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Abstract.
Background: Alzheimer’s disease (AD) can increase both medical care and long-term care (LTC) costs, but the latter are
frequently neglected in estimates of AD’s economic burden.
Objective: To elucidate the economic burden of new AD cases in Japan by estimating patient-level medical care and LTC
expenditures over 3 years using a longitudinal database.
Methods: The study was performed using monthly claims data from residents of 6 municipalities in Japan. We identified
patients with new AD diagnoses between April 2015 and March 2016 with 3 years of follow-up data. Medical care and LTC
expenditures were estimated from 1 year before onset until 3 years after onset. To quantify the additional AD-attributable
expenditures, AD patients were matched with non-AD controls using propensity scores, and their differences in expenditures
were calculated.
Results: After propensity score matching, the AD group and non-AD group each comprised 1748 individuals for analysis
(AD group: mean age ± standard deviation, 81.9 ± 7.6 years; women, 66.0%). The total additional expenditures peaked at
$1398 in the first month, followed by $1192 and $1031 in the second and third months, respectively. The additional LTC
expenditures increased substantially 3 months after AD onset ($227), and gradually increased thereafter. These additional
LTC expenditures eventually exceeded the additional medical care expenditures in the second year after AD onset.
Conclusion: Although total AD-attributable expenditures peaked just after disease onset, the impact of LTC on these
expenditures rose over time. Failure to include LTC expenditures would severely underestimate the economic burden of AD.
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INTRODUCTION

In 2019, the prevalence of dementia in Japan was
24.8 persons per 1000 population, which was the
highest among the Organisation for Economic Co-
operation and Development countries [1]. Japan’s
Ministry of Health, Labour and Welfare estimated
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that there were more than 5 million people with
dementia throughout the country in 2018 [2], and
this prevalence continues to rise [3]. Accordingly,
dementia—and especially Alzheimer’s disease (AD)
as its most common form—has grown to become one
of Japan’s most pressing health problems.

From the economic perspective, dementia and AD
are distinct from many other major health problems
in that their costs are not limited to the medical care
expenditures incurred by patients, but also encompass
high long-term care (LTC) costs borne by patients,
caregivers, and society. A systematic review of cost-
of-illness studies identified LTC as a major cost driver
in dementia care [4], which highlights the importance
of including this cost component in disease burden
estimates. Although previous studies have assessed
the economic impact of dementia and AD [5, 6], many
of these studies are constrained by issues such as
the non-inclusion of LTC expenditures [7–11], short
follow-up periods [7, 8, 12, 13], small sample sizes
[12, 13], and lack of comparisons with persons with-
out dementia or AD [13, 14]. Therefore, the following
questions remain unanswered: “What are the addi-
tional AD-attributable expenditures for AD patients
when compared to persons without AD?”, “What
are the long-term changes in these additional expen-
ditures after AD onset?”, and “What proportions
of these additional expenditures are represented by
medical care expenditures and LTC expenditures?”.
Answering these questions may help to provide more
accurate cost estimates that can be used in cost-
effectiveness analyses of prevention and management
programs.

Despite the high prevalence of AD in Japan [1–3],
there have been no longitudinal estimates of its
economic burden over several years that include LTC-
related expenditures. In 2000, Japan developed an
LTC Insurance system to alleviate the economic bur-
den of extended caregiving for chronic conditions
such as dementia [15]. This system covers LTC ser-
vices (e.g., long-term preventive care services and
assistance with activities of daily living) provided
over extended periods of time at patients’ homes
and LTC facilities. Under the LTC Insurance system,
claims data are produced for a wide range of LTC
services, which can be used to calculate LTC expen-
ditures. Japan also utilizes National Health Insurance
and Latter-Stage Elderly Healthcare systems that
cover the provision of medical care services (e.g.,
inpatient/outpatient care), and the associated claims
data can be used to calculate medical care expen-
ditures. Claims data from these insurance systems

can be analyzed together to generate more detailed
and inclusive estimates of AD’s economic burden in
Japan. In addition, these claims data include vari-
ous information (e.g., sex, age, comorbidities, and
care needs) that can be used to match AD patients
and non-AD controls through propensity scores for
AD occurrence. This would enable the formation and
analysis of comparable groups while reducing the risk
of selection bias.

