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ABSTRACT

Introduction: The healthcare situation of mul-
tiple sclerosis (MS) and its course are not being
thoroughly investigated in Japan. We aimed to
examine the current healthcare situation,
including treatment and healthcare costs, of MS
according to duration since its first diagnosis
using Japanese real-world data to determine
unidentified healthcare issues at each disease
stage.
Methods: This retrospective, non-comparative,
non-interventional study used a Japanese

nationwide claims database (April 2008–August
2018) comprising 20 million patients from 329
acute care hospitals (as of June 2018). Treat-
ment patterns, comorbidities, healthcare
resource utilization, and healthcare costs were
analyzed using longitudinal analyses of patients
with MS according to duration since the first
diagnosis. The time from diagnosis to first
treatment was examined using Kaplan–Meier
analysis.
Results: We identified 7067 patients with MS
[mean (standard deviation) age at first diagnosis
45.0 (16.2) years]. About 70% of the patients did
not receive disease-modifying therapy (DMT)
within the first year of diagnosis. The frequency
of DMT use decreased in patients with a longer
duration since the first diagnosis. MS treatment
costs tended to increase with a longer duration
from the first diagnosis until 9 years, followed
by a tendency to decrease; contrastingly, other
healthcare costs tended to increase with dura-
tion after decreasing from the year of the first
diagnosis to the next year. The frequencies of
hospitalizations and hospital visits, healthcare
costs—excluding those for MS treatment and
tests—and prevalence of comorbidities tended
to be higher in patients with a longer duration
since the first diagnosis.
Conclusion: A considerable proportion of
patients did not receive DMT, suggesting that
patients with early-stage MS may lose the
opportunity to improve their prognosis through
early intervention with DMT. Among patients
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with a longer duration since the first diagnosis,
fewer treatment choicesmay be available despite
the larger clinical and treatment burden.

Keywords: Claims database; Comorbidities;
Disease-modifying therapy; Disease
progression; Healthcare costs; Multiple
sclerosis; Real-world evidence;
Relapsing–remitting multiple sclerosis;
Secondary progressive multiple sclerosis

Key Summary Points

Why carry out this study?

Patients with multiple sclerosis (MS)
commonly experience long and diverse
disease courses. However, treatment status
and economic burden associated with MS
disease courses have been reported mainly
in the USA and Europe

In Japan, novel treatments for MS have
been introduced later, and fewer options
of disease-modifying therapies (DMTs) are
available than in the USA and Europe.
Considering the differences between
countries, the current healthcare situation
in Japan should be investigated to find
unidentified healthcare issues at each
stage of the disease

We analyzed the nationwide claims
database by duration (in years) since the
first diagnosis and by age to assess the
current healthcare situation, including
prescribed drugs, healthcare resource
utilization, costs, and comorbidities of MS
over the disease course

What was learned from the study?

Use of DMT was observed from the first
year of diagnosis; however, about 70% of
the patients did not receive treatment
with DMT within the first year. The
frequency of hospitalizations and hospital
visits, healthcare costs—excluding those
for MS treatment and tests—and
prevalence of comorbidities tended to be
higher in patients with a longer duration
since the first diagnosis

A considerable proportion of patients did
not receive treatment with DMT,
suggesting that patients at an early stage
of MS may lose the opportunity to
improve their prognosis by early
intervention with DMT. In patients with a
longer duration since the first diagnosis, it
is supposed that fewer treatment choices
were available despite suffering from
larger clinical and treatment burden

INTRODUCTION

Patients with multiple sclerosis (MS) commonly
experience long and diverse disease courses. The
majority of patients with MS are diagnosed with
relapsing–remitting MS (RRMS), and more than
half of those with RRMS are reported to transi-
tion to secondary-progressive MS (SPMS) within
15–20 years from disease onset [1, 2]. SPMS is a
subtype of the disease characterized by perma-
nent disability progression independent of
relapse.

