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Abstract

Background Rehabilitation is an essential medical service for patients who have suffered acute stroke. Although the
effectiveness of 7-days-per-week rehabilitation schedule has been studied in comparison with 5- or 6-days-per-week
rehabilitation schedule, its cost-effectiveness has not been analyzed. In this research, to help formulate more cost-
effective medical treatments for acute stroke patients, we analyzed the cost-effectiveness of 7-days-per-week reha-
bilitation for acute stroke from public health payer’s perspective, and public healthcare and long-term care payer’s
perspective in Japan.

Methods Cost-effectiveness of 7-days-per-week rehabilitation for acute stroke patients was analyzed based on the
result from a previous study using a Japanese database examining the efficacy of 7-days-per-week rehabilitation. Cost
utility analysis was conducted by comparing 7-days-per-week rehabilitation with 5- or 6-days-per-week rehabilita-
tion, with its main outcome incremental cost-effectiveness ratio (ICER) calculated by dividing estimated incremental
medical and long-term care costs by incremental quality-adjusted life years (QALY). The costs were estimated using
the Japanese fee table and from published sources. The time horizon was 5 years, and Markov modeling was used for
the analysis.

Results The ICER was $6339/QALY from public health payer’s perspective, lower than 5,000,000 Yen/QALY (approxi-
mately US$37,913), which was the willingness-to-pay used for the cost-effectiveness evaluation in Japan. The 7-day-
per-week rehabilitation was dominant from public healthcare and long-term care payer’s perspective. The result of
sensitivity analysis confirmed the results.

Conclusion The results indicated that 7-days-per-week rehabilitation for acute stroke rehabilitation was likely to be
cost-effective.
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Background

Rehabilitation is an essential medical service for patients
recovering from acute stroke, and the effectiveness of
stroke rehabilitation has been reported in the literature
[1-4]. The American Heart Association and Ameri-
can Stroke Association have stated the importance of
early initiation of stroke rehabilitation [5]. Some studies
consider the relationship between frequency of stroke
rehabilitation and clinical outcomes such as length of
stay [6—8]. Matsui et al. reported that being hospital-
ized on Friday would make post-stroke severity signifi-
cantly worse, indicating that difference in treatments
between weekdays and weekdays could affect patient
outcomes [9]. Kinoshita et al. compared a group of acute
stroke patients using the Japan Rehabilitation Database
(N=3072) who utilized rehabilitation services 7 days per
week, with another group comprising those who utilized
these services for 5 or 6 days [10]. The results showed
that patient severity was significantly lower in the group
with 7-days-per-week schedule even after adjustment by
related parameters, and therefore, better outcomes can
be expected.

In Japan, the importance of considering cost-effective-
ness of medical services is being realized, and in 2019,
the cost-effectiveness evaluation commenced [11]. In a
study by Murayama et al. in 2011, only 4 out of 25 sub-
ject hospitals in Japan were found to provide acute stroke
patients with rehabilitation 7 days a week [12]. It is pos-
sible that, currently, such hospitals are still not in major-
ity. It is necessary to evaluate the cost-effectiveness of
7-days-per-week rehabilitation for acute stroke patients
and consider optimal service fee in the national fee table
to consider promoting that rehabilitation schedule. How-
ever, no study has considered its cost-effectiveness com-
pared with a 5- or 6-days-per-week schedule. In this
study, the cost-effectiveness of a 7-days-per-week reha-
bilitation schedule for acute stroke patients is analyzed
to help formulate more cost-effective rehabilitation for
acute stroke patients.

Materials and methods

Scheme and outcomes

The subjects were a cohort of 1000 hypothetical patients
who had experienced an acute stroke in Japan. The
patient characteristics were assumed to be as follows:
75 years old, less than 1 day to admission after onset, hav-
ing NIHSS (National Institutes of Health Stroke Scale)
scores of 5—6 on average at admission, with mRS scores
of 3, 4, or 5 (physically severe) at admission. Approxi-
mately 70% had cerebral infarction, and approximately
40% were female. The patient characteristics were defined
according to Kinoshita et al., the basis of the study analy-
sis [10]. The study compared functional outcomes such
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as the rates of patients who were physically independ-
ent (mRS0-2) between the 7-day-per-week rehabilitation
schedule and that of 5-or 6-day per week using Japanese
Rehabilitation Database.

