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Abstract
Introduction: The aim of this study was to estimate societal costs during the first year after stroke by degree of 
functional disability.
Patients and methods: Descriptive study of the cumulative costs incurred during 1-year follow-up of a cohort 
of patients with stroke in Catalonia (Spain) participating in a multicentre, population-based, cluster-randomised trial 
(RACECAT). Patients were recruited between September 2017 and January 2019. Costs were collected for each patient 
from stroke onset to 1-year follow-up through hospital accounting records, electronic healthcare records and structured 
telephone-based interviews at 6 and 12-months follow-up. Disability was assessed using the 90-day modified Rankin 
Scale (mRS). Healthcare, community care, and patient/family costs were included. We used complete data from 567 
eligible participants. Cost data were analysed using generalised linear models (GLMs) with gamma distributions and log 
link functions. For variables with >10% zero values, two-part models were applied. We performed sensitivity analyses 
modifying unit costs for patient/family costs.
Results: Of the 567 patients included, 53% had ischaemic large vessel oclusion (LVO) stroke, 24% intracranial haemorrhage 
and 23% ischaemic non-LVO stroke. Mean cost per patient during the first year after stroke was €29,673 ± 28,632, and 
increased with degree of disability (mRS 0–2: €18,568 ± 12,244; mRS 3: €38,214 ± 28,172; mRS 4–5: €52,859 ± 36,383). 
Healthcare costs represented the highest proportion of total costs (63%; €18,724/patient) across all disability levels, 
with index hospitalisation being the highest (€12,319 ± 17,675); however, community care and patient/family costs 
represented over 40% of total cost in patients with higher disability levels.
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Discussion and conclusion: Our results are in line with other studies; the costs during the first year after stroke are 
high and increase with disability. These results are valuable for calculating the cost of severe stroke cases.
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Initial patients (n=629)

Included stroke patients (n=573; 91% )

Final patients (n=567; 90%)

Excluded
� Loss to follow-up (n=6; 1%)

Excluded
� Stroke mimic (n=42; 7%)
� Transient Ischaemic Attack (n=14; 2%)

Figure 1.  Study flowchart.
LVO: large vessel occlusion.

Introduction

Stroke has a significant impact on a person’s physical, cog-
nitive and functional capacity. Disability due to stroke can 
affect work productivity and result in a need for care and 
support.1 Consequently, there is a substantial economic 
burden on individuals, families, and society as a whole.2

Most studies focus on healthcare costs, but a few take a 
societal perspective emphasising the importance of the bur-
den stroke poses on patient/family costs, especially for 
those patients with high disability, and among younger 
adults due to productivity loss.3,4 In 2017, the cost of stroke 
was estimated at a total of €60bn, of which, €27bn were 
healthcare costs, €5bn were community costs, and €28bn 
were patient/family costs (of these, €16bn were caregiving 
and €12bn were patient productivity loss) in 32 European 
countries.5 In 2016, a Spanish study concluded that the 
mean cost per patient was €27,711 during the first year, of 
which more than two-thirds corresponded to patient/family 
costs (mainly caregiving).6

The modified Rankin Scale (mRS) at 90 days is consid-
ered the main tool to assess functional disability post-
stroke.7 Cost estimates relating to 90-day mRS categories 
may be valuable for healthcare economic evaluations of 
stroke.8,9

The aim of this study was to estimate costs during the 
first year after stroke by the degree of functional disability 
measured by 90-day mRS, from a societal perspective in a 
cohort of patients in Catalonia (Spain).

Methods

Study context and population

We assessed a sub-cohort of patients recruited in the 
RACECAT trial (ClinicalTrials.gov NCT02795962). 
RACECAT was a multicentre, population-based, cluster-
randomised trial involving patients in Catalonia (Spain), 
with suspected large vessel occlusion (LVO) stroke attended 
by emergency medical services (EMS) in areas where the 
closest local stroke centre was not capable of performing 
thrombectomy. Details of the RACECAT trial are reported 
elsewhere.10,11

We included all consecutive patients between September 
2017 and January 2019 (n = 629). We included 567 patients 
after excluding stroke mimics (n = 42), transient ischaemic 
attacks (TIAs; n = 14) and six patients lost to follow-up (i.e. 

patients who did not answer 6- and 12-month follow-up 
questionnaires as they could not be located; Figure 1). Loss 
to follow-up patients did not show significant differences in 
sex, age, mRS at 90 days and diagnosis, compared to 
included patients.