This study aimed to quantify the additional med-
ical care and LTC expenditures attributable to new
AD onset in Japan by comparing propensity score–
matched AD patients and non-AD controls using
claims data. In order to ascertain the changes in these
additional expenditures over time, the subjects were
tracked for 3 years after AD onset.

METHODS

Study database

This study was conducted using a database
produced by the Longevity Improvement & Fair Evi-
dence (LIFE) Study. The LIFE Study is a longitudinal
cohort study that collects and links administrative
claims data and health checkup data of resi-
dents in participating municipalities. The database
included information from National Health Insur-
ance enrollees (comprising mainly retirees aged ≤74
years, self-employed people, non-regularly employed
people, and primary industry workers), Latter-Stage
Elderly Healthcare system enrollees (comprising
all residents aged ≥75 years), and LTC Insurance
enrollees (comprising residents aged ≥65 years with
certified care needs and residents aged 40–64 years
with a debilitating disease such as dementia) from
April 2015 onward. The National Health Insurance
and Latter-Stage Elderly Healthcare systems cover
medical care services, and the LTC Insurance system
covers LTC services. The number of municipalities
participating in the LIFE Study varies at the monthly
level.

The study was approved by the Kyushu Univer-
sity Institutional Review Board for Clinical Research
(Approval no. 2019-045).

Study subjects

The study subjects were selected from the National
Health Insurance enrollees, Latter-Stage Elderly
Healthcare System enrollees, and LTC Insurance
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enrollees residing in 6 LIFE Study municipalities
(designated Cities A to F) that were able to con-
sistently provide data over the study period. All 6
municipalities were located in Fukuoka Prefecture,
Japan.

We first identified candidate subjects with a re-
corded diagnosis of AD (International Classification
of Diseases, 10th Revision code: G30) in their med-
ical care claims data between April 2016 and March
2017. The first recorded AD diagnosis of each patient
during this period was designated his/her index diag-
nosis. Subsequently, we identified new AD cases as
patients without any previous diagnosis of AD within
6 months before the index diagnosis.

Outcomes

The primary outcome measures were medical care
expenditures and LTC expenditures. These expendi-
tures were calculated based on each subject’s total
expenditures (including both insurer reimbursements
and patient out-of-pocket copayments) for the use of
medical care services and LTC services. The cost
components of medical care expenditures and LTC
expenditures are listed in Supplementary Table 1.

The secondary outcome measures were the cost
component–specific expenditures for medical care
and LTC expenditures. Medical care expenditures
were divided into hospitalization/consultation expen-
ditures, drug expenditures, procedure/surgery expen-
ditures, test expenditures, and other expenditures
(e.g., meals and dental care). LTC expenditures were
divided into care planning expenditures, residence
expenditures, facility expenditures, preventive care
expenditures, community-based care expenditures,
and other expenditures (e.g., home modifications
for disabilities and rental/purchase of assistive tech-
nology devices). Under Japan’s healthcare system,
providers are reimbursed according to a prospec-
tive payment system that determines comprehensive
payments based on patients’ diagnosis groups. This
places fixed limits on reimbursements regardless of
the actual quantity of care provided (e.g., number of
blood tests) in inpatient and outpatient settings. For
this reason, the simple summation of expenditures
for individual components does not always match the
actual total expenditures. Therefore, we calculated
the share of each component by setting that com-
ponent’s expenditure as the numerator and setting
the combined total expenditures of all components
in medical care or LTC as the denominator.

Statistical analysis

This analysis sought to quantify the additional
medical care and LTC expenditures associated with
new AD onset, and to track the monthly changes in
these expenditures over the 3-year follow-up period.
To do so, the AD patients (i.e., individuals who
developed AD between April 2016 and March 2017)
were matched with non-AD controls (i.e., individu-
als who did not develop AD between April 2016 and
March 2017) using propensity scores, and their dif-
ferences in medical care and LTC expenditures were
calculated. These differences were considered to be
additional expenditures attributable to AD onset.