One patient group used conventional rehabilitation
services 5 or 6 days a week, and the other, for 7 days a
week, for 30 days after the onset of stroke in acute hospi-
tals (5-/6-day group and 7-day group, respectively). The
two groups were compared in the cost utility analysis by
a cohort-level simulation, for which effectiveness of the
7-days-per-week rehabilitation was based on the study
by Kinoshita et al. [10]. The time horizon was five years
after onset. The design of this study was shown in Fig. 1.
In Japan, it was common for acute stroke patients to be
admitted in an acute hospital, and after being discharged,
in a convalescent hospital, for treatments such as reha-
bilitation. In the National fee schedule in Japan, addi-
tional fee for acute stroke rehabilitation can be charged
for 30 days after onset [13]. Based on the information in
the National fee schedule, it was assumed that the length
of stay in acute hospitals in this study is 30 days, and that
in convalescent hospitals is up to 90 days (i.e., 3 months)
[14]. It was also assumed that the two groups differed in
the frequency of rehabilitation services utilized in the
acute stage, though there was no such difference in medi-
cal services they received in the convalescent stage [10].
From the 4th month, the patients utilized long-term care
services according to their severity, which was described
later section (“Long-term-care cost").

The primary outcome for the cost utility analysis was
the incremental cost-effectiveness ratio (ICER), which
was commonly used for health technology assessment
in many countries such as UK [15] and Japan [11]. Qual-
ity-adjusted life years (QALY) was used as a measure of
outcome. Calculated ICERs were evaluated with the will-
ingness-to-pay of 5,000,000 yen/QALY (approximately
US$37,913), in accordance with the one used in the cost-
effectiveness evaluations in Japan [16].

In the Japanese medical system, universal rates are
decided for each medical service, treatment, or drug in
the national fee schedule [17]. The rate of co-payment
differs depending on patient groups (e.g., 30% for most
patients, 10% for patients aged 75 years or older, and
no charge for welfare recipients), and the rest is paid by
insurers and the government. In total, only 11% of the
national medical expenditure is covered by patient co-
payments. A large part is covered by the public budget.
The Guideline for Preparing Cost-Effectiveness Evalu-
ation in Japan recommends that health technology
assessments be conducted from the public health pay-
er’s perspective as a standard. This only includes public
medical costs within the range of public healthcare insur-
ance in Japan since decisions for price adjustments are
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Fig. 1 The design of this study. It shows the design of this study. The hypothetical subjects comprise 2 groups of acute stroke patients; one group
takes rehabilitation 7 days per week for 30 days after onset, and the other, 5 days. It is assumed that those patients are admitted to acute hospitals
and thereafter to convalescent hospitals. It is assumed that medical cost difference only arises from the frequency of rehabilitation in the acute
stage, and the cost difference was analyzed. After the discharges, patients utilize long-term care according to severity, estimated using Markov
model simulation (described in later section “Patient severity estimate”). Quality adjusted life years are also estimated from the estimated severity.
Incremental cost-effectiveness ratio was calculated as a primary outcome for cost-effectiveness evaluation

made within that range in the Japanese cost-effectiveness
analysis [11]. Long-term care services in Japan have also
been administered to the universal system, and the uni-
versal rates are decided for each service. The guideline
also states that public healthcare and long-term care
payer’s perspective are acceptable when the effect of pub-
lic long-term care costs is important. This perspective
includes both public medical costs within the range of
the public healthcare insurance in Japan and long-term
care costs (i.e., costs for utilization of public long-term
care services) within the range of public long-term care
insurance. Since this was the case with acute stroke, by
which patients had severe sequela, our analysis was based
both on the public health payer’s perspective, and public
healthcare and long-term care payer’s perspective. The
national fee schedule published in 2020 [13] was used.
The costs and QALYs were discounted by 2% per year,
according to the Japanese guideline [11]. After the analy-
sis, the results were converted to US$ using the currency
exchange rate as of January 9, 2023 (US$1=131.88 yen).