Treatment status and economic burden
associated with MS disease course have been
reported mainly in the USA and Europe, where
high prevalence leads to a high impact on
society. MS negatively affects the lives of
patients and their families and leads to signifi-
cant and long-term health and economic bur-
dens [3]. In 2020, the prevalence was reportedly
288 per 100,000 in the USA and ranged from
below 40 to more than 300 per 100,000 in
European countries [4]. Disease-modifying
therapy (DMT) is usually used for patients with
RRMS to treat their symptoms of relapse [3]. The
first DMT, interferon-b1b, was launched in
1993, and the number of DMTs on the market
has been rapidly increasing; the US Food and
Drug Administration (FDA) approved 18 DMTs
as of 2021 [5].

The findings from other countries may not
be directly applied to the situation in Japan,
considering the differences in the approved
treatments. Although an increase in the preva-
lence has been reported in Japan [6, 7], it is
much lower than in the USA and Europe, that
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is, 7.7 per 100,000 in 2003 [8] or 15–19 per
100,000 in 2011–2015 [7]. Novel treatments
have been introduced later than those in the
USA and Europe. Interferon-b1b was released to
the market in November 2000 as the first DMT,
whereas interferon-b1a (launched in November
2006), fingolimod (November 2011), natal-
izumab (June 2014), glatiramer acetate
(November 2015), and dimethyl fumarate
(February 2017) had been available for RRMS
treatment. While the efficacy of these DMTs has
been proven in RRMS, no DMT had been proven
for effectiveness in SPMS [9, 10] until siponi-
mod was approved as the first DMT specifically
indicated for SPMS in Japan in June 2020. In the
guideline published in 2010, only interferon-
b1b was included as DMT, and long-term
administration of oral corticosteroid was not
denied [11]. Also, in the treatment guidelines in
2017, six DMTs and several immunosuppres-
sants were included for MS treatment, but the
oral corticosteroid was not recommended
because of lack of evidence [12].

To investigate the current healthcare situa-
tion for patients with MS in Japan, a nationwide
claims database analysis is suitable considering
its low prevalence rate and long and diverse
disease course. Several studies using Japanese
claims databases provided various types of
information regarding treatment for MS in a
Japanese real-world setting, including treatment
status and costs for all patients and by age
groups [13], an increase in prevalence and
treatment costs by year [6, 7], and a decrease in
the frequency of relapse and hospitalizations by
year [6].

Information related to the current healthcare
situation of MS, along with the disease course, is
important to assess the effect of change on the
treatment situation and to find issues along
with disease status. However, no claims data-
base includes disease course and disability status
information in Japan. Therefore, to provide
such information along with MS disease status,
we considered referring to disease duration and
age as alternative indicators of disease stage.
Moreover, no studies have described the treat-
ment situation by disease duration using claims
databases in the country. Therefore, we assessed
the current healthcare situation, including

prescribed drugs, healthcare resource utiliza-
tion, costs, and comorbidities of MS over the
disease course, to clarify unidentified healthcare
issues in Japan at each stage based on a claims
data analysis by duration (in years) since first
diagnosis and age.

METHODS

Study Design

This is a retrospective, non-comparative, non-
interventional study of patients with MS using a
Japanese claims database (April 2008–August
2018). We analyzed treatment patterns,
comorbidities, healthcare resource utilization,
and healthcare costs by duration since first
diagnosis and age.

Data Source and Settings

We used a claims database comprising data
collected from acute care hospitals adopting the
Japanese Diagnosis and Procedure Combination
(DPC)/Per-Diem Payment System (called DPC
hospitals) [14]. The Medical Data Vision Co.,
Ltd provided the database through a contract to
Novartis Pharma K.K., and Novartis Pharma
K.K. had permission to access and use the data
based on the contract. As of April 2018, 1730
DPC hospitals existed, 83% of which were rela-
tively large hospitals with more than 100 beds
[15]. The total number of beds in DPC hospitals
in Japan was approximately 490,000, covering
55% of all hospital beds for general patients.

The database used in this study included
20 million patients from 329 DPC hospitals as
of June 2018. It also included patients who had
received any medical practice, regardless of age
and type of insurance, and all diagnoses and
medical procedures, including prescriptions,
clinical tests, and surgeries given to inpatients
and outpatients in the hospitals. However,
diagnoses or medical procedures given in other
settings were not recorded in the database.