The propensity scores were calculated for AD
patients and non-AD controls using a logistic regres-
sion model with the following covariates based on
data from 2015: age, sex, income level, presence/
absence of 8 major comorbidities (cardiovascular
disease, cerebrovascular disease, diabetes, cancer,
hypertension, pulmonary disease, bone fracture, and
arthritis), care needs level, and the pre-AD medi-
cal care and LTC expenditures from April 2015 to
March 2016 (both the unadjusted values and squared
values of these expenditures were included as covari-
ates). In Japan, residence tax is based on income,
and persons from households with low income lev-
els are exempted from paying this tax. Although
our database did not include actual income data,
it specified patients with this tax exemption. Using
this information, subjects were categorized into low-
income individuals (i.e., persons from households
with residence tax exemptions) and non–low-income
individuals (i.e., all others). Care needs level were
categorized into 6 levels (comprising a support
needs level and 5 care needs levels; Supplemen-
tary Table 2) as recorded in the claims data, with
each patient’s level certified by a municipal-based
approval board. We then performed 1:1 matching
between AD patients and non-AD controls without
replacement using a caliper width of 0.25 standard
deviations of the logit of each propensity score. Stan-
dardized differences were used to test for balances
between the case and control groups. Studies have
proposed absolute standardized differences of less
than 0.10 and 0.25 to assess covariate balance after
propensity score matching [16, 17]. In this study, we
used absolute standardized differences below 0.10 to
determine covariate balance between the groups.

In each AD patient, the month of AD onset was
set as the index month indicating the start of follow-
up. Each non-AD control used the same index month
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Table 1
Baseline characteristics of the Alzheimer’s disease (AD) patients and non-AD controls in 2015a

Before Matching After Matching

Non-AD AD Standardized Non-AD AD Standardized
(n = 172,103) (n = 1,848) Difference (n = 1,748) (n = 1,748) Difference

Age, y 58.4 [22.8] 82.1 [7.6] 1.397 82.2 [7.9] 81.9 [7.6] –0.051
Women 94,506 (54.9%) 1,232 (66.7%) 0.242 1,182 (67.6%) 1,154 (66%) –0.034
Low income 6,339 (3.6%) 141 (7.6%) 0.171 114 (6.5%) 135 (7.7%) 0.047
Comorbidities

Cardiovascular disease 13,965 (8%) 382 (20.7%) 0.364 328 (18.8%) 357 (20.4%) 0.042
Cerebrovascular disease 20,821 (11.9%) 624 (33.8%) 0.533 560 (32%) 582 (33.3%) 0.027
Diabetes 29,357 (16.7%) 441 (23.9%) 0.169 449 (25.7%) 411 (23.5%) –0.05
Cancer 2,696 (1.5%) 23 (1.2%) –0.027 14 (0.8%) 22 (1.3%) 0.045
Hypertension 58,442 (33.3%) 1,163 (62.9%) 0.606 1,077 (61.6%) 1,093 (62.5%) 0.019
Pulmonary disease 5,780 (3.3%) 155 (8.4%) 0.215 121 (6.9%) 146 (8.4%) 0.054
Bone fracture 3,683 (2.1%) 147 (8%) 0.268 131 (7.5%) 134 (7.7%) 0.006
Arthritis 4,789 (2.7%) 89 (4.8%) 0.106 88 (5%) 80 (4.6%) –0.021

