
Vol.:(0123456789)1 3

The European Journal of Health Economics (2019) 20:107–134 
https://doi.org/10.1007/s10198-018-0984-0

ORIGINAL PAPER

Economic burden of stroke: a systematic review on post-stroke care

S. Rajsic1 · H. Gothe1,2 · H. H. Borba1,3 · G. Sroczynski1 · J. Vujicic4 · T. Toell5 · Uwe Siebert1,6,7

Received: 22 September 2017 / Accepted: 3 May 2018 / Published online: 16 June 2018 
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Objectives  Stroke is a leading cause for disability and morbidity associated with increased economic burden due to treatment 
and post-stroke care (PSC). The aim of our study is to provide information on resource consumption for PSC, to identify 
relevant cost drivers, and to discuss potential information gaps.
Methods  A systematic literature review on economic studies reporting PSC-associated data was performed in PubMed/
MEDLINE, Scopus/Elsevier and Cochrane databases, Google Scholar and gray literature ranging from January 2000 to 
August 2016. Results for post-stroke interventions (treatment and care) were systematically extracted and summarized in 
evidence tables reporting study characteristics and economic outcomes. Economic results were converted to 2015 US Dol-
lars, and the total cost of PSC per patient month (PM) was calculated.
Results  We included 42 studies. Overall PSC costs (inpatient/outpatient) were highest in the USA ($4850/PM) and lowest 
in Australia ($752/PM). Studies assessing only outpatient care reported the highest cost in the United Kingdom ($883/PM), 
and the lowest in Malaysia ($192/PM). Fifteen different segments of specific services utilization were described, in which 
rehabilitation and nursing care were identified as the major contributors.
Conclusion  The highest PSC costs were observed in the USA, with rehabilitation services being the main cost driver. Due 
to diversity in reporting, it was not possible to conduct a detailed cost analysis addressing different segments of services. 
Further approaches should benefit from the advantages of administrative and claims data, focusing on inpatient/outpatient 
PSC cost and its predictors, assuring appropriate resource allocation.
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CPI	� Consumer Price Index
CHEERS	� Consolidated Health Economic Evaluation 

Reporting Standards
SRF	� Skilled nursing facilities
IRF	� Inpatient rehabilitation facilities
ESUS	� Extended stroke unit services
OSUS	� Ordinary stroke unit services
PSC	� Post-stroke care
PM	� Patient month
GDP	� Gross domestic product
AUD	� Australian Dollar
CAD	� Canadian Dollar
DM	� Deutsche Mark
SEK	� Swedish Krona
CHF	� Swiss Franc
£	� UK Pound
$, USD	� US Dollar

Introduction

Stroke is one of the leading causes for disability and morbid-
ity in the Western world [1]. According to the World Health 
Organization (WHO), stroke is the second leading cause of 
death after heart disease, accounting for almost seven mil-
lion deaths in 2012 worldwide, which represents 11.1% of 
total deaths [2, 3]. In Europe, more than one million of new 
stroke cases occur each year, and currently six million of 
stroke survivors are estimated to be alive [4]. In 27 European 
Union (EU) countries, the annual costs for stroke treatment 
and care are estimated to be 27 billion euros, with 18.5 bil-
lion accounting for direct medical costs and 8.5 billion for 
indirect costs (e.g., loss of productivity). An additional 
11.1 billion euros are estimated to account for informal care. 
In the USA, a total of $65.5 billion was spent on stroke in 
2008, with 67% for direct and 33% for indirect costs [5]. 
The American Heart Association and The American Stroke 
Association projected for the years 2012 to 2030, that the 
total direct medical cost for stroke will triple and reach up 
to $184.1 billion [6].

Depending on the severity of the stroke and its conse-
quences, patients may need constant care for the remaining 
lifetime. Therefore, the clinical and economic burden of the 
disease contributes to significant public health relevance. 
As reported by the National Stroke Association, 40% of all 
patients acquire moderate to severe impairments and need 
special care, while 10% require constant care in long-term 
care facilities [7]. For the years 2001–2005, the average 
cost for medication and for outpatient stroke rehabilitation 
services in the first year after discharge were $11,145 per 
patient with $7318 spent for rehabilitation services and 
$3376 for medication [3].

Most studies focused on cost of acute care or comparison 
of two or more rehabilitation programs [8–11], but only a 
limited number of studies evaluated costs of post-stroke care 
[12]. Using different types of rehabilitation services or post-
stroke care programs offered in the same setting but with 
different care approaches, the benefits for the patient can be 
maximized while costs are minimized [13–15]. As the cost 
of post-stroke care imposes a considerable economic burden 
on the society, the identification of the major cost drivers 
in published studies supports an informed policy making 
process and promotes gaining knowledge on how to guide 
decisions in the organization of post-stroke care programs. 
Therefore, our systematic literature review aims to fill the 
gap by providing information on the costs of post-stroke 
care, identifying relevant cost drivers and discussing poten-
tial information gaps.