The observation period of each patient was
from the first record until the last record of their
medical visits, and the data collection period
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was between 2009 and 2018. The results were
stratified by year and month of each record with
the threshold of November 2011, when fin-
golimod was launched in Japan. Given that we
found some differences in the outcomes in the
period before the threshold, we only included
records after November 2011 to describe the
most recent situation prior to the availability of
siponimod. The database had records of the first
diagnosis of each disease as ‘‘From Date,’’ which
can be outside the observation period of this
study, and the earliest From Date of MS was
defined as the first diagnosis of MS.

We identified patients with MS based on the
algorism validated in a previous study using the
same database [13] as presented in Table 1. MS
diagnosis was coded as G35 by the International
Statistical Classification of Diseases and Related
Health Problems, 10th revision (ICD-10) [16].
The diagnosis implies ‘‘definitive diagnosis’’ and
does not include ‘‘suspected diagnosis’’ in this
study.

Analysis

We assessed treatment patterns, comorbidities,
healthcare resource utilization, and healthcare
costs by duration (in years) since the first diag-
nosis through longitudinal analyses from
November 2011 to August 2018 or by age

through cross-sectional analyses in 2017. The
results were assessed on the basis of descriptive
statistics.

As the treatment pattern, we calculated the
frequency of treatment per patient per month
(PPPM) for immunosuppressive/immunomodu-
latory treatments, including the following clas-
ses of treatments: DMTs, oral steroids, relapse
treatments, and immunosuppressants. Specifi-
cally, DMTs included interferon-b1b, inter-
feron-b1a, fingolimod, natalizumab, glatiramer
acetate, and dimethyl fumarate. Supplementary
Material Table S1 shows the classification and
definitions of the treatments based on the gen-
eral name for drugs or procedure price
table code for procedures. In addition, time
from diagnosis to first treatment was analyzed
through Kaplan–Meier analyses for DMT, any
immunosuppressive/immunomodulatory treat-
ments, or immunosuppressive/immunomodu-
latory treatments besides relapse treatments.
Patients having the first MS diagnosis during
the observation period were included in this
analysis.

Regarding the comorbidities, we selected
remarkable diseases/symptoms that are often
present in patients with MS with the help of a
medical expert (I.K.). The comorbidities, which
may include symptoms of MS with diagnoses
other than MS, were defined by ICD-10 code

Table 1 Patient identification

Number

Inclusion

criteria

1) Had C 1 hospitalization claim with MS diagnosis 3954

2) Had both C 1 outpatient claim with MS diagnosis and C 1 claim of DMT 2419

3) Had both C 1 outpatient claim with MS diagnosis and a record of first diagnosis of MS prior

to the observation period

4385

4) Had C 3 outpatient claims with MS diagnosis 7153

Patients who met any of the inclusion criteria: 1)–4) 8427

Exclusion

criteria

Had C 1 claim with a diagnosis of neuromyelitis optica (coded as G36 by ICD-10) 1471

Number of patients 7067a

DMT disease-modifying therapy, MS multiple sclerosis
aPatients whose observation period ended before the study period (3 patients) were excluded
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(Supplementary Material Table S2). The preva-
lence per patient month was calculated for each
comorbidity.

We analyzed the prevalence of diseases
diagnosed before the first diagnosis of MS by
year to examine the changes in diseases before
developing MS. Patients having at least
1-month observation periods before the first MS
diagnosis were included in this analysis. The
diseases were identified on the basis of the
standard disease name, which has been used to
record diagnoses in Japan. The prevalence of
each disease was calculated by year before the
first diagnosis. We compared the prevalence in
the year before the first diagnosis (year 0,
12 months from the first MS diagnosis) to 1 year
prior (year - 1), and calculated the difference as
(prevalence in year 0) - (prevalence in year -
1). We calculated the P values by z test to test
the null hypothesis that the prevalence in
year 0 and year - 1 is equal, and p\0.05 was
defined as statistically significant. We identified
the diseases that increased before the first
diagnosis, defined as those with larger preva-
lence in year 0 than year - 1 with statistical
significance. The identified diseases were listed
in descending order from the largest slope, cal-
culated as the change in prevalence over the
change in a year from year - 6 to year 0 using a
linear regression model.