Medical expenditures from Apr 2015
to Mar 2016

4,147 [11,002] 7,835 [13,018] 0.298 6,914 [11,153] 7,747 [12,676] 0.07

Long-term care expenditures from
Apr 2015 to Mar 2016

644 [3,768] 4,132 [8,743] 0.516 3,275 [8,035] 4,016 [8,680] 0.089

Care needs level
None 165,827 (94.4%) 1,233 (66.7%) –0.742 1,277 (73.1%) 1,187 (67.9%) –0.113
Support Needs Level 3,038 (1.7%) 142 (7.7%) 0.282 137 (7.8%) 132 (7.6%) –0.011
Care Needs Level 1 1,411 (0.8%) 146 (7.9%) 0.352 99 (5.7%) 131 (7.5%) 0.074
Care Needs Level 2 1,664 (1%) 121 (6.6%) 0.297 86 (4.9%) 111 (6.4%) 0.062
Care Needs Level 3 1,269 (0.7%) 82 (4.4%) 0.235 47 (2.7%) 73 (4.2%) 0.082
Care Needs Level 4 1,463 (0.8%) 74 (4%) 0.206 59 (3.4%) 65 (3.7%) 0.019
Care Needs Level 5 1,024 (0.6%) 50 (2.7%) 0.167 43 (2.5%) 49 (2.8%) 0.021

aBefore AD onset in the AD patients. Age and expenditures are presented as mean [standard deviation]. All other values are presented
as n (%).

as their matched AD patient. The total medical care
expenditures and total LTC expenditures were calcu-
lated for the 3-year period beginning from this index
month. In cases where an AD patient or non-AD con-
trol moved out from their original municipality of
residence or died during the follow-up period, their 3-
year expenditures were calculated with expenditures
set to 0 yen from the month of either event. However,
medical care can increase substantially in the period
immediately preceding death, which may skew these
expenditure estimates. Therefore, we also conducted
a sensitivity analysis that excluded matched pairs in
which either the AD patient or non-AD control had
died during the follow-up period.

All expenditures were converted from Japanese
yen to US dollars using the purchasing power par-
ity rate in 2019 ($1 = �103.0). Statistical analyses
were performed using Stata Release 15.1 (StataCorp,
College Station, TX, US). Two-tailed p values below
0.05 were considered significant.

RESULTS

We first identified 1,848 patients who received new
diagnoses of AD between April 2016 and March

2017 in the 6 study municipalities. Of these, 1,748
AD patients were successfully matched with non-
AD controls using the propensity scores. The baseline
characteristics of the AD and non-AD groups before
and after propensity score matching are shown in
Table 1. After propensity score matching, the mean
(standard deviation) ages of the AD and non-AD
groups were 81.9 (7.6) years and 82.2 (7.9) years,
respectively. The sample included 31 patients aged
45–64 years with early-onset AD. In the AD group,
66% were women, 7.7% were designated low-income
individuals, and 62.5% had hypertension. In addition,
67.9% of the AD group did not have any care needs
certification in 2015. The absolute standardized dif-
ferences of almost all covariates were below 0.1, with
the absolute standardized difference of “care needs
level: none” marginally higher at 0.113. This showed
that there were almost no significant differences in
baseline characteristics between the AD and non-AD
groups after propensity score matching. The distribu-
tion of AD patients across the 6 municipalities was as
follows: 167 patients (9.6%) in City A, 278 patients
(15.9%) in City B, 242 patients (13.8%) in City C,
264 patients (15.1%) in City D, 347 patients (19.9%)
in City E, and 450 patients (25.7%) in City F. A total
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Fig. 1. Trends in monthly expenditures in Alzheimer’s disease (AD) patients and non-AD controls. The graphs show the monthly (A) medical
care expenditures and (B) long-term care expenditures from 12 months before and 36 months after the index month. The black bars indicate
the expenditures for AD patients and the gray bars indicate the expenditures for non-AD controls. The dashed line indicates the index month
in which an AD patient was newly diagnosed with AD. Each non-AD control used the same index month as their matched AD patient.

of 325 AD patients (18.6%) and 212 non-AD con-
trols (12.1%) died during the 3-year follow-up period
beginning from the index month.