Methods

We conducted a systematic review of partial and full eco-
nomic studies evaluating post-stroke treatment and care. 
The included studies comprised stroke patients who partici-
pated in post-stroke care programs, and the observed out-
come was cost of post-stroke care. As our review primarily 
aims at describing the total cost elicited by post-stroke care, 
we did not cover any potential comparators to the applied 
interventions.

Framework

A systematic literature search was performed in Medline 
(PubMed), Scopus (Elsevier) and Cochrane library databases 
(data range from January 1, 2000 to August 1, 2016), with 
the algorithm presented in Online Resource 1. To ensure 
completeness of the search, we also searched the reference 
lists of included studies for additional relevant citations. 
We considered the need to assess gray literature, including 
searches via Google Scholar, which did not yield any citation 
beyond the traditional search. We did not apply any language 
filters in this search. This study is registered in PROSPERO 
(International prospective register of systematic reviews) 
under number CRD42016043521.

We included studies that were partial or full economic 
evaluations. Partial economic evaluation is defined as cost 
description (reporting only on the cost of a program, without 
a comparator, e.g., cost of illness, burden of illness) and cost 
analysis, as a central feature of all economic evaluations, 
where only the cost of alternatives are evaluated [16]. A full 
economic evaluation is defined as the comparative analysis 
of cost and clinical consequences of program alternatives 
(including cost-effectiveness, cost-minimization, cost-utility 
and cost-benefit analysis) [16]. All studies not reporting the 



109Economic burden of stroke: a systematic review on post-stroke care﻿	

1 3

costs of post-stroke care were excluded. Systematic reviews, 
qualitative studies, dissertations, case reports and conference 
abstracts were not included. Further exclusion criteria were: 
studies exclusively reporting on diseases other than stroke; 
enrolling only patients younger than 18 years; focusing only 
on stroke prevention, on acute stroke or transient ischemic 
attack (TIA) treatment, or reporting only inpatient post-
stroke care costs; studies published in non-Latin languages.

The titles and abstracts screening was performed by two 
independent assessors (SR, HB), according to the predeter-
mined selection criteria. Full-text articles of selected stud-
ies were reviewed and included if they met the inclusion 
eligibility criteria.

Data extraction and synthesis

Two authors (SR, HB) independently extracted relevant data 
regarding the following study criteria: first author, publi-
cation year, country, currency, study design, index year, 
number of patients, stroke type, follow-up period and cost-
ing perspective (“Appendix 1”, Tables 2, 3). Extracted data 
regarding the cost of post-stroke care program were costs 
of medical interventions, physiotherapy, occupational and 
speech therapy, nursing care, primary care visits, readmis-
sions to hospital and emergency care during rehabilitation 
period, as well as medication, community services, transpor-
tation, meals on wheels, assistive devices and other health 
care related costs. Disagreements were resolved by consen-
sus, and when this was not possible, by a third author (HG). 
Costs were extracted only for post-stroke care resource uti-
lization. In case of reports on cost of two or more rehabili-
tation programs, each program was considered separately, 
as specific for the country where the study was performed.

At first instance, cost figures for post-stroke care were 
extracted. If acute care was included, this share of costs was 
subtracted from total costs. The remaining cost share was 
considered as cost of post-stroke care. To standardize results 
of included studies, all costs were transformed to 2015 US 
Dollars using purchasing power parity rates (PPP) [17] and 
the consumer price index (CPI) [18]. For comparison rea-
sons, we calculated and report the cost of post-stroke care 
per patient month (PM), as studies reported on different 
follow-up periods. All calculations were performed by two 
authors independently (SR, HB). An example of cost calcu-
lation is provided in the Online Resource 2.

The mean costs of overall post-stroke care were calcu-
lated as the mean costs of all programs and visualized as 
boxplots. The mean costs of post-stroke care per country 
were calculated for each country independently, weighted 
by the number of patients for the respective country and 
visualized as bar charts (“naïve” analysis).

The Kolmogorov–Smirnov test was performed to check 
for normality of data, and the unpaired t test was used to 

determine if mean cost of post-stroke care differed between 
the short (up to 6 months) and long follow-up period (more 
than 6 months).

Gross domestic product (GDP) per capita for countries 
included in this review was derived from the World Bank 
data [19] in 2015 US dollars, and compared to weighted 
average cost of post-stroke care of each country. Acute 
stroke care supply and practice patterns of stroke care in 
each country were extracted or from the included studies or 
from web sites of state ministries (regarding the availability 
of stroke units) or from the OECD database (regarding the 
number of rehabilitation beds) [20]. Duration of acute care 
(reported in the study as length of stay in stroke unit/acute 
care) was derived directly from the publications included in 
this review. We used the Spearman`s rank correlation coef-
ficient (rho) to calculate correlation. A meta-regression was 
performed based on publications that reported sufficient 
data to investigate heterogeneity and its reasons across the 
studies, using study characteristics (stroke type, costing per-
spective, type of health care funding, data source, presence 
of stroke units, follow-up period, period of data collection, 
detailed cost specification and duration of acute hospitaliza-
tion) and post-stroke care costs. An α level of 0.05 was used 
to determine statistical significance explaining heterogene-
ity. All calculations and statistical analyses were performed 
in the software package STATA (Release 15, 2017. Col-
lege Station, TX: StataCorp LLC) and SPSS (Version 20.0. 
Released 2011, Armonk, NY: IBM Corp.).