We described healthcare resource utilization,
including frequency (PPPM) of clinical tests
(defined by procedure price table code as shown
in Supplementary Material Table S3), hospital-
izations, relapse treatments, and hospital visits.
As the database did not have a record of relapse,
we defined the relapse treatment based on the
treatments for relapse, including administration
of steroid pulse therapy and plasma purification
therapy (see Supplementary Material Table S1).
As for the healthcare costs (PPPM), we estimated
total costs and their breakdown: MS treatment
costs for immunosuppressive/immunomodula-
tory treatments, clinical test costs (for those
defined above), and other healthcare costs.

To assess the effect of aging on other
healthcare costs by duration since the first
diagnosis, we developed a multivariate model to
estimate the other healthcare costs between 12

and 120 months from the first diagnosis of MS
as follows:

X ¼ a þ b1 � age at the first diagnosisð Þ þ b2
� duration in yearsð Þ since first diagnosisð Þ
þ b3 � FinFlg;

where X is other healthcare costs and FinFlg is
whether in November 2011 or later (1) or not
(0). We estimated b1, b2, and b3 and compared
them to assess the effect of each parameter.

We conducted the analyses using SAS version
9.4 (SAS Institute Inc., Cary, NC) and Microsoft
Excel 2016 (Microsoft, Redmond, WA). The
P values were calculated using the t test or the
test for the difference in proportions, and
p\0.05 was considered statistically significant.

Ethics Approval and Consent
to Participate

The study was approved by Clinical Research
Promotion Network Japan (CR-IRB-0094). Clin-
ical trial registration was not required for this
study because it did not involve any
intervention.

The database includes data collected for sec-
ondary use and was provided after anonymiza-
tion. Therefore, informed consent was not
required according to ethical guidelines in
Japan.

RESULTS

Patient Identification

In the database, we identified 7067 patients
(mean ± standard deviation age at first diag-
nosis 45.0 ± 16.2; percentage of female patients
65.6%) (Table 1). Among them, 3157 patients
had their first MS diagnosis during the obser-
vation period. They were included in the
Kaplan–Meier analyses to examine the time
from diagnosis to first treatment, and 1298
patients had at least 1-month observation peri-
ods before the first MS diagnosis and were
included to analyze the prevalence of diseases
before the first MS diagnosis.
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Treatment Pattern

Figure 1 presents the frequency of each treat-
ment by duration (in years) since the first
diagnosis. The frequency of DMT use did not
change significantly over 15 years from the first
diagnosis (p = 0.85) but declined sharply in
years 16–20. Meanwhile, the frequency of
prednisolone use increased for patients with a
longer duration since their first diagnosis
(10 years or more). Regarding patients’ age,
DMT was often prescribed to patients in their
20s–40s and less often to those aged 50 or
above. Prednisolone was the most common
treatment for elderly patients (Supplementary
Material Fig. S1). Among the DMTs, fingolimod
was most frequently administered at 9.7%
(PPPM) in the first year, without any significant
increase or decrease over the next 10 years
(p = 0.43), then gradually decreasing thereafter
(Fig. 1).

Figure 2 shows the time taken to receive the
first treatment from the first diagnosis of MS.
The percentage of patients who had received
any DMT was 27.2% within 6 months and

29.2% within 1 year from the first diagnosis.
Only about half of the patients were prescribed
DMT over 4 years from the first diagnosis
among those prescribed any immunosuppres-
sive/immunomodulatory treatments.

Comorbidities

Among the diseases/symptoms selected as those
frequently existing in patients with MS, consti-
pation showed the highest prevalence (Fig. 3).
Prevalence tended to increase with a longer
duration since the first diagnosis for most dis-
eases/symptoms: excess 25% for constipation
and 10% for polyneuropathy, depressive epi-
sodes, epilepsy, and neuromuscular dysfunction
of the bladder after 10 years since diagnosis. A
higher prevalence of constipation was also
observed in all age bands (Supplementary
Material Fig. S2). Prevalence of these four dis-
eases/symptoms was also high in older age
bands (50–59 or higher), while the prevalence of
headaches was similar to or higher than in the
younger age band.

Fig. 2 Time to first treatment from the first diagnosis of
MS since November 2011 by Kaplan–Meier analysis.
DMTs disease-modifying therapies, Immunosuppressive/

immunomodulatory treatments any of DMTs, oral steroids,
relapse treatments, or immunosuppressants
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Diagnoses Before First Multiple Sclerosis
Diagnosis

Figure 4 shows the diseases with significantly
increased prevalence before the first MS diag-
nosis. Prevalence of various diseases, including
insomnia, intractable reflux esophagitis, and
hypertension, increased immediately before the
first diagnosis compared to the year prior.