Patient severity estimate
Patient severity was based on the modified Rankin
Scale (mRS). Patient severity from the fourth to the

60th month was estimated using Markov modeling. The
Markov model was a simulation model in which transi-
tion states and transition probabilities, as well as patients’
moves between the transition states at a Markov cycle are
defined. The Markov model has been applied to simula-
tions of patients with various diseases [18, 19] and with
stroke patients [20, 21].

In this study, three states—mRS0-2 (functionally inde-
pendent), mRS3-5 (disabled), and mRS6 (death)—were
defined (Fig. 2), and the Markov cycle was 1 month.

The initial probabilities (mRS distribution at month
3) were mRS0-2: mRS3-5: mRS6=49.3%: 47.0%:3.9% in
the 7-day group, and 37.6%: 58.5%: 3.9% in the 5-/6-day
group. The initial probability of mRS0-2 in the 5-/6-day
group was in line with the result of Kinoshita et al., and
that of the intervention group was estimated by mul-
tiplying the result of the control group by the risk ratio
for mRS0-2 (1.31 (95%CI: 1.20-1.43)) estimated from
the odd ratio (1.62 (95%CI: 1.36—1.94)) taken from the
study by Kinoshita et al. [10]. In the study by Kinoshita
et al.,, the odds ratio was calculated from a model that
made adjustments for age, sex, stroke subtype, time to
admission after onset, NIHSS score, mRS score, each
comorbidity, t-PA administration, operative treatment,
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Fig. 2 The structure of Markov model. It shows the structure of the
Markov model. The model consisted of three health states: modified
Rankin Scale (mRS) 0-2, mRS3-5, and mRS6. The transition from
mRS3-5 to mRSO-2 (*) happens only in the first year

daily rehabilitation time, and time to rehabilitation
after admission. The proportion of mRS6 patients was
assumed to be the same between the two groups at the
initial distribution.

The transition probabilities were estimated by calibra-
tion in accordance with Xie et al. [22], which was based
on Oxford Vascular Study [23], a study of long-term out-
comes for stroke patients with a large number of sam-
ples (see Additional file 1 for details). The Life Table of
Japan [24] was used for calibration. In the model, mortal-
ity was assumed by multiplying the mortality for general
population at the corresponding age by disease-specific
risk ratio of mortality for stroke patients, which was
estimated by the calibration. It was also assumed that
patients at mRS3-5 state could move to mRSO-2 state
in the first year since that recovery was possible during
the period. In addition, the transition probabilities after
5 years, used in the scenario analysis, were based on the
parameters in the fifth year, adjusted with the corre-
sponding age-specific mortality for general population.
See Additional file 1 for details of the calibration.

After the simulation using the Markov model, patients
were divided into finer mRS stages (mRS0-2 into mRSO0, 1,
2, respectively, and mRS3-5 into mRS3, 4, 5, respectively)
at each time cycle since differences in QALYs and long-
term care costs could exist even within functionally inde-
pendent patients or disabled patients. Patients at mRS0-2
and mRS3-5 stage were divided into finer mRS grades
using the proportions of mRS0:1:2 =30.5%:29.8%:39.6%,
mRS3:4:5=37.5%:36.9%:25.6%, respectively, according to
the proportion of patients by Hattori et al. [25], and those
proportions were assumed not to change during the time
horizon.
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Based on the estimated patient severity, QALYs and
long-term care cost estimates were analyzed, as explained
later. R ver. 3.5.2 was used for the simulation.

Medical cost

In this study, it was assumed that there was no differ-
ence in medical services provided to the 7-day and
5-6-day groups, except for the number of rehabilitation
service units in the acute stage. No significant difference
was found between the two groups in length of stay and
treatments provided in the acute stage, such as admin-
istration of recombinant tissue plasminogen activator
in the study by Kinoshita [10]. It was also assumed that
medical costs after discharge from acute hospitals were
not included in the analysis.

