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Abstract.

Background: As the number of patients with dementia increases, so do the social costs. In recent years, attempts have been
made to reduce risk to be dementia and treat it from the early stages of the disease, making it important to estimate the costs
of the early stages.

Objective: To estimate the medical and social costs of the early stages of Alzheimer’s disease (AD), which include mild
cognitive impairment (MCI) due to AD and mild AD.

Methods: Questionnaires were used to obtain basic information (e.g., age, cognitive function) and medical costs, social care
costs, family caregiver medical costs, and family caregiver informal care costs from patients with MCI due to AD or mild
AD who were attending a memory clinic. A comparison was then conducted between these two groups.

Results: Patients with mild AD had higher total costs, patient medical costs, patient social care costs, and family caregiver
informal care costs than did patients with MCI; however, only patient medical costs were significantly different (p =0.022).
A detailed analysis of patient medical costs revealed that anti-dementia drug treatment costs were significantly higher in
patients with mild AD (p <0.001).

Conclusion: Compared with patients with mild AD, those with MCI may have lower patient and family caregiver costs. As
it is important to reduce social costs through risk reduction and therapeutic interventions from the early stages of AD, the
present findings could help estimate the social costs and verify the cost-effectiveness of early interventions for AD.
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INTRODUCTION
Because of the rapid aging of society, the number
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society in the world, the numbers of people with
dementia and MCI were estimated to be 4.6 million
and 4.0 million, respectively, in 2012 [2]. Among
the diseases that cause dementia, Alzheimer’s dis-
ease (AD), a progressive neurodegenerative disease,
is the most common, reportedly accounting for up to
70% of all dementia cases [3].

The impact of AD on patients and family caregivers
includes decreased quality of life (QoL), a substan-
tial burden of illness, and high medical and long-term
care costs [4]. Along with increased medical costs due
to dementia and age-related comorbidities, family
caregivers of such patients have reported a sig-
nificantly increased risk of comorbidities such as
depression, insomnia, anxiety, and pain, decreased
QoL, significant reductions in productivity, and the
increased use of social resources [4]. Therefore, the
burden on patients with AD and their family care-
givers could be predicted to lead to the increased
use of social resources overall. The burden of unpaid
care, or informal care, by family members and others
close to the patient with AD also predicts the magni-
tude of the associated costs. Therefore, research on
the economic burden due to dementia has been vig-
orously conducted [5—-11]. A study in Japan found
that the total social cost of dementia in 2014 was an
estimated 14.5 trillion yen, with informal care costs
accounting for 40% of that amount, or an estimated
6.2 trillion yen [2]. In 2015, the medical and social
costs of dementia care worldwide, including the cost
of directly caring for people with dementia and eco-
nomic losses such as those resulting from family
caregivers taking time off work to provide care, were
estimated to be 1 trillion USD [12].

To address the socioeconomic challenges asso-
ciated with the increasing prevalence of AD, data
on the use and costs of AD-related social resources
are needed. As the disease progresses, patients and
their family caregivers are likely to require additional
medical care services. Non-pharmacological inter-
ventions that seek to reduce the risks associated with
MCI and earlier disease stages have recently been
developed [13, 14], as have AD drugs that help slow
disease progression from the early stages, including
MCI [15, 16], and the medical and social care costs
associated with these early stages are expected to be
identified. However, to date, studies on the medical
care costs associated with MCI and mild AD have
been limited [17].

Therefore, the present study aimed to evaluate and
compare the economic burden of MCI and mild AD
in terms of patient medical costs, social care costs,

family caregiver medical costs, and informal costs
related to patient care.

MATERIALS AND METHODS
Farticipants

The study participants were patients with MCI due
to AD (hereinafter abbreviated as MCI) and mild AD
who were attending a memory clinic at Fujita Health
University Hospital and were age 55-85 years at the
time of providing informed consent. A clinical diag-
nosis of MCI or mild AD was made using the National
Institute on Aging-Alzheimer’s Association diagnos-
tic criteria [18, 19]. In principle, MCI was defined as
a Mini-Mental State Examination (MMSE) score of
24-30 points and a Clinical Dementia Rating (CDR)
of 0.5, and mild AD as an MMSE score of 20-26
points and a CDR of 1.0. In addition to the MMSE and
CDR, WMS-R logical memory test (immediate and
delayed), executive function tests, visuospatial cogni-
tive tests, and questions about instrumental activities
of daily living (IADLs) were also administered. Fam-
ily caregivers were defined as those responsible for
the informal care of the patient, i.e., the patient’s fam-
ily or close associates providing unpaid care, rather
than remunerated care provided by a professional.
The family caregiver is also the person who makes
routine decisions for the patient as needed and bears
most of the responsibility for providing home care.
This study was approved by the ethics committee
of Fujita Health University (HM18-372), and writ-
ten informed consent was obtained from all study
participants.

A survey was conducted between February 2019
and February 2020. The number of study participants
was assumed to follow an exponential distribution of
costs, and as a result, 43 patients each with MCI and
mild AD were estimated to be needed for statisti-
cal analysis. However, 33 patients with MCI and 34
with mild AD were finally enrolled during the study
period.