Assessment of methodological and reporting 
quality of included publications

The methodological quality of studies was evaluated with 
a checklist for assessing economic evaluations [21], as this 
is the most appropriate approach to ensure good quality for 
economic evaluations.

The Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) checklist [22] was used for evaluat-
ing the quality of reporting. A quality score was generated, 
awarding one point per each item of the checklist if this item 
has been reported, and zero if not, with maximum of 27 
points. Three authors independently (SR, HB, JV) evaluated 
methodological quality of studies and quality of reporting in 
the studies, disagreements were resolved through consensus.

Results

Search results and description of studies

The systematic search yielded 1243 references in Medline 
via PubMed, 1602 in Cochrane databases and 334 in Sco-
pus (Elsevier) database (August 1, 2016). After duplicates 
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removal, a total of 2683 articles were selected for titles 
and abstracts screening. In the first step, 2607 papers were 
excluded: 960 due to publication type, 680 addressed dis-
eases other than stroke, 647 addressed irrelevant interven-
tion, 86 had outcomes other than cost of post-stroke care, 
145 focused on acute stroke treatment, 20 studies were 
published in non-Latin languages and 69 studies evaluated 
a non-relevant population for the present analysis, that is, 
patients under 18 years old, caregivers, etc. Thereby, 76 
publications were selected for full-text screening, of which 
37 were excluded once they reported non-relevant outcome. 
A list of excluded studies, with the reason for exclusion is 
available in the Online Resource 3. Furthermore, three 
studies were selected by manual review of reference lists of 
all included studies. Finally, our systematic assessment of 
studies comprised 42 publications, see Fig. 1, flow chart of 
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) [23].

Published articles reflect the situation from United 
Kingdom (n = 7), Sweden (n = 7), Australia (n = 6), Ger-
many (n = 4), USA (n = 4), Italy (n = 3), France (n = 2), The 
Netherlands (n = 2), Cuba (n = 1), Malaysia (n = 1), Canada 
(n = 1), Denmark (n = 1) Norway (n = 1) and Switzerland 
(n = 1), while one was multi-centric. All mentioned coun-
tries had public health funding, while the Malaysian health 
system is funded through both public and private sources 
[24]. Fifteen of the 42 studies reported cost about post-
stroke care of ischemic and hemorrhagic stroke patients 
together, while five addressed only ischemic and two only 

hemorrhagic. Twenty studies did not provide information on 
type of stroke (Table 1).

The societal perspective was adopted in 17 out of 42 
studies (40%). However, data on indirect costs (productiv-
ity losses related to illness or death as described by Luce 
et al. [25]) were not extracted since they were not part of our 
analysis. The follow-up period varied between 3 months and 
10 years. Most of the included studies applied a follow-up 
period of 12 months (25 of 42 studies), while 12 adopted 
a follow-up of up to 6 months, and five studies reported 
cost on periods up to 10 years (Table 1). We observed a 
statistically significant difference in cost per patient month 
for studies that reported on shorter follow-up periods (up 
to 6 months) compared to longer ones (p = 0.02). Studies 
that provided cost for up to 6 months had higher values of 
cost per patient months than those reporting on 12 or more 
months of follow-up (mean difference of $968).

The costs in the reviewed publications were mostly 
obtained through hospital records, insurance administrative 
data, local or national registers and questionnaires. Detailed 
report on post-stroke care costs were presented in 40 studies, 
in form of inpatient and outpatient rehabilitation (includ-
ing medical interventions, physiotherapy, occupational and 
speech therapy), nursing care (in nursing homes, special-
ized rehabilitation facilities or at home), primary care vis-
its (including general physicians, specialist consultations), 
readmissions to hospital and emergency care during reha-
bilitation period, and other costs as medication, community 
services, transportation, meals on wheels, assistive devices 
and other health care related costs. General rehabilitation 
costs, without specification of type of care provided, were 
observed in two studies.

Quality assessment of studies

Methodological quality of studies was evaluated with the 
Drummond checklist [21], and for applicable criteria 30 
studies had more than 17 score points (50% of all questions), 
including three criteria fulfilled by all and five criteria by 
more than 40 studies. Within this checklist, 83% of studies 
achieved yes scores regarding the study design, 85% regard-
ing the data collection and 69% of yes scores in analysis and 
interpretation of results (Table 5 in Appendix 3 and Online 
Resource 4).

Reporting quality in studies was assessed with the 
CHEERS checklist [22]. All studies provided sufficient 
information on nine items of checklist, while on five items 
information was not available in more than half of included 
studies (Table 6 in Appendix 3 and Online Resource 4).