Figure 1 shows the trends in monthly medical
care and LTC expenditures for the AD and non-AD
groups. The medical care expenditures (Fig. 1A) in
the AD group peaked in the first (index) month after
AD onset ($1985), but decreased over the second
($1758), third ($1545), and fourth ($1454) months.
These expenditures generally continued to decrease

until the 21st month and stabilized thereafter. We also
observed a steady increase in medical care expen-
ditures in the year before AD onset, with large
increases 2 months ($1038) and 1 month ($1325)
before the index month. In contrast, the non-AD
group did not exhibit any notable changes in med-
ical care expenditures over the study period, with
monthly expenditures stable at approximately $650.
For LTC expenditures, the AD group showed a grad-
ual increase in expenditures in the year before AD
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onset (Fig. 1B). These expenditures increased sub-
stantially in the third ($522), fourth ($558), and fifth
($587) months after AD onset. Thereafter, the LTC
expenditures generally continued to increase until the
end of the follow-up period. In contrast, the non-
AD group did not exhibit any large changes in LTC
expenditures over the study period, with monthly
expenditures stable at approximately $290. Overall,
the AD group had higher medical expenditures and
LTC expenditures than the non-AD group over most
of the study period.

The annual additional medical care and LTC
expenditures for AD patients in the 3 years after AD
onset are provided in Table 2. These expenditures
are also presented according to sex and age category.
The mean annual additional medical care expendi-
tures (95% confidence intervals) were $7280 ($6192–
8367) in the first year, $3528 ($2505–4551) in the sec-
ond year, and $3292 ($2295–4290) in the third year.
There was a significant decrease in these expenditures
from the first to second year (p < 0.05). The mean
annual additional LTC expenditures (95% confidence
intervals) were $3398 ($2871–3925) in the first year,
$4589 ($3992–5185) in the second year, and $4561
($3919–5203) in the third year. There was a signif-
icant increase in these expenditures over the 3-year
period. Across all age groups, the additional medical
care expenditures were higher in women, whereas the
additional LTC expenditures were higher in men. For
the sensitivity analysis, we excluded 1423 matched
pairs in which either the AD patient or non-AD con-
trol had died during the follow-up period. After these
exclusions, the mean annual additional medical care
expenditures (95% confidence intervals) were $5594
(4493–6695) in the first year, $3126 (2050–4202) in
the second year, and $4923 (3774–6071) in the third
year. The mean annual additional LTC expenditures
(95% confidence intervals) were $3338 (2772–3904)
in the first year, $5655 (5000–6311) in the second
year, and $6527 (5812–7241) in the third year.

The monthly trends in additional medical care and
LTC expenditures attributable to AD are shown in
Fig. 2. When compared with the non-AD controls,
the AD patients had additional medical care expendi-
tures of $1268 in the first month following AD onset,
$1034 in the second month, and $804 in the third
month (Fig. 2A). The additional LTC expenditures
increased substantially in the third month after AD
onset, with $227 in the third month and $258 in the
fourth month; these additional LTC expenditures con-
tinued to increase gradually thereafter (Fig. 2B). The
additional LTC expenditures eventually exceeded the
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Fig. 2. Trends in monthly additional expenditures attributable to Alzheimer’s disease (AD) in AD patients. The graphs show the monthly
additional (A) medical care expenditures, (B) long-term care expenditures, and (C) medical care and long-term care expenditures in AD
patients from 12 months before and 36 months after the index month. Month 1 indicates the index month in which an AD patient was newly
diagnosed with AD.

additional medical care expenditures 11 months after
AD onset. The total additional medical care and LTC
expenditures were highest at $1398 in the first month

following AD onset. This decreased to $1192 in the
second month and $1031 in the third month. Further-
more, the total additional expenditures were observed
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Fig. 3. Breakdown of monthly expenditures according to cost component in Alzheimer’s disease (AD) patients. The graphs show the
breakdown of monthly (A) medical care expenditures and (B) long-term care expenditures according to cost component in AD patients from
12 months before and 36 months after the index month. Month 1 indicates the index month in which an AD patient was newly diagnosed
with AD.

to increase in the month ($742) before AD onset
(Fig. 2C). However, there were no large changes in
total additional expenditures from the sixth month
onward, with monthly additional expenditures stable
at approximately $687.

