix methodology.
cCost based on the low estimate of number of informal care hours.
dCost based on the low estimate of number of patients stopping work due to illness.
eNumber of patients varies by type of medication.
fNumber of patients not available—costs based on aggregate expenditure (i.e. total staff costs for community rehabilitation, total voluntary expenditure on stroke
services).
gNumber of patients varies by aid/appliance/modification.
hNumber of patients giving up work varies by type of work (paid, domestic).
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stroke costs in Ireland in 2007 was €470–€1,008 million
(Table 2).

Table 3 compares the breakdown of total stroke expend-
iture for incident cases in Ireland with studies from
Australia [25], France [11] and Germany [2].

Discussion

International comparisons

The total economic burden of stroke in Ireland in 2007
was estimated to be €489–€805 million in the baseline
scenario. Direct expenditure on stroke accounted for 2–4%
of total health expenditure and 0.2–0.3% of GNP in
Ireland in 2007. This is in line with estimates in other

countries although international comparisons are compli-
cated by variations in methodologies, data sources and the
range of costs included.

There is consistency across countries in the distribution
of stroke costs, as illustrated with the international compari-
son of incidence-based costs. In both Irish and internation-
al studies, the main cost items for stroke include direct
costs for acute hospital care and in-patient rehabilitation,
nursing home care and indirect costs [26]. Nursing home
care and indirect costs account for >70% of total stroke
costs in Ireland, highlighting the chronic phase of stroke
care as the most important factor in total stroke costs.
Nursing home care accounts for a higher proportion of
direct stroke costs in Ireland relative to other studies and
this warrants further analysis. Relatively high levels of

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3. Total incident stroke costs in Ireland, Australia, France and Germany (%)

Irelanda Australia France Germany
% of direct/indirect costs % of direct/indirect costs % of direct/indirect costs % of direct/indirect costs

Direct costs
Acute hospital care 48.3 48.0 46.5 63.4
In-patient rehabilitation 11.0 31.2 26.3 15.4
Nursing home care 30.0 11.5 9.6 2.3
GP care 0.7 0.7

b

3.4
OPD care 0.7 0.8

b

1.2
Medications 0.9 1.9 4.7 9.1
Community rehabilitation 4.3 3.4 11.4 1.5
Aids, appliances, home modifications 4.0 2.4 1.5 3.6
Voluntary agency services – na na na
Total direct costs 100.0 100.0 100.0 100.0

Indirect costs
Informal care 20.1 100.0 na na
Productivity loss from morbidity and mortality 79.9 na na 100.0
Total indirect costs 100.0 100.0 na 100.0

Sources: Australia, France, Germany [2, 11, 25].
na = not available.
aHigh prevalence and incidence at baseline.
bGP and OPD costs included with community rehabilitation costs.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Variation in total stroke costs in Ireland, 2007 (€000)

Cost element Low prevalencea High prevalencea

Incidence at
lower CIb

Incidence at
baselinec

Incidence at
upper CId

Incidence at
lower CI

Incidence at
baseline

Incidence at
upper CI

Low hospital, rehabilitation and indirect estimates
Incident cases− total cost 150,217 174,374 204,092 148,788 174,108 203,081
Net prevalent cases− total cost 355,499 314,349 265,589 674,553 631,106 580,250
Total cost of stroke care 505,717 488,723 469,681 823,341 805,214 783,331

High hospital, rehabilitation and indirect estimates
Incident cases− total cost 187,852 215,739 250,519 186,532 215,732 248,158
Net prevalent cases− total cost 437,209 387,538 327,256 821,780 769,492 711,463
Total cost of stroke care 625,061 603,276 577,775 1,008,312 985,224 959,621

aVariations in incidence costs between the low and high prevalence scenarios are due to rounding issues (e.g. total incidence costs at baseline incidence rates
should be the same under the low and high prevalence scenarios).
bIncidence at lower confidence interval n= 5,290.
cIncidence at baseline n= 7,735.
dIncidence at upper confidence interval n= 11,491.
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disability amongst stroke survivors in Ireland have been
observed in United Kingdom–Ireland comparisons [5].
This may partly reflect the fact that while effective treat-
ments are available to reduce acute stroke morbidity and
mortality (e.g. stroke unit care, thrombolysis and rehabilita-
tion), these services are not universally provided in Ireland
and this may be contributing to a greater need for long-
term care. The national audit of patients receiving acute
care in 2005 found that <2% of stroke cases were treated
in a stroke unit and 1% received thrombolysis [5].