Medline (PubMed): 1,243
Scopus (Elsevier): 334

Cochrane databases: 1,602

Records screened: 
2,683

Records excluded: 2,607
Not relevant disease: 680

Not relevant interven�on: 647
Not relevant outcome: 86

Acute stroke treatment: 145
Not relevant popula�on: 69

Publica�on type: 960
Languages: 20

Full-text ar�cles assessed 
for eligibility: 76

Excluded on full text due to 
not relevant outcome: 37

Manual review of 
reference lists: 3

Studies included in review: 
42
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Fig. 1   PRISMA flow chart of studies’ identification and selection 
process
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Table 1   Characteristics of the 42 studies included in the systematic review

Study characteristics No. of studies References

Countries
 Australia 6 [30, 52, 62–65]
 France 2 [53, 66]
 Germany 4 [51, 67–69]
 Italy 3 [70–72]
 The Netherlands 2 [33, 73]
 Sweden 7 [27, 43, 49, 50, 74–76]
 UK 7 [13–15, 29, 31, 47, 77]
 USA 4 [26, 28, 32, 34]
 Canada, Cuba, Denmark, Malaysia, Norway and Swit-

zerland (one study from each country)
6 [24, 35, 55, 78–80]

 Multi-centric (122 sites in 22 countries) 1 [54]
Stroke type
 Ischemic stroke 5 [32, 51, 55, 66, 67]
 Hemorrhagic stroke 2 [54, 69]
 Ischemic and hemorrhagic stroke 15 [24, 28–30, 34, 50, 52, 63–65, 68, 71, 72, 74, 75]
 Not reported 20 [13–15, 26, 27, 31, 33, 35, 43, 47, 49, 53, 62, 70, 73, 76–80]

Health care system model
 The Beveridge model 7 UK, Sweden, Australia, Italy, Cuba, Denmark and Norway.
 The Bismarck model 4 Germany, France, The Netherlands and Switzerland.
 The National Health Insurance model 2 USA Medicare and Canada
 The Out-of-Pocket model 1 Malaysia

Costing perspective
 Health care 8 [28, 72, 74–78, 80]
 Societal 17 [15, 27, 29, 30, 33, 43, 50, 52, 53, 62–66, 69, 71, 73]
 Health care and societal 5 [13, 14, 47, 49, 70]
 Insurance 7 [26, 32, 34, 35, 51, 54, 67]
 Not reported 5 [31, 45, 58, 60, 61]

Data source
 Administrative database 9 [29, 43, 44, 48, 52–55, 57]
 Hospital records 13 [21, 25, 31, 34, 38–42, 45, 49, 51, 62]
 Questionnaires 7 [22–24, 35, 36, 46, 47]
 Hospital records and questionnaires 13 [26–28, 30, 32, 33, 37, 50, 56, 58–61]

Presence of stroke units
 Presence of stroke unit reported in study 21 [28, 31–34, 36–41, 44–46, 48, 50, 52, 56–58, 62]
 Stroke unit available in country 19 [21–27, 29, 30, 35, 42, 43, 49, 51, 53–55, 59, 61]
 Stroke unit not available 2 [47, 60]

Follow-up period
 Up to 6 months 12 [13, 14, 24, 26, 31, 33, 54, 62, 71, 79, 80]
 Up to 12 months 25 [15, 27–30, 32, 34, 35, 43, 47, 55, 63–70, 72–76, 78]
 More than 12 months 5 [49–53]

Care setting
 Inpatient and outpatient 31 [13, 26–30, 33, 35, 43, 47, 50–54, 62–68, 70–75, 78–80]
 Outpatient 11 [14, 15, 24, 31, 32, 34, 49, 55, 69, 76, 77]

Data collection
 Before year 2000 19 [29, 33, 43, 47, 53, 55, 62, 64–66, 68, 69, 71, 74–78, 80]
 After year 2000 23 [13–15, 24, 26–28, 30–32, 34, 35, 49–52, 54, 63, 67, 70, 72, 73, 79]

Detailed cost specification
 Detailed cost 40
 General cost only 2 [26, 79]
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Cost of post‑stroke care

We observed overall mean cost of post-stroke care, mean and 
weighted average costs regarding country of care provided 
(combining all studies reporting on respective country), 
length of follow-up period, inpatient/outpatient or outpa-
tient-only reporting, and costing of different segments of 
post-stroke care.

Mean cost per patient month of post-stroke care for all 
programs (n = 60) reported in studies with inpatient and out-
patient care setting was $1515 (SD $1396, median $1192), 
and $820 (SD $657, median $556) for programs (n = 17) 
in studies reporting only on outpatient care setting (Fig. 2).

The most expensive inpatient/outpatient post-stroke 
care was reported in the USA, with mean cost of $4644 per 
patient month, followed by Denmark ($3026), The Nether-
lands ($2214) and Norway ($2147). The lowest costs were 
reported in Italy ($845), followed by the UK ($866) and 
Germany ($871).

For the studies assessing only outpatient care, the high-
est costs were observed in the USA, with a mean of $1236 
per patient month, followed by the UK ($1039). The lowest 
costs were reported in Malaysia ($192 per patient month), 
see Appendix 2, Table 4.