In the medical cost analysis, patients utilized rehabilita-
tion services for 30 days after onset. The day of onset was
randomly assigned to patients from Sunday to Saturday,
because the number of rehabilitation days were affected
by what day of the week the stroke occurred.

In the Japanese public medical system, the time
required for rehabilitation services is 20 min per unit
[11]. It was assumed that the number of rehabilitation
units a patient utilizes per day was 4.3 [10]. The national
fee for per-unit rehabilitation service is $18.6. An addi-
tional fee of $2.41 per unit was charged for rehabilitation
during the first 30 days, and there is another fee of $3.62
per unit charged during the first 14 days [13], which is
charged when a full-time (or equivalent) rehabilitation
physician is engaged. Since there were no data on pro-
portion of hospitals that provide rehabilitation for acute
stroke patients 5-6 days a week, it was assumed that all
the patients in the 5-/6-day group utilized rehabilitation
services 5 days a week for a conservative cost estimate.

Long-term-care cost

It was assumed that long-term-care costs differed
depending on patient severity. The Japanese long-term
care system divides patients with care needs into seven
levels based on their severity: Support level 1-2 and Care
Needs level 1-5 [26]. The higher the level, the severer
a patient is. Patients with Support level needs are less
severe than those with Care Needs level. First, the esti-
mated patient severity in the form of mRS stages was
transformed into severity in the form of long-term-care
needs (the seven levels), according to a previous study
[27] (Table 1). For example, to estimate long-term-care
costs, patients with mRS1 disability were assigned to
Support level 1. Patients with mRS4 were assigned to
Care Needs level 2 or 3, and patients with mRS5 were
assigned to Care Needs level 4 or 5, according to the
proportion of the patients in each Care Needs level in
the previous survey by the Ministry of Health Labor and
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Table 1 Utility, care needs level, utilization rate of long-term care services, and long-term care costs by mRS grade
mRSO mRS1 mRS2 mRS3 mRS4 mRS5 mRS6
QOL utility [25] (base case) 0.89 0.797 0.65 0.588 0.363 0.092 0(0)
y(61.0,68.5) y(90.0,113.0) y(77.1,118.7) v(77.0,131.0) y(24.7,68.1)  y(1.32,144)
Care needs level [27] Support level 1 Support level 2 Care levell  Care level Care level 4 or 5*
2 or 3*
Utilization rate of long-term care services [25] 0% 21.6% 91.5% 98.5% 1 1 0
Long-term care costs based on care needs 219 376 806 Level 2: 1090 Level 4:1914
level (S/month) [29] y(34.5,0.2) v(36.4,0.1) v(167.2,0.2)  y(306.1,0.2)  vy(517.3,0.3)
Level 3:1596  Level 5:2205
V(655.6,04)  y(686.3,0.3)

*Patients are assigned to the either of the 2 Care Level according to the proportion of the patients shown in Comprehensive Survey of Living Conditions [28] (Care

level 2:3=60.8%:39.2%, Care level 4:5=61.0%:39.0%)
mRS modified Rankin Scale, QOL quality of life

Welfare [28] (i.e., Care level 2:3 =60.8%:39.2%, Care level
4:5=61.0%:39.0%). The rate of service utilization was
defined by patient severity under the premise that, the
severer a patient, the more care services she/he is likely
to be utilized (Table 1) [26]. Data on long-term-care costs
were calculated according to a previous study by Yamaga
and Ikeda, in which the costs were estimated based on a
survey by the Ministry of Health Labor and Welfare by
dividing the amount of total long-term expenditure at
each Care Needs level by the number of patients in each
Care Needs level [29] (Table 1).

Table 1 shows the parameter inputs and their distribu-
tions for probabilistic sensitivity analysis for each mRS
grade used in the analysis.

Utility estimation
The patients were assigned quality of life (QOL) util-
ity according to their mRS grades at each time cycle

(Table 1). Data on utility for each mRS stage was obtained
from the study by Hattori, which was conducted on Japa-
nese subjects [26]. The QOL utility collected from Japa-
nese results is preferred in the Japanese guideline [11].