Data collection

We collected data during 12 months from stroke onset. Data 
were obtained from: (1) hospital accounting records; (2) 
electronic healthcare records; and (3) structured telephone-
based interviews with the patient and/or caregiver or close 
relative. Interviews were conducted at 90 days to assess the 
mRS, and at 6 and 12 months after stroke to retrospectively 
collect data on use of community care and patient/family 
resources used since the stroke and up to 1-year. For patients 
who died between follow up periods, interviews were not 
conducted and thus community and patient/family resource 
consumptions during survival within these periods could 
not be assessed. With the exception of the six patients lost 
to follow-up (excluded), the database had no missing 
information.

Variables

Modified Rankin Scale (mRS) at 90 days.  The mRS assesses 
the level of disability in people after stroke.12 Outcome 
assessors assign a score from 0 (no symptoms) to 6 
(death), with each score representing a different level of 
disability or functional impairment. We categorised the 
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mRS at 90 days post-stroke into 4 levels according to clin-
ical criteria13,14: 0–2 (no disability or slight disability), 3 
(moderate disability), 4–5 (severe disability) and 6 (death).

Costs

No discount rate was applied because the cost description15 
had a 1-year follow-up period. All costs are expressed in 
euros (€) for the reference year 2023. Cost classifications 
followed Drummond et al. and ESO Health Economics 
recommendations.9,15

Healthcare costs.  Acute phase included the Emergency 
Medical Service (EMS) and the index hospitalisation. EMS 
costs for transport for the stroke episode were obtained 
from accounting records, which take into account the avail-
ability of resources in each healthcare region, that is, the 
cost of each EMS service is lower [on average] in regions 
were the number of ambulances per capita is higher. Index 
hospitalisation costs were estimated from hospital account-
ing records through a micro-costing approach (detailed in 
Supplemental Material 1), including admission days to the 
emergency ward, general ward, stroke unit or intensive care 
unit, hospital medication and procedures. Costs were 
updated to 2023 using the Spanish Health-specific Con-
sumer Price Index (CPI).16

The follow-up phase captured the use of healthcare 
resources from hospital discharge to 12 months, including 
new hospitalisations (acute and intermediate care), outpa-
tient rehabilitation, mental healthcare, minor outpatient sur-
gery and other medical services. Data were obtained from 
the Catalan Health Surveillance System, an electronic 
health record system that tracks public health service utili-
sation and costs, weighted by Adjusted Morbidity Groups 
(AMG).17 Since these data were provided in aggregated 
form, it was not possible to directly separate stroke-related 
and unrelated healthcare costs. To address this and mini-
mise any potential inflation, a percentage was attributed to 
each cost category based on a previous study,18 and these 
percentages were validated through consensus with clinical 
experts (Supplemental Table 1). Costs were calculated for 
the reference year 2023.

Nursing home use was assessed via telephone inter-
views, with costs derived from the published 2023 tariffs of 
the Catalan Government.19

Community care costs.  Use and costs of General Practitioner 
clinics, community medication and outpatient consultations 
were obtained from the Catalan Health Surveillance Sys-
tem17 for 2023. These costs included both stroke-related 
and unrelated costs, to which we applied the same percent-
age allocation approach to avoid cost inflation, as done for 
all costs derived from the Catalan Health Surveillance 
System.

Use of telecare, home-care (public, private and home 
resident caregiver) and home modifications or adaptations 
were obtained from interviews. Telecare and public home 
healthcare costs were obtained from the published Catalan 
tariffs for the year 2023.20 The unit cost for private home 
healthcare and home resident caregivers was the minimum 
wage in Spain for caregivers for the year 2023.21 Home 
modifications and adaptation costs were obtained from 
standard quotes for 2018 of the Centre for Personal 
Autonomy (Centre de Vida Independent), a return-home 
pilot programme in Catalonia that included the costs for the 
adaptations and home modifications.22 Home modifications 
and adaptations are one-off costs that can benefit the patient 
for many years. Therefore, considering that our sample had 
an average age of 74 years, and survival data after stroke 
suggest 5–10 years as a critical survival period,23 as well as 
the additional years of staying at home before requiring 
institutional care in older adults with some degree of physi-
cal disability is estimated to be 5–10 years,24 a functional 
lifespan of 10 years was estimated for these modifications. 
The total cost was then divided by this period to obtain the 
annual cost. These costs were updated to 2023 using the 
Spanish CPI.25

Patient and family costs.  Patient and family costs included 
paid and unpaid patient productivity loss, paid and unpaid 
caregiver productivity loss and additional caregiving hours 
not considered productivity loss by the caregiver. These 
were collected retrospectively at 6 and 12 months, and we 
used the human capital approach to calculate productivity 
losses.6,26