When the costs of post-stroke care were weighted for the 
number of patients of each program reported across the stud-
ies for each country, the USA ($4850) and Denmark ($3022) 
remained on leading positions, followed by Norway ($2147) 

and the Netherlands ($2016). The lowest costs per patient 
month were reported in Australia ($752) and Sweden ($768). 
For the studies that assessed only outpatient care, the highest 
costs were observed in the United Kingdom, with a weighted 
average of $883 per patient month, followed by the USA 
($773). The lowest costs were reported in Malaysia ($192 
per patient month), see Fig. 3 and Appendix 2, Table 4.

In addition, when the annual GDP per capita was taken 
into account, USA had the highest costs of post-stroke care 
per patient year ($58,200) compared to the GDP per cap-
ita ($55,837) and was followed by Denmark and Norway 
(Fig. 4). In Australia, Sweden, Switzerland and UK, costs 
of post-stroke care were only about one quarter of the GDP 
per capita. There was no information available on GDP 
per capita for study from Cuba, as well as for multi-centric 
study considering that this study covers cost data from 22 
countries. For inpatient/outpatient studies, a positive correla-
tion between GDP per capita and cost of post-stroke care is 
observed (ρ = 0.59, p = 0.045).

With regard to the acute stroke care supply and practice 
patterns of stroke care in each country (stroke units, num-
ber of rehabilitation beds available, duration of acute care), 
14 studies did not report on the presence of stroke units 
(although stroke units were available in those countries), 
while in the other 16 studies presence of stroke units is 
reported for both outpatient and inpatient care setting (see 
Table 1). In outpatient-only settings, four studies reported on 
the presence of stroke units, while six studies did not (stroke 

Fig. 2   Mean cost of post-stroke 
care (per patient month) for all 
programs reported in studies 
with inpatient/outpatient and 
outpatient-only care setting
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units were available in those countries). In two publications, 
there were no stroke units in the hospital (one from UK [14] 
and one from Malaysia [24]).

Heterogeneity assessment

No statistically significant correlation was identified in the 
number of rehabilitation beds and cost of post-stroke care for 
the observed countries (ρ = 0.071, p = 0.811). Mean duration 
of acute care was 17.2 (SD 9.7) for inpatient and outpatient 
studies, and 18.6 (SD 14) days for outpatient-only stud-
ies. No statistical significant correlation could be detected 
regarding the duration of acute care and cost of post-stroke 
care (ρ = − 0.029, p = 0.957). For the assessment of hetero-
geneity, part of the studies included in this systematic review 
could be included in the meta-regression analysis. In total, 

six studies in the group of inpatient and outpatient studies 
[13, 26–30], and four studies in the group of outpatient-
only studies [14, 15, 31, 32] have been included in the het-
erogeneity analysis. The remaining studies did not report 
the parameters needed to derive the variance needed for the 
meta-regression. In our (limited) meta-regression, none of 
the assessed characteristics contributed with statistical sig-
nificance to the explanation of the heterogeneity between 
studies.

A detailed analysis of the costs of each service segment 
of post-stroke care was not possible due to heterogene-
ous reporting in studies. In general, rehabilitation services 
(including general rehabilitation, home based, inpatient, 
ward, day clinic, outpatient rehabilitation, nursing homes, 
aged care facilities and special accommodation) were identi-
fied as major contributors to the overall cost of post-stroke 

Fig. 3   Weighted average cost 
of post-stroke care per month 
stratified by country for inpa-
tient/outpatient and outpatient-
only care setting
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care in the majority of studies, in 26 studies on the first 
rank, and in 14 studies on the second rank. Within this cat-
egory, the greatest amount of resources was allocated for 
rehabilitation and nursing care, which was pointed out by 
most of the authors. Rehabilitation service was followed by 
informal care and community services costs (including com-
munity and social services, home assistance and assisted 
living) which were recognized as the most expensive item 
in six studies, and on the second rank by another six stud-
ies. Rehospitalizations and medical interventions, including 
medications, were next segments of care on the cost-ranking 
list, being on the first rank in three studies, and on the second 
rank in eight studies.

Discussion

This systematic assessment of studies included 42 publi-
cations from which we have systematically extracted data 
regarding study characteristics and detailed data on cost of 
post-stroke care adjusted to 2015 US Dollars. We observed 
differences in costs of post-stroke care regarding region of 
care provided, and identified the USA as the country with 
highest cost of post-stroke care per patient month. We have 
recognized rehabilitation services as the main cost driver in 
post-stroke care, and we found significant differences in cost 
regarding reported diverse follow-up periods between stud-
ies. As there was no pattern for resource segments reporting, 
it was not possible to perform a detailed analysis of different 
post-stroke care segments.

Cost of post-stroke care is highly related to the stroke 
severity and length of stay in hospital, resulting with great 
impact on the level and duration of post-stroke care ser-
vices utilization [33, 34]. There are several studies, including 
systematic reviews showing that stroke patients can benefit 
more from early rehabilitation services, which is also more 
cost-effective due to a shorter duration of stay in the hospital 
[8–11, 35].