Figure 3 shows the breakdown of monthly compo-
nent-specific expenditures among the AD patients.
Expenditures for tests accounted for a large propor-
tion (26.2%) of medical care expenditures in the
first month after AD onset (Fig. 3A). The propor-
tion of expenditures incurred by hospitalizations/

consultations increased substantially before and after
AD onset. In the breakdown of LTC expenditures,
the proportion of expenditures incurred by preven-
tive care decreased following AD onset, whereas
community-based care accounted for a larger pro-
portion of these expenditures (Fig. 3B).

DISCUSSION

In this study, we quantified the additional med-
ical care and LTC expenditures attributable to AD



H. Fukuda et al. / Costs of Alzheimer’s Disease: LIFE Study 815

over 3 years in patients from 6 Japanese munici-
palities.

This study has two major findings. First, we calcu-
lated the additional expenditures attributable to AD
by comparing propensity score–matched AD patients
and non-AD controls. Previous studies have produced
estimates on AD-attributable expenditures by com-
paring AD and non-AD groups after adjusting for
variations in preexisting conditions [7], using ordi-
nary least squares regression models [8, 10, 12], using
generalized linear models [13], using two-part mod-
els [11], and using propensity score matching [9].
As healthcare-related expenditures have complex dis-
tributions, the inappropriate selection of regression
models can lead to substantial errors in estimates.
For this study, we used propensity score matching to
avoid these potential problems, which was the same
approach employed by Lin et al. [9]. Second, we
found that the mean annual additional medical care
expenditures peaked at $7280 in the first year but
decreased to $3528 in the second year and $3292 in
the third year. In contrast, the mean annual additional
LTC expenditures rose from $3398 in the first year
to $4589 and $4561 in the second and third years,
respectively. Our findings that medical care expen-
ditures peaked in the first year after AD onset and
decreased thereafter are concordant with previous
studies that had follow-up durations exceeding 1 year.
In an analysis of 25,916 patients over 2 years, Lin et
al. reported an increase of $17,852 in the first year
after disease onset, which then dropped by over 50%
($7327) in the second year [9]. Similarly, White et
al. reported large reductions in dementia-attributable
expenditures over time, with $7264 in the first year,
$4241 in the second year, $2520 in the third year,
$1302 in the fourth year, and $377 in the fifth year
after disease onset [11]. Our results also showed that
additional LTC expenditures exceeded the additional
medical care expenditures in the second year after
AD onset. This supports the findings of a systematic
review that home-based LTC and nursing home ser-
vices accounted for more than half of all dementia
costs [4]. Our study provides novel insight in that
it compared both the medical care expenditures and
LTC expenditures in a total of 3496 AD and non-AD
patients over 3 years in Japan.

Furthermore, this study also examined the AD-
attributable expenditures according to sex and age.
Additional medical care expenditures were found to
be higher in men among all patients aged ≤79 years
and in women among all patients aged ≥80 years.
This suggests that the age-related mortality risks

differed between the sexes. In addition, our results
indicated that medical care expenditures were higher
in younger patients, which was consistent with the
findings of Taylor and Sloan [10]. In contrast, Ku et
al. found no significant association between age and
medical care expenditures [13]. White et al. reported
that medical care expenditures tend to be higher in
women, and their results also suggested that this sex
difference was due to a differential mortality risk [11].
Among men aged ≥90 years, non-AD controls had
higher LTC expenditures than AD patients, although
this difference was not statistically significant. This
observation may have been influenced by the high
3-year mortality rate (39.1%) among men aged ≥90
years.