Patients’ paid productivity loss was counted as the num-
ber of hours they reduced work or stopped working due to 
stroke. The patients’ unpaid productivity loss was counted 
as the number of hours the patient stopped performing other 
unpaid activities due to stroke, such as caring for children 
or grandchildren, doing household chores, shopping, tend-
ing to a garden or orchard, caring for another person, volun-
teering or, if unemployed, looking for a job, participating in 
continuing education courses or engaging in employment 
programmes. Patients’ productivity losses were set to a 
maximum of 8 h per day for 238 annual working days 
(5 days/week, minus 22 annual paid vacation days) up to 
1904 h/year. Additionally, for patients who died during the 
study period at an age below the mean life expectancy of 
Spain in 2023 (men: 80.3 years; women: 85.8 years),27 pro-
ductivity losses were calculated depending on the age of the 
patient. For them, we considered productivity losses as paid 
hours for those patients who were of working age (<65) 
and unpaid hours for those who were retired (⩾65). In both 
cases, we used the mean working hours annually from the 
OECD for Spain in 2023,28 adjusted for the number of days 
the patient was no longer alive during the study period.

The caregivers’ loss of paid and unpaid productivity was 
collected following the same procedure. Caregiving hours 
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Table 1.  Unit costs.

Cost category Unit cost (€) in 2023 Source

Healthcare costs  
Acute phase  
  Emergency Medical Services (includes transport) Accounting recordsc EMS accounting records
  Hospitalisation Accounting recordsc Hospital accounting records (see 

Supplemental Material 1)
Follow-up phase  
  Hospitalisation (per episode) €1828.27 to €36,160.08 Catalan Health Surveillance System (CHSS) 

accounting records17

  Intermediate care centrea (per day) €247.77 CHSS accounting records17

  Emergency service (per consultation) €125.99 CHSS accounting records17

 � Outpatient consulting/minor outpatient surgery  
(per consultation)

€ 237.74 CHSS accounting records17

  Outpatient rehabilitation (per consultation) €17.31€ to €1271.43 CHSS accounting records17

  Mental healthcare (per consultation) €69.18 CHSS accounting records17

  Other Medical servicesb (per use) €0.15 to €118,641.34 CHSS accounting records17

  Nursing home (per day) €65.84 Portal Jurídic de Catalunya19

Community care costs  
Primary care centre (per consultation) €55.02 to €88.04 CHSS accounting records17

Community medication Public price of each product CHSS accounting records17

External consultation (per consultation) €68.07 CHSS accounting records17

Public home healthcare (per hour) €18.00 Diputació de Barcelona20

Private home healthcare (per hour) €8.45 Ministerio de Trabajo y Economía Social21

Private home resident caregiver (per hour) €8.45 Ministerio de Trabajo y Economía Social21

Telecare (annual service, price per month) €14.04 Diputació de Barcelona20

Home modifications Centre for Independent Living22

Small (e.g. shower bars or chair) €990.68  
Moderate (e.g. shower bars plus handrails or ramps) €1613.42  
Major (e.g. crane installation) €4128.65  
Home adaptation Centre for Independent Living22

Shower/bath replacement €3182.42  
Full bathroom renovation and/or other rooms €4821.39  
Patient/family costs  
Informal care hours (per hour) €18.00 Diputació de Barcelona20

Informal caregiver productivity loss  
  Lost paid hours (per hour)  
    Mean gross salary (men) €10.52 Instituto Nacional de Estadística29

    Mean gross salary (women) €8.72 Instituto Nacional de Estadística29

  Lost unpaid hours (per hour) €4.50 Ministerio de Trabajo y Economía Social21

Patient productivity loss  
  Lost paid hours (per hour)  
    Mean gross salary (men) €10.52 Instituto Nacional de Estadística29

    Mean gross salary (women) €8.72 Instituto Nacional de Estadística29

  Lost unpaid hours (per hour) €4.50 Ministerio de Trabajo y Economía Social21

aIntermediate care centres include the so-called long-stay socio-health centres, social and healthcare centres, mid-stay and convalescence, Functional 
Interdisciplinary Socio-Sanitary Units (UFISS), home support equipment (PADES) and day hospital.
bOther medical services: individual non-urgent healthcare transport service, home respiratory therapy, dialysis and other mental health services. The 
lowest price is a home respiratory oxygen cylinder and the highest is a heart transplant.
cDifferent values were calculated through the analytical accounting system.

were collected as the number of hours per day spent caring 
for the patient post-stroke. Based on previous recommen-
dations we set a maximum possible of 16 h a day,1 however 
the actual reported range was 0–11.2 h/day. To avoid double 

counting, paid and unpaid productivity loss hours were 
subtracted from total reported caregiving hours, as there 
were hours the person spent caring but not considered lost 
productivity. Therefore, the variable of caregiving hours 
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refers to additional hours dedicated to care, but not consid-
ered as lost productivity by the caregiver.