To our knowledge, this is the first systematic review that 
addresses the cost specifically related to post-stroke care. It 
comprises studies conducted in different health care settings, 
addressing cost of post-stroke care in 14 countries from four 
different continents. Major strength of this research is that 
it provides knowledge about the overall expenses regard-
ing post-stroke care setting, comprising also the different 
segments of services, and the identification of the main 
cost drivers in a global perspective. This review is reported 
according to the recommendations of PRISMA checklist, 
addressing all 27 items [23, 36] (Online Resource 5).

In relation to the current literature regarding the costs of 
the post-stroke management, most of the published studies 
have reported mainly on the total cost of stroke treatment 
or on the cost of acute care only. Demaerschalk et al. [37] 

reported on economic burden of stroke in the USA, includ-
ing 28 articles, with main focus on short- and long-term 
direct costs, indirect and aggregated lifetime costs, limited 
only on the USA and highlighting that this search did not 
identify studies dealing with the cost of rehabilitation care. 
In this study, the most expensive segment of care was acute 
care, followed by next two main resource segments—nurs-
ing home and ambulatory care. In contrast, Ekman [38] and 
Grieve et al. [39] reported about cost of stroke in Europe. In 
the first study, direct costs for acute care followed by costs 
for hospital and home-based rehabilitation were observed as 
major costing items. Likewise, in the second study, outpa-
tient costs were right after hospitalization costs as the most 
expensive item.

This systematic review describes the economic burden 
of stroke, independent of a health care region, with main 
focus on cost of post-stroke care, designating rehabilitation 
and nursing care as the major costing items. Like the other 
authors, we observed that more detailed research is needed 
in this field to fill the gap regarding accessible information 
in published studies. There is a need to form a methodologi-
cally and clinically supported list of segments of services 
that should be taken into account when reporting on cost of 
care. We can confirm the problem recognized by Ekman [38] 
and Brady et al. [8] regarding the comparability of studies 
based on different costs.

The highest mean cost per patient month was reported in 
the USA, which could be due to reports from special reha-
bilitation facilities described by Beeuwkes-Buntin et al. [26], 
where home rehabilitation was accounted for an amount 
of $1589, while the costs of care in inpatient rehabilita-
tion facilities (IRF) and in skilled nursing facilities (SRF) 
summed up to $9379 and $6124 for a patient per month, 
respectively. The reason for this discrepancy could be attrib-
uted to the described type of patients who use this kind of 
special care and factors associated with longer stay in IRF 
and consequential admission to SRF (stroke severity, older 
age, comorbidities, absence of family caregivers, lower cog-
nitive and functional status) [40, 41]. In Europe, higher cost 
of post-stroke care per patient month was observed in Den-
mark ($3022/PM), The Netherlands ($2016/PM) and Nor-
way ($2147/PM) compared to other European countries. The 
finding could be explained by a lack of representative studies 
from northern European countries, or by different resource 
utilization in studies. This should be considered together 
with the fact that the weighted average cost of post-stroke 
care in seven studies from Sweden is estimated to be $768/
PM (minimum of $548 and maximum of $2517), which is in 
favor of the previous argument. As reported in literature, the 
mean hospitalization costs of acute stroke care ranged from 
$8000 up to $23,000 and more [17, 37, 42], being similar to 
the burden in our findings, and—together with post-stroke 
care costs—imposing great economic importance.
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The highest cost of post-stroke care were confirmed when 
compared to GDP per capita and USA was listed in the first 
place, with a weighted annual average of more than $2000 
above GDP per capita. In contrast, the mean annual costs 
of post-stroke care in Australia were only about one-fifth of 
the GDP per capita (Fig. 4). Furthermore, we examined the 
acute stroke care supply and practice patterns of stroke care 
in each country. Two studies compared stroke care in stroke 
units and other hospital wards (Claesson et al. [43] and Kalra 
et al. [29]) and showed that stroke units are more cost-effec-
tive than other hospital wards. In two studies reporting on 
outpatient-only settings, stroke units were not available in 
the institution [14, 24]. The efficacy of stroke units is proven 
in many studies and may lead to lower costs of post-stroke 
care [44–46]. We were not able to confirm this finding in 
our review, which could be due to the very small number of 
studies reporting on institutions where stroke units were not 
existing. The costs of post-stroke care reported for the UK 
by Humphreys et al. [14] are similar to the costs reported by 
other authors from the same country (Patel et al. [15]) where 
stroke units were present.

Regarding the costs from the UK, the study from Kalra 
et  al. [29] reports approximately two times lower post-
stroke care costs than other publications [13, 47] for the 
same country. This difference may be explained by type of 
stroke patients evaluated in this study (only patients with 
mild stroke were included, while patients with severe stroke 
and those with specific neurological features were excluded).

In the available literature, we did not find information 
on cost differences regarding follow-up periods. We have 
observed that studies reporting on shorter follow-up (up to 
six months) exhibited significantly higher cost than those 
reporting on longer follow-up period (p < 0.05). This finding 
could be expected due to lower costs of care needed by the 
patients when they become more independent [48]. Further-
more, five studies [49–53] reported on periods longer than 
1 year, and four of them described lower costs in subsequent 
years. In one study, due to prescription of new drugs which 
were more expensive than those previously used, the costs 
were higher in fourth year of follow-up [49].