Our base case analysis included patients who had
died during the follow-up period, whereas the sen-
sitivity analysis excluded these patients. Among the
325 AD patients who died during follow-up, 159 died
in the first year, 110 died in the second year, and 39
died in the third year. Among the 212 non-AD con-
trols who died during follow-up, 89 died in the first
year, 82 died in the second year, and 41 died in the
third year. When compared with the sensitivity anal-
ysis, the base case analysis showed higher medical
care expenditures in the first year, which may have
been due to the increased expenditures incurred at
the end of life by the large number of patients who
died. However, these patients would no longer incur
any expenditures after death, which would explain
why the base case analysis produced lower medical
care expenditures in the third year than the sensitivity
analysis. In contrast, LTC expenditures typically do
not increase at the end of life, which may have influ-
enced the lower estimates of the base case analysis
for the second and third years.

This study had 4 limitations. First, we could not
perform assessments according to different levels of
disease severity. While previous studies have used
the Clinical Dementia Rating [18] or Mini-Mental
State Examination [19] to account for variations in
dementia severity, our claims database did not con-
tain this information. As our study focused on patients
who had just begun treatment for newly diagnosed
AD, it is possible that our subjects included a high
proportion of patients with relatively mild symp-
toms. Second, the study was conducted using data
from 6 municipalities in Fukuoka Prefecture, Japan,
and our findings may have limited generalizability to
other populations. Nonetheless, the trends in medi-
cal care and LTC expenditures were largely similar
across all 6 municipalities. Although the study cohort
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accounted for 3.07% of the available population, the
cohort from City F only comprised 1.11% of its pop-
ulation. A study from another municipality in the
same prefecture reported a dementia prevalence of
12.2% [3], indicating that our study cohort may be an
underrepresentation of the target population. Because
our subjects were limited to patients whose claims
data showed records of AD treatments, they did not
include cases with mild cognitive impairment pre-
ceding AD and cases with latent AD that have yet
to be diagnosed at a medical institution. The absence
of such cases could account for our seemingly low
AD prevalence. Third, although our study incorpo-
rated LTC expenditures, we were unable to examine
all components of informal care costs. The establish-
ment of the LTC Insurance system in Japan led to
decreases in the informal care costs of family care-
givers [15], which suggests that LTC expenditures
may represent a portion of these costs. Neverthe-
less, the informal care costs of AD patients’ family
members remain relatively high [14]. Therefore, the
economic burden of AD in Japan should be assessed
using both the results of this study and Nakanishi
et al. [14]. Finally, our sample did not include any
early-onset AD patients aged below 45 years. How-
ever, there were no patients aged 40–44 years in our
sample even though they were covered in the inclu-
sion criteria. Therefore, it is unlikely that the number
of younger patients with AD would affect our obser-
vations.

Despite the above limitations, our study presents
important cost data that can be utilized in cost-
effectiveness analyses when developing and imple-
menting interventions for AD prevention and care. In
addition to these cost data, cost-effectiveness analy-
ses also require information on the effectiveness of
each intervention. While the effectiveness of vari-
ous interventions has been assessed through clinical
research and other analyses, there is a lack of compre-
hensive cost data that incorporate both medical care
and LTC expenditures, especially in Japan. Moreover,
our cost estimates are presented according to sex, age,
and year after onset; and could therefore be applied to
cost-effectiveness analyses in a diverse range of set-
tings. Our findings that LTC expenditures surpassed
medical care expenditures in the second year after
AD onset may be particularly useful as this allows
for the consideration of major shifts in costs over
time. Japan’s official guidelines for cost-effectiveness
evaluations of drugs and medical devices (which
guide their price schedules) are based on medi-
cal care expenditures without consideration to LTC

expenditures [20]. As a result, the costs of LTC
services have generally been neglected in Japan’s
healthcare policies despite their heavy impact. Our
results highlight the need to include LTC expen-
ditures when calculating the economic burden of
diseases such as dementia and AD.

Conclusion

The total additional medical care and LTC expen-
ditures attributable to AD onset were highest in
the month following AD diagnosis, and gradually
decreased for several months before stabilizing. How-
ever, the additional LTC expenditures exceeded the
additional medical care expenditures in the second
year after AD onset. These findings underscore the
importance of including LTC expenditures when
quantifying the economic burden of AD in real-world
settings.
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