For lost paid hours in both patients and caregivers, the 
unit cost was the mean gross salary in Spain for the year 
2022 by sex,29 updated to 2023 with the Spanish CPI,25 for 
unpaid lost hours we used the minimum gross wage21 and 
for caregiving hours variable we used the public home-care 
workers tariff as unit cost.20 Table 1 shows unit costs used 
in this study.

Minor out-of-pocket expenses (e.g. hospital parking 
fees, fuel costs for hospital visits) were not included due to 
the risk of recall bias, as this information was gathered ret-
rospectively during the 6- and 12-month follow-up inter-
views, covering the preceding 6 months in each interview 
and to avoid overburdening patients with an already lengthy 
questionnaire.

Statistical analysis
Baseline characteristics were described and compared by 
mRS using the chi-square test for categorical variables 
and ANOVA for continuous variables. To analyse resource 
utilisation, generalised linear models (GLMs) were 
applied. Continuous variables were modelled using a 
GLM with a gamma distribution and log link function, 
while categorical variables were analysed with a general-
ised logistic model using a binomial distribution and logit 
link. Cost data were also modelled using a GLM with a 
gamma distribution and log link. For both resource utilisa-
tion and cost variables with more than 10% zero values, 
two-part models with a gamma distribution and log link 
were employed, except for discrete variables such as tel-
ecare and nursing home utilisation, which were modelled 
using a Poisson distribution with a log link. Model fit was 
assessed using the Akaike and Bayesian Information 
Criterion (AIC and BIC).

Because there remains no consensus regarding the best 
calculation method for patient/family costs,1 we performed 
three sensitivity analyses to address the potential variability 
in our assumptions: we estimated the total cost (1) consid-
ering the mean salary by sex in Spain; (2) the minimum 
wage in Spain; and (3) the private home healthcare mini-
mum wage; as unit costs for informal care hours (not pro-
ductivity losses).

All analyses were performed using Stata Statistical 
Software, version 17 (Stata Corp LLC, College Station, 
TX, USA).

Results

We included 567 patients in the study. The mean age was 
74 years, with 59% being male. Among the patients, 53% 
had ischaemic LVO stroke, followed by 24% with intracra-
nial haemorrhage and 23% with ischaemic non-LVO stroke 
(Table 2).

Total costs per patient are described in Table 3. All costs 
increased with mRS score, with healthcare costs being 
higher than community and patient/family costs across all 
mRS groups (Figure 2).

Costs by diagnosis, use of resources and costs by mRS 
categories are shown in Supplemental Tables 2–4. In all 
sensitivity scenarios (Supplemental Table 5), estimated 
costs were similar.

Discussion

Our results demonstrate a strong relationship between func-
tional disability measured with mRS and costs after acute 
stroke, in line with previous literature.7,30,31 Each mRS cat-
egory was associated with a different average length of hos-
pital stay in the acute phase of stroke recovery,31 and with 
different rehabilitation needs and nursing home care in the 
chronic phase,30 increasing as mRS increased.

Studies examining stroke costs often focus on ischaemic 
stroke.1,18,32 In contrast, our study provides a comprehen-
sive analysis encompassing various stroke subtypes, includ-
ing LVO ischaemic stroke (53%), non-LVO ischaemic 
stroke (23%), and haemorrhagic stroke (24%). Compared 
to the recent Spanish study by Lucas-Noll et al.,33 which 
reported a mean cost of €22,605.66, our study found higher 
overall mean costs. This discrepancy is likely attributable 
to our cohort’s composition, characterised by a high pro-
portion of severe LVO strokes, in contrast to their inclusion 
of TIAs, which generally incur lower costs.33

Although 60% of costs across all mRS categories were 
healthcare costs, the highest proportion being index hospi-
talisation (M = €12,319),18 patient/family costs represented 
a considerable burden, ranging from €4394 to €17,552, 
including caregiving (from €755 to 12,392€)1,6 and produc-
tivity losses. Patients’ mean paid productivity loss was 
€2388, being higher for mRS 0–2 (M = €3,316/patient), 
probably because there were more active workers pre-
stroke in this group with lower mean age.