Sensitivity and scenario analysis

To consider the uncertainty of cost-effectiveness, sensi-
tivity analysis and scenario analysis were conducted. The
sensitivity analysis consisted of one-way deterministic
sensitivity analysis and probabilistic sensitivity analysis
(PSA).

The parameters and the sensitivity ranges for
one-way  deterministic  sensitivity = analysis are
shown in Table 2. The target parameters were effi-
cacy of the intervention, mRS distribution in the
same model states (mRSO0:1:2=30.5%:29.8%:39.6%,
mRS3:4:5=37.5%:36.9%:25.6% in the base case), utiliza-
tion rates of long-term care services, rehabilitation fees,

Table 2 Ranges of parameters for sensitivity analysis and scenario analysis

Parameters Lower case Base case Upper case Source
Sensitivity analysis

Efficacy of the intervention (MRS mMRSO-2:mRS3- mMRSO-2:MRS3- mRSO-2:MmRS3- [10]

distribution at 90 days) 5:mRS6=45.0%:51.1%:3.9% 5mRS6 =49,3%:46,7%:3.9% 5:mRS6 =53.8%:42.2%:3.9%

mRS distribution for severe patients ~ mRS3:4:5 = 100%:0%:0% mMRS3:4:5 =30.5%:29.8%:39.6% mRS3:4:5 =0%:0%:100%

(mRS3-5)

mRS distribution for non-severe mRS0:1:2 = 100%:0%:0% mMRS0:1:2 =30.5%:29.8%:39.6% mMRS0:1:2 = 0%:0%:100%

patients (MRSO-2)

Utilization rates of long-term care — 10% from base case Shown inTable 1 + 10% from base case

services

Rehabilitation fees — 50% from base case + 100% from base case

Long-term care fees — 50% from base case + 100% from base case

# of rehabilitation units per day 1 units 4.3 units 9 units [10,13]
Scenario analysis

Discount rate (%/year) 0 2 4 [

Time horizon 10 years 5 years
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long-term care fees, the number of rehabilitation units
provided per day.

Target parameters for the PSA were the efficacy of
7-day rehabilitation, utility, and the number of rehabili-
tation units provided per day. For the efficacy of 7-day
rehabilitation, the risk ratio was determined from the
normal distribution (Normal (1.31, 0.05)) using the value
calculated in the "Patient severity estimate" section. Util-
ity and the long-term care costs were determined from
gamma distribution (Table 1) for each patient. To esti-
mate the distribution of long-term care costs, chronic
care costs for Japanese stroke patients by Kamae et al.,
were used [30]. Regarding the medical costs, the number
of rehabilitation units per day was determined from the
normal distribution (Normal (4.3, 1.0)) [10]. The number
of iterations for the PSA was 1000.

For the scenario analysis, analysis with 10-year time
horizon was also conducted, and the discount rate was
changed between 0 and 4% per year [11] (Table 2).

Results
Medical cost and long-term-care cost
The summary of results is shown in Table 3. In the base
case, the average medical cost for rehabilitation at the
acute stage per patient was $2928 for the 7-day group,
and $2092 for the 5-/6-day group. Average long-term-
care costs per patient for the 5 years were $29,286 and
$31,646 for the 7-day group and the 5-/6-day group,
respectively.

From public healthcare and long-term care payer’s per-
spective, the average total incremental cost per patient
were $— 1524.

Incremental QALYs

The average gained QALYs for the 5 years were 1.855, and
1.723 for the 7-day group and the 5-/6-day group, respec-
tively, and the incremental QALY was 0.132 (Table 3).

Incremental cost-effectiveness ratio

From public healthcare payer’s perspective, ICER was
$6339/QALY (Table 3). From public healthcare and
long-term care payer’s perspective, the 7-day group was
dominant.

Table 3 Costs, gained QALYs, ICERs in the base case
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Table 3 shows the results of base case on medical cost,
long-term care cost, QALY, and ICER.