Healthcare Resource Utilization and Costs

Clinical tests, hospitalizations, relapse treat-
ments, and hospital visits were the most fre-
quent, and total healthcare costs were the
highest in the year of the first diagnosis (Fig. 5).
The total healthcare costs were more than
Japanese yen (JPY) 160,000 (PPPM,
US$ 1487.19, as of June 2020; JPY 1 is equiva-
lent to US$ 0.0093). Then, it decreased to about
JPY 92,000 after the first year. MS treatment

costs tended to increase with longer duration
since the first diagnosis for up to 9 years but
tended to decrease later. Other healthcare costs
decreased from JPY 107,000 in the year of the
first diagnosis to JPY 34,000 after 1 year but
tended to increase thereafter. MS treatment
costs were higher for patients in their 20s–40s
and tended to decrease with age (Supplemen-
tary Material Fig. S3). Other healthcare costs
tended to increase after age 50. Using a multi-
variate model, we assessed the effect of aging on
the increase in other healthcare costs with
duration since the first diagnosis, as shown in
Fig. 5.

The coefficient of the multivariate model
was calculated as 14.8 (p\0.001) for b1, 2001.5
(p\ 0.001) for b2, and 2192.7 (p\0.001) for b3.
The coefficient of duration since the first diag-
nosis was significantly higher than that of age at
the first diagnosis.

DISCUSSION

In this study, we showed several dimensions of
treatment management and healthcare costs for
Japanese patients with MS, along with duration
since first diagnosis and age. Our results sug-
gested several issues in each stage of MS,
including a low proportion of treated patients
during several years since the first diagnosis and
a decrease in the frequency of DMT use in the
later stage of MS.

Although the database did not include
information associated with MS disease status,
we considered that the healthcare situation by
disease course could be assessed on the basis of
the analyses of the claims database, including
data from DPC hospitals by duration since first
diagnosis and age. Nevertheless, when inter-
preting the results, we should consider some
limitations associated with the nature of the
study design using this database. We used the
duration (in years) since the first diagnosis
recorded in the database, not disease duration,
as an alternative indicator of disease status
because information on the disease onset could
not be obtained. Patients assigned to the same
duration since the first diagnosis may not
always have the same disease duration because

Fig. 4 Prevalence of diseases diagnosed before first MS
diagnosis. Diseases that significantly increased in preva-
lence in 1 year before the first diagnosis (year 0) from
1 year prior (year - 1) are listed in descending order from
the largest slope. aP value, between 0 and year - 1; bSlope,
change in prevalence over the change in year from year - 6
to year 0 using a linear regression model. The colors are
assigned according to the color scale bar
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the time from disease onset to diagnosis varies
from patient to patient. In addition, the data-
base did not have a record of diagnoses and
treatments given in other settings; the first
diagnosis in the database may not be an exact
first diagnosis for some patients, and these
patients could be assigned to an earlier duration
since the first diagnosis group than the actual
duration. However, as MS prevalence is rela-
tively low in Japan, many patients, especially
those treated with DMT, may start treatment for
MS in relatively large hospitals. A previous
study using another Japanese claims database,
comprising data from health insurance soci-
eties, reported that 46% of patients with MS
mainly visited large hospitals with more than
500 beds. Sixty-seven percent visited relatively
large hospitals with more than 100 beds [7]. The
study also reported that the DMT prescription
rate was positively correlated with the number
of beds; more than 50% of the patients received
DMT in hospitals with more than 500 beds,
whereas approximately 20% or 15% of those
received DMT in hospitals with fewer than 100
beds or clinics (fewer than 20 beds), respectively
[7]. Consequently, this study may describe the
current healthcare situation of most patients,
and a larger proportion of patients treated with
DMT were included than the entire MS popu-
lation. Notably, higher mean age at first diag-
nosis in this study (45.0 ± 16.2 years) than the
age at the onset of MS in a previous study
(32 ± 13 years) [8] may be associated with the
gap between MS onset and diagnosis, and the
possibility that some patients were given the
first diagnosis in other settings prior to visiting
the DPC hospitals.