Limitations
Our sample represented a more severe illness profile com-
pared to the general population, which limits the generalis-
ability of overall results. Data obtained from the Catalan 
Health Surveillance System were provided in aggregated 
form, thus it was not possible to directly separate stroke-
related and unrelated costs. To address this, we attributed a 
percentage of each cost category to stroke based on previ-
ous studies18 and expert consensus. Estimations of produc-
tivity losses for deceased patients were limited due to 
missing follow-up questionnaire data, therefore assump-
tions were made based on age and life expectancy. Minor 
family/patient out-of-pocket expenses were not included 
due to the potential recall bias and the length of the ques-
tionnaire, which could slightly underestimate the costs. 



6	 European Stroke Journal 00(0)

Table 2.  Baseline characteristics of patients and caregivers by 90 days mRS and overall.

Characteristics 90-days mRS

Overall (n = 567) 0–2 (n = 159) 3 (n = 92) 4–5 (n = 154) Death (n = 162) p-Valueb

n % n % n % n % n %  

Days from stroke to death  
(m, SD)

45.03 5.33 285 -c 262.25 41.28 170.79 12.60 15.72 1.63 <0.001

Age (m, SD) 74.08 0.53 68.67 0.92 73.23 1.32 74.20 1.08 79.79 0.80 <0.001
Sex <0.001
  Male 332 58.55 109 68.55 57 61.96 74 48.05 92 56.79  
  Female 235 41.45 50 31.45 35 38.04 80 51.95 70 43.21  
Diagnosis <0.001
  Intracranial haemorrhage 135 23.81 17 10.69 15 16.30 48 31.17 55 33.95  
  Ischaemic LVO stroke 299 52.73 91 57.23 51 55.43 80 51.95 77 47.53  
  Ischaemic non-LVO stroke 133 23.46 51 32.08 26 28.26 26 16.88 30 18.52  
Medical history  
  Hypertension 420 74.07 106 66.67 67 72.83 119 77.27 128 79.01 0.058
  Dyslipidaemia 279 49.21 71 44.65 50 54.35 78 50.65 80 49.38 0.490
  Diabetes 149 26.28 32 20.13 31 33.70 40 25.97 46 28.40 0.107
  Coronary heart disease 73 12.87 22 13.84 12 13.04 17 11.04 22 13.58 0.881
  Heart failure 56 9.88 12 7.55 6 6.52 15 9.74 23 14.20 0.137
  Peripheral vasculopathy 25 4.41 4 2.52 4 4.35 5 3.25 12 7.41 0.151
  Ischaemic stroke/TIA 82 14.46 21 13.21 16 17.39 24 15.58 21 12.96 0.731
  Atrial fibrillation 165 29.10 44 27.67 23 25.00 40 25.97 58 35.80 0.160
 � Pre-stroke anticoagulation 

treatment
116 20.46 28 17.61 20 21.74 29 18.83 39 24.07 0.487

  Smoking 80 14.11 30 18.87 16 17.39 20 12.99 14 8.64 0.047
Level of studiesa  
  No studies 49 8.64 15 9.43 11 12.09 23 15.13 0 0.00 <0.001
  Incomplete primary 43 7.58 13 8.18 13 14.29 17 11.18 0 0.00  
 � Complete primary  

(up to 14 years)
148 26.10 62 38.99 36 39.56 50 32.89 0 0.00  

  Secondary (up to 18 years) 70 12.35 30 18.87 17 18.68 23 15.13 0 0.00  
  University or above 61 10.76 35 22.01 9 9.89 17 11.18 0 0.00  
  Not Reported 196 34.57 4 2.52 6 6.52 24 15.58 162 100.00  
Pre-stroke Labour situationa  
  Working (paid job) 82 14.46 44 27.67 15 16.48 23 15.13 0 0.00 <0.001
 � Unpaid job (e.g. working age 

homemakers)
4 0.71 1 0.63 2 2.20 1 0.66 0 0.00  

  Unemployed 10 1.76 4 2.52 3 3.30 3 1.97 0 0.00  
  Retired 272 47.97 103 64.78 63 69.23 106 69.74 0 0.00  
  Sick leave 6 1.06 2 1.26 2 2.20 2 1.32 0 0.00  
  Not Reported 193 34.04 5 3.14 6 6.59 17 11.18 162 100.00  
Caregiver pre-stroke labour 
situationa

<0.001

  Not working 277 48.85 152 95.60 44 47.83 81 52.60 0 0.00  
 � Unemployed, seeking a  

full-time job
61 10.76 3 1.89 26 28.26 32 20.78 0 0.00  

 � Unemployed, seeking a  
part-time job

2 0.35 0 0.00 0 0.00 2 1.30 0 0.00  

  Working (paid job) 62 10.93 4 2.52 21 22.83 37 24.03 0 0.00  
  Not reported 165 29.10 0 0.00 1 1.09 2 1.30 162 100.00  
Caregiver after-stroke labour 
situationa