Sensitivity and scenario analysis

The results of sensitivity analysis and scenario analysis
from public healthcare payer’s perspective were shown in
a tornado chart (Fig. 3). Rehabilitation fee had the most
impact on the ICERs, which ranged from US$3169 to
US$12,678/QALY, followed by the number of rehabilita-
tion provided per day with ICERs ranging from US$1473
to US$8607/QALY.

ICER was $4210/QALY when the time horizon was
10 years.

The results of sensitivity analysis from public health-
care and long-term care payer’s perspective were shown
in Table 4. Seven-days-per-week rehabilitation stayed
dominant even when the values of the parameters were
changed.

The results of PSA were shown in Fig. 4. The ICERs
were below the 5-million-yen willingness to pay with
100% probability both from public healthcare payer’s
perspective (Fig. 4a) and public healthcare and long-term
care payer’s perspective (Fig. 4b).

Discussion
This study analyzed the cost-effectiveness of providing
rehabilitation to acute stroke patients 7 days per week.
From public healthcare payer’s perspective The ICER
at 5 years was $6339/QALY, lower than $37,913/QALY.
Therefore, excellent cost-effectiveness of 7-days-per-
week rehabilitation was expected. Kinoshita et al. ana-
lyzed the effectiveness of providing rehabilitation 7 days
per week by comparing the 7-day and 5-/6-day groups.
Their result was confirmed by including a large number
of patients and by adjusting their results with various fac-
tors such as patient demographic information, time to
admission after onset, and administration of recombinant
tissue plasminogen activator [10]. This study clarified the
economic aspects of a 7-days-per-week rehabilitation
schedule for acute stroke patients.

The medical and long-term care system in Japan is
guided by the national fee schedules [13]; thus, the cost
analysis can be applied throughout the country. In this

Scenario Medical Long-term Total cost ($US) Gained QALY Public healthcare Public healthcare and
cost ($US) care cost payer’s perspective, long-term care payer’s
(SUS) perspective
ICER(USS/QALY) ICER(USS/QALY)
7-Day schedule 2928 29,286 32214 1.855 6339 Dominant
A From 5-/6-day schedule 836 — 2360 — 1524 0.132
Five-/6-day schedule 2092 31,646 33,738 1.723
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Fig. 3 Results of deterministic sensitivity analysis and scenario analysis. It shows the results of one-way deterministic sensitivity analysis and

scenario analysis

Table 4 Results of sensitivity analysis and scenario analysis from public healthcare and long-term care payer’s perspective

Parameter Lower case

Base case

Upper case

AQALY ACost ($) ($/QALY)

AQALY ACost ($)

ICER ($/QALY) AQALY ACost($) ICER ($/QALY)

Efficacy of the intervention (risk ratio of 0.083 — 652  Dominant 0.132 — 1524 Dominant 0.182 — 2424 Dominant
mRSO-2 patients)

mRS distribution (MRS3-5) 0.093 — 430  Dominant 0.184 — 3138  Dominant
mRS distribution (MRS0-2) 0.164 — 2000  Dominant 0.10 —917  Dominant
Discount rate 0.138 — 1603  Dominant 0.148 — 1452 Dominant
Utilization rates of long-term care services 0.132 —909  Dominant 0.132 — 1472 Dominant
Rehabilitation fee 0.132 — 689  Dominant 0132 —1943  Dominant
Long-term care service fee 0.132 — 344  Dominant 0.132 — 3885  Dominant
# of rehabilitation units per day 0.132 — 1654 Dominant 0.132 — 1234 Dominant
Time horizon (10 years) 0.20 — 1565 Dominant

study, it was assumed that medical costs did not dif-
fer between the two groups, except for the frequency of
rehabilitation. This result of excellent cost-effectiveness
can be attributed to the fact that implementing a 7-days-
per-week rehabilitation schedule does not cost much
incrementally.