Use of DMT was observed from the same year
of the first diagnosis; however, about 70% of
patients had not received any DMT 1 year after
diagnosis. This proportion is lower compared to
the reports from the USA that show that the
percentages of patients who received DMT in
2015 were 73% for all patients with MS and 62%
for those who were newly diagnosed with MS in
2015 (based on analyses of the Market Scan
commercial insurance database) [17]. In the
previous study, the percentage of patients who
received DMT was calculated on the basis of a
snapshot analysis. Specifically, the number of

patients who had at least one claim for DMT in
a 12-month period in 2015 was divided by the
number of patients who were identified with
MS in 2015 or any previous year (for all
patients) or those identified in 2015 only (for
those who were newly diagnosed with MS in
2015). Possible reasons for the lower number of
DMT prescriptions include the fact that there
are fewer approved types of DMT, and patients
with atypical or benign MS, who may be less
frequently treated with DMT, seem more com-
mon in Japan [18–20], rather than in the USA
and European countries. The financial aid
scheme for incurable diseases, which was
reformed in January 2015, may also be associ-
ated with a low treatment rate for DMT in Japan
at the early stage. It is allowed only for those
with severe disease status—meeting either the
severity criteria (either Expanded Disability
Status Scale [EDSS] C 4.5 or visual disability C II
in the severity scale of retinal pigmentary
degeneration, or both) or the cost criteria (at
least 3 months per year with the total monthly
healthcare cost exceeding JPY 33,330) [21]. As
newly diagnosed patients do not often meet the
criteria for the certification, they may be dis-
couraged from starting DMT at an early stage.
Moreover, those who were temporarily given
MS diagnosis for differential diagnosis, includ-
ing clinically isolated syndrome, might remain
in the analysis. However, we attempted to
exclude such patients by using the algorithm
(Table 1) and excluding the suspected diagnosis
code of MS.

DMT is usually prescribed in the perspective
of preventing relapses but the treatment goal
should rather be to reduce disability progres-
sion, which is supposed to contribute to long-
term clinical and social prognosis [22, 23]. Early
intervention with DMT (within 5 years of dis-
ease onset) was reported to be associated with a
significantly lower risk of conversion to SPMS
compared with later intervention (after 5 years
of disease onset) [24]. Another report argued
that treatment with DMT should begin soon
after MS diagnosis and continue unless a sub-
optimal treatment response or intolerable side
effects appear [23]. The Japanese treatment
guidelines also recommend early commence-
ment of DMT for patients with RRMS [12].
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Considering these facts, our finding of the low
treatment rate with DMT in the early stage of
MS may suggest that there is still room for
improvement in the long-term prognosis by
early intervention with DMT in Japan.

Lower frequency of DMT use among patients
with a longer duration since the first diagnosis
and elderly patients observed in this study may
be due to the relatively fewer benefits of the
current DMTs for patients at their later stage.
Presumably, the frequency of relapse is lower,
and possible side effects are higher in later
stages than in earlier stages. In the American
Academy of Neurology guidelines, continuous
use of DMT is recommended for patients with
RRMS, even for those with stable MS. However,
for patients with SPMS, the likelihood of future
relapse considering a patient’s age, duration
since the first diagnosis, relapse history, and
MRI-detected activity should be assessed; fur-
ther, discontinuation of DMT may be advised in
those without ongoing relapses and those who
have not been ambulatory treated for at least
2 years [25]. Our finding may suggest that Japan
has fewer treatment options with a favorable
risk–benefit balance for patients with late-stage
MS during the study period.

It is noteworthy that prednisolone was fre-
quently used for patients in their later stages.
This is probably because such patients were
diagnosed and started treatment in times when
MS and neuromyelitis optica were not clearly
differentiated. Previously, oral steroids were
frequently used and this older form of treat-
ment may have continued until the patients
were in the later stages [26]. Notably, frequent
use of prednisolone, more than 30% in 2015
without excluding those for relapse treatment,
for all patients was also reported in a previous
study using another Japanese claims database,
including data of treatments in all settings for
patients mostly aged less than 65 years [7].