 

  Still working 36 6.35 1 0.63 17 18.48 18 11.69 0 0.00 <0.001
  Stopped working 13 2.29 2 1.26 2 2.17 9 5.84 0 0.00  
  Left partially 12 2.12 1 0.63 2 2.17 9 5.84 0 0.00  
  Not Reported/Not applicable 506 89.24 155 97.48 71 77.17 118 76.62 162 100.00  

LVO: large vessel occlusion; TIA: transient ischaemic attack.
aVariable collected at 6-month follow-up.
bChi square test was used for categorical variables, and ANOVA for continuous variables.
cThe standard deviation was not calculated as there was only one observation in this category.
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Moreover, as loss of leisure time of patients or caregivers 
was not directly collected, those costs could be underesti-
mated. Finally, as some data were self-reported by patients, 
recall and/or comprehension bias cannot be excluded (e.g. 
unpaid productivity loss could be underestimated, since it 
can be difficult for caregivers to report this).

Implications for practice and research

Calculating stroke costs by incorporating healthcare, com-
munity and patient/family expenses enhances disease cost 
estimation, and facilitates the formulation of targeted meas-
ures and policies. These data indicate the need for health-
care and social policies aimed at caregiver support. Data on 
stroke costs also aids in refining future economic modelling 
frameworks, such as Markov or microsimulation models, 
thus facilitating more precise long-term economic forecast-
ing and evaluation of intervention cost-effectiveness.

Conclusion

Our findings underscore the established association 
between functional disability and increased costs, with our 
sample exhibiting an overrepresentation of LVO strokes. 
Nonetheless, by quantifying the economic impact of severe 
strokes and taking into account healthcare, community, and 
patient/family expenses, we provide policymakers and 
healthcare providers valuable insights to improve resource 

allocation and service delivery. Moreover, investing in the 
acute treatment of patients with suspected LVO not only 
improves clinical outcomes but also reduces overall soci-
etal costs in the longer term.

Abbreviations

Modified Rankin scale (mRS), Large Vessel Occlusion (LVO), 
Transient Ischaemic Attack (TIA), Emergency Medical Services 
(EMS), Generalised Linear Model (GLM).

Acknowledgements

We acknowledge Laura del Carpio, the Centre de Vida Independent 
(Sandra Millet, Lluisa Pla), EMS (Francesc Xavier Jiménez), 
University Hospital Vall d’Hebron (Carme Díaz, Mar Vila), 
Arnau de Vilanova University Hospital (M Antònia Torres, 
Francisco Mercader) and all the investigators and participants of 
the RACECAT trial.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
Fundació Marató de TV3 (ref.19/U/2017). IAL had a Miguel 
Servet research contract (CP22/00029).

70%; 13009

58%; 21989

62%; 32636

68%; 9252

6%;  1127

8%;  2933

5%;  2671

0%; 35

24%; 4432

35%;  13292

33%;  17552

32%;  4394

0

10000

20000

30000

40000

50000

60000

0-2 (n=159) 3 (n=92) 4-5 (n=154) Death (n=162)

Healthcare costs Community care costs Pa�ent/family costs

Co
st

s (
€,

 2
02

3)

mRS 90 days

Figure 2.  Mean costs per patient by type of resource and 90-day mRS group.
Overall: healthcare €18,724 (63%); community care €1527 (5%); patient/family costs €9422 (32%).



10	 European Stroke Journal 00(0)

Ethical approval

Ethical approval for this study was obtained from the Ethical 
Committee for Clinical Research with Medications of the Vall 
d’Hebron University Hospital (PR(AG)229/2017).

Informed consent

Written informed consent was obtained from all patients or sur-
rogates before the study.

Guarantor

AR

Contributorship

MSF wrote the first draft of the manuscript. AR, MSP, LVG, 
ASB, NP, MR and SA were involved in the study conception. AR 
obtained fuding. MSF, ARS, IAL, ASV, JS, EV were involved in 
the data analysis. All authors reviewed and edited the manuscript 
and approved the final version of the manuscript.

Data availability

The datasets used during the current study are available from the 
corresponding author on reasonable request.

Trial registration

RACECAT trial was registered at ClinicalTrials.gob: 
NCT02795962.