Medications account for a smaller proportion of direct
costs in Ireland relative to other countries. This could be
due to the focus in this study on stroke-related medications
taken for the first time post-stroke, but could also be asso-
ciated with low rates of secondary prevention strategies as
reported in INASC [5].

This study has included expenditure by voluntary agen-
cies on stroke services, estimated to account for 2–3% of
total direct expenditure for prevalent cases. Data on this
area are limited, but these estimates suggest the need for
further analysis of the role of voluntary agencies in the
provision of stroke services.

Data and methodological issues

Caution is required when extrapolating local incidence rates
to wider populations [9, 13], although a number of cost of
stroke studies have adopted this method [9, 27]. The use of
age- and sex-specific stroke incidence rates in this study
adjusts for differences in the demographic structure between
the north Dublin and national populations. Estimated
national stroke incidence is in line with the number of
discharges with a principal diagnosis of stroke recorded in
HIPE, allowing for additional cases that are treated in the
community or in the ED, and secondary diagnoses of
stroke. The study also undertakes sensitivity analysis around
the baseline incidence rates as a further precaution against
under- or overstating incidence-related costs.

Estimating total stroke prevalence in Ireland is also
complicated. The most recent estimate indicates that total
stroke prevalence could be as high as 58,778 [28], suggest-
ing that total stroke costs in Ireland are closer to the higher
end of the range presented in this study.

With TIA, a large number of cases may go undetected
or unreported (e.g. older people attended to by their GP).
By focusing only on TIA cases recorded in the acute
hospital system, the costs of TIA in this paper are therefore
likely to be underestimated. There are currently no esti-
mates of the numbers of TIA patients who are managed in
the community.

Given the range of data sources used in the analysis, it
is important to assess the estimated costs individually. In
particular, data limitations are concentrated in specific areas
of stroke care in Ireland, and most notably in community
rehabilitation. In addition, large gaps in the provision of
multi-disciplinary rehabilitative services for stroke patients

in the community and in long-term care have been high-
lighted by the INASC [5, 29].

For indirect costs, the human capital approach is criti-
cised for overestimating the costs of foregone productivity.
An alternative frictional cost approach focuses on the loss
of productivity experienced during the period of time
required to replace a sick worker [30], but this would
require a large amount of detailed information. By focusing
only on productivity foregone in 1 year, this study avoids
overestimating productivity foregone related to future years
and estimates the frictional period as a maximum of 1 year.

Conclusions

This study provides the first detailed analysis of total direct
and indirect annual stroke and TIA costs using
Irish-specific data. As in other countries, nursing home and
indirect costs account for the largest proportion of total
stroke costs, emphasising the importance of improving out-
comes after acute stroke [31] to improve patients’ quality of
life and to reduce the economic burden of the chronic
phase of the disease. The Irish perspective highlights the
complexity in interpreting the economic burden of disease.
There is a tension between estimating the costs of health
care that exist, and those that should exist. In the Irish
case, there are indications that current nursing home costs
are higher than they might otherwise be if more timely
acute care reduced the level of disability in stroke survivors
and associated need for long-term care. Conversely, given
the deficiencies in nursing home and community rehabilita-
tion services, it is likely that the current expenditure levels
are lower than they should be if adequate levels of rehabili-
tation were made available. These examples emphasise the
need for further analysis to unpick the reasons behind the
estimated cost of a specific disease in order to inform
policy appropriately.

Key points

• Total cost of stroke and TIA in Ireland is estimated to
have been €500–€816 million in 2007.

• The total cost of stroke comprised €345–€557 million in
direct costs and €143–€248 million in indirect costs.

• The chronic phase of the disease (e.g. nursing home care
and indirect costs) accounts for the largest proportion of
the total annual economic burden of stroke.

• The total cost of TIA in Ireland was approximately €11.1
million in 2007.
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