We observed a higher prevalence of various
diseases/symptoms with an extended duration
since the first diagnosis. However, aging could
be one factor suggesting that the disease burden
becomes higher in patients at a later stage.
Meanwhile, depression is reported to be a fre-
quent comorbidity for patients with MS [27].
Our results that indicate a higher prevalence of

depression in patients with a longer duration
since the first diagnosis suggest that more
mental healthcare is required for those at the
later stage of the disease. However, it should be
noted that some diagnoses might be coded to
prescribe a specific drug to treat an MS symptom
(e.g., antidepressants for pain and antiepileptics
for painful muscle spasms).

Interestingly, an increase in the prevalence
of some diseases was observed in advance of the
MS diagnosis. A prodromal period in MS has
been suggested in recent years. A Canadian
population-based cohort study reported that
patients with MS had more frequent use of
healthcare [28] and more psychiatrist and
urologist encounters [29] compared with mat-
ched controls 5 years before a first demyelinat-
ing event. An increase in some diseases,
including insomnia and constipation, in the
study could also be indicative of such MS pro-
dromes in Japanese patients. We simply exam-
ined prevalence of diseases by year before the
first MS diagnosis to obtain basic information;
further study is needed to confirm the rela-
tionship of the increase in these diseases to MS
development.

An increase in other healthcare costs in later
stages may be related to a trend of increasing
healthcare costs with age in general. However,
the results of the multivariate analysis indicated
higher associations of duration since the first
diagnosis with other healthcare costs, compared
with the age at first diagnosis. Therefore, the
increase in other healthcare costs in later stages
may be attributed to the increase in the dis-
ability status of MS rather than to the general
impact of aging. In previous studies about the
relationship between healthcare costs and EDSS
in Finland [30], Brazil [31], the Netherlands
[32], and Austria [33], costs were strongly asso-
ciated with disability status. These results indi-
cated that the MS treatment costs increased
during the initial period (up to 9 years from the
first diagnosis) but decreased later. It was also
reported that MS treatment costs are low in
patients with higher disability status [30–32].
These results are consistent with these reports,
given that the duration since the first diagnosis
is associated with disability status. Notably, the
impact of indirect costs on society has been
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reported, and the indirect costs related to pro-
ductivity loss associated with MS were higher in
patients with higher EDSS scores [34]. Further
research may be needed to assess the compre-
hensive impact of MS on society, including
indirect costs in Japan.

Limitations

There are several limitations in this study. As
described previously (second paragraph of the
‘‘Discussion’’ section), we used the duration
since the first diagnosis as an alternative indi-
cator of disease status, which started later than
disease onset, and the time from onset to the
first diagnosis may differ among patients.
Moreover, the first diagnosis in the database was
not an exact first diagnosis for some previously
diagnosed patients in other settings. Therefore,
the patients assigned to the same duration since
the first diagnosis group may not have a similar
disease duration. Next, this study may include
more patients who required aggressive treat-
ments than general patients.

As this study is based on secondary use of
claims data, the accuracy of the records affects
our results. In particular, as mentioned in the
‘‘Discussion’’ section, some diagnoses may be
given due to diagnostic tests or prescriptions of
particular drugs. Meanwhile, information on
treatments and diagnostic tests are assumed to
be accurately recorded because claims are gen-
erated to claim medical care fees. Subsequently,
as the database did not have records of relapses,
we defined it based on records for treatments
that are usually used for relapses. Therefore,
treatments for symptoms other than relapses of
MS might have been included, and relapses that
may have occurred without treatment were not
included. Finally, although we performed lon-
gitudinal analyses by duration since the first
diagnosis, not all patients have records from
their first year since diagnosis; thus, those
included in each year were different.

CONCLUSIONS

This study showed that the use of DMT was
observed from the first year of diagnosis;

however, a considerable proportion of patients
did not receive treatment with DMT. This
finding suggests that patients in Japan at an
early stage of MS may lose the opportunity to
improve their long-term prognosis through
early intervention with DMT. We also demon-
strated that patients with a longer duration
since the first diagnosis had received less treat-
ment with DMT. They had higher frequencies of
hospitalizations and hospital visits, higher
miscellaneous costs, and a higher prevalence of
comorbidities. The clinical situations in Japan
are different from those in the USA and Europe.
We believe that this study provides essential
information to consider better treatment for
patients with MS in Japan through the disease
course.
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