ORCID iDs

Mercè Soler-Font  https://orcid.org/0000-0002-5224-9030

Aida Ribera  https://orcid.org/0000-0002-2604-6328 
Alba Sánchez-Viñas  https://orcid.org/0000-0001-5020-7534

John Slof  https://orcid.org/0000-0002-0576-8161

Lorena Villa-García  https://orcid.org/0000-0003-0828-2260
Sònia Abilleira  https://orcid.org/0000-0002-5587-128X

Supplemental material

Supplemental material for this article is available online.

References

	 1.	 Barral M, Rabier H, Termoz A, et al. Patients' productivity 
losses and informal care costs related to ischemic stroke: a 
French population-based study. Eur J Neurol 2021; 28: 548–
557.

	 2.	 Wagachchige Muthucumarana M, Samarasinghe K and 
Elgán C. Caring for stroke survivors: experiences of fam-
ily caregivers in Sri Lanka - a qualitative study. Top Stroke 
Rehabil 2018; 25: 397–402.

	 3.	 Lekander I, Willers C, von Euler M, et al. Relationship 
between functional disability and costs one and two years 
post stroke. PLoS One 2017; 12: e0174861.

	 4.	 Jennum P, Iversen HK, Ibsen R, et al. Cost of stroke: a con-
trolled national study evaluating societal effects on patients 
and their partners. BMC Health Serv Res 2015; 15: 466.

	 5.	 Luengo-Fernandez R, Violato M, Candio P, et al. Economic 
burden of stroke across Europe: a population-based cost 
analysis. Eur Stroke J 2020; 5: 17–25.

	 6.	 Alvarez-Sabín J, Quintana M, Masjuan J, et al. Economic 
impact of patients admitted to stroke units in Spain. Eur J 
Health Econ 2017; 18: 449–458.

	 7.	 Kim SE, Lee H, Kim JY, et al. Three-month modified 
Rankin Scale as a determinant of 5-year cumulative costs 
after ischemic stroke: an analysis of 11,136 patients in Korea. 
Neurology 2021; 96: 136–137.

	 8.	 Wilson A, Bath PM, Berge E, et al. Understanding the rela-
tionship between costs and the modified Rankin Scale: a 
systematic review, multidisciplinary consensus and recom-
mendations for future studies. Eur Stroke J 2017; 2: 3–12.

	 9.	 Cadilhac DA, Kim J, Wilson A, et al. Improving eco-
nomic evaluations in stroke: a report from the ESO Health 
Economics Working Group. Eur Stroke J 2020; 5: 184–192.

	10.	 Pérez de la Ossa N, Abilleira S, Jovin TG, et al. Effect of 
direct transportation to thrombectomy-capable center vs 
local stroke center on neurological outcomes in patients with 
suspected large-vessel occlusion stroke in nonurban areas: 
the RACECAT randomized clinical trial. JAMA 2022; 327: 
1782–1794.

	11.	 Abilleira S, Pérez de la Ossa N, Jiménez X, et al. Transfer to 
the local stroke center versus direct transfer to endovascular 
center of acute stroke patients with suspected large vessel 
occlusion in the Catalan Territory (RACECAT): study proto-
col of a cluster randomized within a cohort trial. Int J Stroke 
2019; 14: 734–744.

	12.	 Banks JL and Marotta CA. Outcomes validity and reliability 
of the modified Rankin scale: implications for stroke clini-
cal trials: a literature review and synthesis. Stroke 2007; 38: 
1091–1096.

	13.	 Fattore G, Torbica A, Susi A, et al. The social and economic 
burden of stroke survivors in Italy: a prospective, incidence-
based, multi-centre cost of illness study. BMC Neurol 2012; 
12: 137.

	14.	 Luengo-Fernandez R, Yiin GS, Gray AM, et al. Population-
based study of acute- and long-term care costs after stroke in 
patients with AF. Int J Stroke 2013; 8: 308–314.

	15.	 Drummond M, Sculpher M, Claxton K, et al. (eds). Methods 
for the economic evaluation of health care programmes. 4th 
ed. Oxford: Oxford Press, 2015.

	16.	 ECONOS database. [Internet], https://econos.org/ (2023, 
accessed 7 May 2024).

	17.	 Vela E, Tényi Cano I, et al. Population-based analysis 
of patients with COPD in Catalonia: a cohort study with 
implications for clinical management. BMJ Open 2018; 8: 
e017283.

	18.	 Ribera A, Vela E, García-Altés A, et al. Trends in health-
care resource use and expenditure before and after ischae-
mic stroke. A population-based study. Neurologia 2022; 37: 
21–30.