Reporting on costs of each specific service utilization seg-
ment was diverse across studies; therefore, detailed analysis 
of each specific service utilization segment was not possible. 
Fifteen segments of specific services were observed in the 
reviewed studies. For example, in the studies from Hayes 
et al. [28] and Beeuwkes-Buntin et al. [26], only total post-
stroke care cost is available, without specifying any costing 
details. On the other side, Bjorkdahl et al. [27] and Chris-
tensen et al. [54] reported on more than ten different cost-
ing segments of post-stroke care in their studies. This vari-
ety could be attributed to the use of a wide specter of data 
sources (administrative databases, insurance claims, hospital 
and care facility records, different kinds of registers, patient 

questionnaires etc.), as well as a different organization of 
health systems from country to country.

Our meta-regression did not identify characteristics 
explaining heterogeneity between studies. However, the 
number of studies providing the necessary evidence for 
inclusion into the meta-regression was limited, and there-
fore, it cannot be ruled out that some of the assessed charac-
teristics do contribute to the observed heterogeneity.

There is a clear need for evaluation of post-stroke care 
programs, which may be offered in the same settings but 
with different care approaches. Considering patient educa-
tion and prevention of complications, this could maximize 
benefits for patients while minimizing cost for society. A 
similar kind of evaluation was observed in four studies rec-
ognized by the present systematic review, in three studies 
[13–15] results (in terms of costs and outcomes) were in 
favor of the intervention, while in one study [31] there was 
no significant difference between the two groups compared. 
In those cases, use of health services was compared in the 
same settings, but with differences in intensity and services 
provided during the follow-up period. This kind of interven-
tion does not require a structural reorganization of the health 
care system and could be easily integrated.

This review has several limitations. Publication and 
retrieval bias may occur while the results of published 
studies may be different from results of the studies that are 
not available through the databases included in our search 
strategy or not published at all. This bias could appear due 
to small sample size in studies or if the focus on cost of 
post-stroke care is considered to be interesting in a very 
limited context (e.g., national interest, health insurance). 
However, we performed comprehensive search strategies 
to minimize the retrieval bias, including manual search of 
the reference lists and searches via Google Scholar. In addi-
tion, to gather the most of available studies and minimize 
potential language bias, no filters regarding languages were 
applied and only studies published in non-Latin languages 
were excluded.

It is important to mention that even if the observed out-
come (cost of post-stroke care) was the same for all publi-
cations, different post-stroke care programs were observed 
across the studies, including different regions, costing per-
spectives, monetary units, sample size, reporting on seg-
ments of services, type of stroke or level of stroke sever-
ity. It was challenging to generalize results reporting from 
diverse countries worldwide and to compare economical 
results, due to monetary difficulties (different units, float-
ing exchange rates, purchasing power etc.). From a total 
number of 42 studies in this review, 40 were reporting from 
countries classified in the category of high income by the 
World Bank [42], while two studies reported on data from 
countries classified in the upper middle income economies 
(Akhavan Hejazi et al. [24] and Alonso-Freyre et al. [55]). 
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With the use of CPI, we were able to adjust costs to unique 
unit system [56], and with PPP we made the costs more 
comparable, reducing price differences among countries [17, 
57]. The lack of data from low, lower middle- and upper 
middle income economies (as defined by the World Bank) 
could lead to the overestimation of the costs in this research 
due to potentially lower cost of care in those categories. 
The way to overcome this limitation would be stimulation 
of further health economic research conceivably resulting in 
more publications from these regions.

Since the number of patients varied across the programs 
in studies, there was a concern that real average cost of post-
stroke care for a single country could be biased. Therefore, 
we considered the sample size and calculated cost of post-
stroke care for each country as mean and as weighted aver-
age for number of patients in each program described in 
studies of respective country. In our review, we could only 
include the data as published in the included studies, as 
the underlying raw data were not available. Nevertheless, 
it could be possible that some segments of costs are less 
thorough reported or differently categorized (e.g., joint in 
groups of the specific segments of post-stroke care) in the 
results of studies that reported costs less detailed. This could 
lead to potential bias in reporting of costs of post-stroke 
care segments within the studies, but not necessarily biasing 
overall costs.

A better picture of health services’ utilization could be 
captured with broader use of secondary data, as these data 
derive from detailed reimbursement databases and could 
be assumed to be nearly 100% complete, as enlightened by 
Swart [58] and Swart et al. [59]. Finally, the results should 
be viewed with some reserve as reviewed studies provide 
information on different health care regions, costing per-
spectives, heterogeneous types of stroke, different numbers 
of patients, and various forms of care delivered in diverse 
follow-up periods.