Long-term-care costs were lower for the 7-day group.
The 7-days-per-week rehabilitation schedule was domi-
nant, having better cost-effectiveness from public
healthcare and long-term care payer’s perspective. The

decrease in the long-term care costs was attributed to
the improved patient severity. Our result indicated that
stroke patients can benefit from being assigned to lower
care-needs levels, and subsequently, lower long-term
care costs, by utilizing 7-days-per-week rehabilitation
in the acute stage. The effect on patients suffering from
post-stroke disability usually lasts for a lifetime. In Japan,
approximately 26.9% of all long-term-care expenditure
is attributed to stroke [29]. The Japanese guideline states
that long-term care costs can be included when the effect
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b: public healthcare and long-term care payer’s perspective
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Fig. 4 The results of probabilistic sensitivity analysis (a) from public healthcare payer’s perspective and (b) from public healthcare and long-term

care payer’s perspective

of public long-term care costs is important. It is impor-
tant to conduct cost-effectiveness analysis including
long-term care costs of stroke treatments.

This research covered a sensitivity analysis considering
uncertainty in the related parameters. The results showed
that its cost-effectiveness remained at the high level, with
the value of ICER was below the willingness to pay. The
results indicate that 7-days-per-week rehabilitation for
acute stroke patients was cost-effective even when con-
sidering the uncertainty of the results.

Murayama et al. reported that only 4 out of 25 subject
hospitals were found to provide acute stroke patients
with rehabilitation 7 days a week [9]. Initiating the
7-days-per-week rehabilitation schedule incurs costs for
personnel (i.e., physicians, providers, and so on) who
work on weekends or holidays, and administration costs,
which can be a restraint for hospitals. The results of this
study will be of importance in considering the optimal
national fee in terms of cost-effectiveness and promot-
ing the 7-days-per-week rehabilitation schedule. How-
ever, despite that costs for providing rehabilitation 7 days
a week could be an obstacle from its implementation for
hospitals, its cost-effectiveness from hospitals’ perspec-
tive is still unclear. Future research should focus on anal-
ysis from the perspective of hospitals.

This study analyzed the cost-effectiveness of the 7-days-
per-week rehabilitation schedule for acute stroke patients
to encourage the consideration of providing more cost-
effective stroke treatments. Although the results here
showed that 7-days-per-week rehabilitation was likely to
be cost-effective, this study has several limitations. First,

this analysis is mostly based on an observational data-
base study by Kinoshita et al. [10], even though the study
has large number of Japanese samples, and the efficacy
of 7-days-per-week rehabilitation was evaluated after
adjustment with related parameters. Therefore, there
is still a possibility that the result can be biased by fac-
tors such as unobserved ones. Despite this limitation, the
results of this study are of great importance when high-
evidence study such as randomized controlled trials does
not exist and is not likely to be conducted for this topic.
Still, it is desirable that randomized controlled trails are
conducted in the future to clarify more unbiased treat-
ment effects of the intervention.

Second, since this study was from the healthcare pay-
er’s perspective, this study did not consider opportunity
costs; Yamaga et al. measured the cost of illness of stroke
in Japan and included opportunity costs in their analy-
sis [27]. Next, though there should be differences in the
number of rehabilitation units, the relationship between
rehabilitation time and patient severity has not been
clear. Although a positive relationship between rehabilita-
tion time and patient outcomes has been reported in the
post-acute stage [31, 32], there is no consensus about the
acute stage [33]. Some studies report that, by increasing
intensity of rehabilitation in the acute stage, post-stroke
severity in patients would be improved [3, 4]; however,
Lauro et al. reported no significant effect of the same
[34]. If the relationship is clarified, more detailed analysis
on cost-effectiveness can be made available. Lastly, cost
structures are different globally. Therefore, even though
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our methods are applicable to other countries, analyses
should be conducted according to each country’s system.

Conclusions

This study examined the provision of cost-effective treat-
ments for acute stroke patients, focusing on the cost-
effectiveness of 7-days-per-week rehabilitation schedule.
The estimated ICER was $6339/QALY, which was lower
compared with the willingness-to-pay of 5,000,000 yen/
QALY (approximately $37,913) from public healthcare
payer’s perspective, and 7-days-per-week rehabilitation
schedule was dominant from public healthcare and long-
term care payer’s perspective. The results indicated that
7-days-per-week rehabilitation for acute stroke patients
is likely to be cost-effective.
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