	19.	 Portal Jurídic de Catalunya. Decree 142/2021, of June 15, 
approving the Strategic Plan for Social Services 2021-
2024 [Internet]. Barcelona: Generalitat de Catalunya, 
h t tps : / /por ta l jur idic .gencat .cat /ca/document-del-
pjur/?documentId=944332 (2021, accessed 26 September 
2024).

https://orcid.org/0000-0002-5224-9030
https://orcid.org/0000-0002-2604-6328
https://orcid.org/0000-0001-5020-7534
https://orcid.org/0000-0002-0576-8161
https://orcid.org/0000-0003-0828-2260
https://orcid.org/0000-0002-5587-128X
https://econos.org/
https://portaljuridic.gencat.cat/ca/document-del-pjur/?documentId=944332
https://portaljuridic.gencat.cat/ca/document-del-pjur/?documentId=944332


Soler-Font et al.	 11

	20.	 Diputació de Barcelona. EC Report 2021: home care, SLT, 
Public price [Internet]. Barcelona: Diputació de Barcelona, 
https://www.diba.cat/documents/130988625/348966489/
MEM%C3%92RIA+EC+2021_a tenc i%C3%B3_
domicili%C3%A0ria_SLT_Preu+p%C3%BAblic_.pdf/
ce0e0192-83c8-0bda-5c07-d910b75e13fc?t=1633342603512 
(2021, accessed 26 September 2024).

	21.	 Ministerio de Trabajo y Economía Social. Royal Decree 
99/2023, of February 14, establishing the minimum wage 
for 2023, https://www.boe.es/buscar/doc.php?id=BOE-
A-2023-3982

	22.	 Centre for Independent Living [Internet], https://cvi-bcn.org/ 
(2023, accessed 7 May 2024).

	23.	 Romain G, Mariet AS, Jooste V, et al. Long-term rela-
tive survival after stroke: the Dijon Stroke Registry. 
Neuroepidemiology 2020; 54: 498–505.

	24.	 American Association of Retired Persons [AARP]. Fixing to 
stay: a national survey on housing and home modification 
issues. Washington, DC: AARP, 2000.

	25.	 Instituto Nacional de Estadística. Consumer Price Index (CPI) 
[Internet],  https://www.ine.es/consul/serie.do?d=true&s= 
IPC251855 (2024, accessed 26 September 2024).

	26.	 Marques N, Gerlier L, Ramos M, et al. Patient and car-
egiver productivity loss and indirect costs associated with 

cardiovascular events in Portugal. Rev Port Cardiol (Engl 
Ed) 2021; 40: 109–115.

	27.	 Instituto Nacional de Estadística. Life expectancy at different 
ages [Internet], https://www.ine.es/uc/EGAEXdPN (2023, 
accessed 22 April 2024).

	28.	 OECD, Hours worked (indicator). [Internet], https://data.
oecd.org/emp/hours-worked.htm (2024, accessed 7 May 
2024).

	29.	 Instituto Nacional de Estadística. Salaries, income, social 
cohesion [Internet], https://www.ine.es/jaxiT3/Tabla.htm? 
t=10882 (2022, accessed 26 September 2024).

	30.	 Dawson J, Lees JS, Chang TP, et al. Association between 
disability measures and healthcare costs after initial treat-
ment for acute stroke. Stroke 2007; 38: 1893–1898.

	31.	 Dewilde S, Annemans L, Peeters A, et al. Modified Rankin 
scale as a determinant of direct medical costs after stroke. Int 
J Stroke 2017; 12: 392–400.

	32.	 Strilciuc S, Alecsandra Grad D, Radu C, et al. The economic 
burden of stroke: a systematic review of cost of illness stud-
ies. J Med Life 2021; 14: 606–619.

	33.	 Lucas-Noll J, Clua-Espuny JL, Carles-Lavila M, et al. Sex 
disparities in the direct cost and management of stroke: a 
population-based retrospective study. Healthcare 2024; 12: 
1369.

https://www.diba.cat/documents/130988625/348966489/MEM%C3%92RIA
https://www.diba.cat/documents/130988625/348966489/MEM%C3%92RIA
https://www.boe.es/buscar/doc.php?id=BOE-A-2023-3982
https://www.boe.es/buscar/doc.php?id=BOE-A-2023-3982
https://cvi-bcn.org/
https://www.ine.es/consul/serie.do?d=true&s=IPC251855
https://www.ine.es/consul/serie.do?d=true&s=IPC251855
https://www.ine.es/uc/EGAEXdPN
https://data.oecd.org/emp/hours-worked.htm
https://data.oecd.org/emp/hours-worked.htm
https://www.ine.es/jaxiT3/Tabla.htm?t=10882
https://www.ine.es/jaxiT3/Tabla.htm?t=10882