Conclusion

This review comprises cost of post-stroke care in 14 coun-
tries highlighting diversity between different health care 
regions worldwide. We were able to describe in which 

region the most costly delivery of care prevails, and identi-
fied rehabilitation services as the main contributor to the 
cost of post-stroke care. Due to diversity of reporting in 
studies, it was not possible to conduct a detailed analysis 
addressing different segments of services. Therefore, the 
need of more comprehensive research is evident to close 
this gap. Future research should focus on the association 
between the cost of post-stroke care and the supply of acute 
care, considering the correlation of post-stroke care costs 
with the availability of stroke units or the number of reha-
bilitation beds available. We strongly recommend reporting 
full information on the variance of empirical cost studies to 
allow for the assessment of uncertainty and the inclusion 
of the single study results into larger evidence syntheses 
such as meta-analysis, meta-regression, decision-analytic 
models, and value-of-information analyses [60, 61]. Future 
studies could benefit from the advantages of administrative 
and claims data, focusing on both inpatient and outpatient 
post-stroke care cost and its predictors, to assure appropriate 
resources allocation in the future.
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Appendix 2

See Table 4.

Table 4   Countries oriented mean and weighted average cost of post-stroke care, in USD

All costs are reported per patient month in the first row, and per patient year in the second row
SD standard deviation

Country Inpatient and outpatient Outpatient only

Weighted aver-
age

Mean Median SD Weighted aver-
age

Mean Median SD

Australia 752 886 913 388 – – – –
9024 10,632 10,956 – – – – –

Canada 1444 1453 1453 706 – – – –
17,328 17,436 17,436 – – – – –

Cuba – – – – 616 616 616 –
– – – – 7392 7392 7392 –

Denmark 3022 3026 3026 346 – – – –
36,264 36,312 36,312 – – – – –

France 1125 1044 975 227 – – – –
13,500 12,528 11,700 – – – – –

Germany 996 871 868 514 559 559 559 –
11,952 10,452 10,416 – 6708 6708 6708 –

Italy 833 845 854 163 – – – –
9996 10,140 10,248 – – – – –

Malaysia – – – – 192 192 192 –
– – – – 2304 2304 2304 –

The Netherlands 2016 2214 2332 579 – – – –
24,192 26,568 27,984 – – – – –

Norway 2147 2147 2147 296 – – – –
25,764 25,764 25,764 – – – – –

Sweden 768 1416 1377 691 389 448 428 81
9216 16,992 16,524 – 4668 5376 5136 –

Switzerland 1505 1505 1505 – – – – –
18,060 18,060 18,060 – – – – –

United Kingdom 868 866 952 286 883 1039 745 812
10,416 10,392 11,424 – 10,596 12,468 8940 –

USA 4850 4644 3861 3838 773 1236 1236 694
58,200 55,728 46,332 – 9276 14,832 14,832 –

Multi-centric 2385 1193 1193 136 – – – –
28,620 14,316 14,316 – – – – –
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Appendix 3

See Tables 5 and 6.

Table 5   Assessment of methodological quality of included studies (N = 42) using the Drummond checklist [17]

No. Checklist item Yes No Not applicable

Study design
 1 The research question is stated 41 1
 2 The economic importance of the research question is stated 40 2
 3 The viewpoint(s) of the analysis are clearly stated and justified 29 13
 4 The rationale for choosing alternative programmes or interventions compared is stated 22 0 20
 5 The alternatives being compared are clearly described 20 2 20
 6 The form of economic evaluation used is stated 29 13
 7 The choice of form of economic evaluation is justified in relation to the questions addressed 26 16

Data collection
 8 The source(s) of effectiveness estimates used are stated 41 1
 9 Details of the design and results of effectiveness study are given (if based on a single study) 41 1
 10 Details of the methods of synthesis or meta-analysis of estimates are given (if based on a syn-

thesis of a number of effectiveness studies)
0 0 42

 11 The primary outcome measure(s) for the economic evaluation are clearly stated 42 0 0
 12 Methods to value benefits are stated 23 3 16
 13 Details of the subjects from whom valuations were obtained were given 23 3 16
 14 Productivity changes (if included) are reported separately 5 13 24
 15 The relevance of productivity changes to the study question is discussed 5 13 24
 16 Quantities of resource use are reported separately from their unit costs 33 9 0
 17 Methods for the estimation of quantities and unit costs are described 38 4 0
 18 Currency and price data are recorded 42 0 0
 19 Details of currency of price adjustments for inflation or currency conversion are given 20 22 0
 20 Details of any model used are given 3 0 39
 21 The choice of model used and the key parameters on which it is based are justified 3 0 39

Analysis and interpretation of results
 22 Time horizon of costs and benefits is stated 2 2 38
 23 The discount rate(s) is stated 6 1 35
 24 The choice of discount rate(s) is justified 2 2 38
 25 An explanation is given if costs and benefits are not discounted 2 0 40
 26 Details of statistical tests and confidence intervals are given for stochastic data 33 6 3
 27 The approach to sensitivity analysis is given 14 27 1
 28 The choice of variables for sensitivity analysis is justified 13 28 1
 29 The ranges over which the variables are varied are justified 12 29 1
 30 Relevant alternatives are compared 22 1 19
 31 Incremental analysis is reported 7 31 4
 32 Major outcomes are presented in a disaggregated as well as aggregated form 41 1 0
 33 The answer to the study question is given 41 1 0
 34 Conclusions follow from the data reported 42 0 0
 35 Conclusions are accompanied by the appropriate caveats 37 5 0
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