Evaluation method

To assess the economic burden on patients with
MCI and mild AD quantitatively, it was necessary
to obtain information from patients and their fam-
ily caregivers regarding the utilized medical services
and types of social care. Therefore, the Resource
Utilization in Dementia (RUD) questionnaire, which
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is an internationally standardized instrument for
calculating costs [20], was used in the present
study.

The following items were assessed in interviews
conducted with patients and their family caregivers
after obtaining consent. Items related to the patients
included basic attributes such as age and gender,
cognitive function as evaluated using the MMSE,
CDR, the use of anti-dementia medications, infor-
mation on comorbidities and medications, support
from the long-term care insurance system, and out-
of-pocket costs. Items related to the family caregivers
included age, gender, relationship with the patient,
whether they lived with the patient, whether they
were engaged in paid work, their own medical vis-
its and comorbidities, the time needed to support the
patients’ activities of daily living and IADLs, and the
time needed to look after the patients.

From the above items, the average costs for patients
and family caregivers over the last 30 days were esti-
mated in a manner similar to previous studies in
Japan [21]. The costs for patients and family care-
givers were estimated for each patient by applying
the average unit cost of Japan-specific services to the
obtained information on the use of medical resources
and additional data collected on treatments such as
medications, the long-term care insurance system,
and out-of-pocket costs [21]. Costs were divided into
four cost components; the patient’s medical costs
(e.g., outpatient visits, medications) related to the
patient’s AD and comorbidities; the patient’s social
care costs, including home care and day care services;
the caregiver informal care costs which is estimated
from contribution of family caregivers, including
time spent caring for the patient. Caregiver informal
care costs were also estimated the value of lost pro-
duction time; the caregiver health care cost which is
needed for the treatment of family caregivers’ comor-
bidities. In 2019, the average exchange rate of US $1
was 109.0 yen.

Statistical analysis

Descriptive statistics (e.g., mean, standard devi-
ation [SD], prevalence rates) were used for the
participants’ basic characteristics. Mean costs were
calculated and compared between patients with MCI
and mild AD. Differences in parameters among the
groups were compared using the Mann—Whitney U
test. The chi-square test was used for categorical vari-
ables. To identify outliers, we used a box-and-whisker
plot and confirmed the presence of some outliers.

However, in these cases, it appears that the main
causes were not abnormal values or incorrect inputs,
but rather individual differences and variations in the
use of care services and daily life. Specifically, one
caregiver for an MCI patient was recorded as pro-
viding 12 hours of supervision. In contrast, the other
participants in this study spent less than 2 hours on
supervision for both MCI and mild AD. Neverthe-
less, after considering the rule of filling up the RUD,
which considers the time spent on sleeping and other
factors, we deemed the family member’s supervision
time acceptable. To ensure the robustness of our con-
clusions, we performed statistical calculations for the
main part of the study, excluding this individual, and
found no significant changes in the results. SPSS
Statistics for Windows (version 27; IBM, Armonk,
NY, USA) was used for all statistical analyses, with
the level of significance set at 0.05.

RESULTS
Demographic characteristics of participants

The mean age &+ standard deviation of the MCI
group (n=33) was 79.1 4.9 years, with a mean
MMSE score of 24.9 £ 2.0, and the mean age of the
mild AD group (n=34) was 81.9 & 5.4 years, with a
mean MMSE score of 21.3 + 2.4. No significant dif-
ference in the gender ratio or educational background
was found between the two groups. Regarding the
type of residence, most of the patients with MCI lived
alone or cohabited with a spouse, while the patients
with mild AD often cohabited with a spouse and chil-
dren; however, no statistically significant differences
were found between the two groups. In addition, no
significant differences in visits to hospitals or clinics
or in the presence or number of comorbidities were
observed between the two groups. Anti-dementia
drug treatment was significantly more common in
the patients with mild AD. The number of people
treated with anti-dementia medications was 18 with
donepezil, 10 with galantamine, 3 with rivastigmine,
and 2 with memantine in mild AD, one of whom
was using both donepezil and memantine; in MCI
it was 1 with donepezil and 6 with galantamine. No
difference in psychotropic drug treatment was found
between the two groups. Moreover, no significant dif-
ferences in the certification of long-term care needs
or the use of long-term care services were observed
(Table 1).
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Table 1
Basic characteristics of the patients with MCI and mild AD in the present study
MCI (n=33) Mild AD (n=34) P

Age, mean (SD) 79.1 (4.9) 81.9 (5.4) 0.035
Female, n (%) 19 (57.6) 20 (58.8) 0.918
Education, n (%)

<12y 24 (72.7) 25 (73.5) 0.941

>12y 9(27.3) 9(26.5)
Marital status

Married/cohabiting, n (%) 18 (54.5) 24 (70.6) 0.175
Living situation, n (%)

Living alone 7(21.2) 4(11.8) 0.078

With spouse 16 (48.5) 14 (41.2)

With spouse and child 1(3.0) 9(26.5)

With child 8(24.2) 7 (20.6)

Other 1(3.0) 0(0.0)
Hospital/clinic visit, yes (%) 30 (90.9) 27 (79.4) 0.187
GP clinic visit, mean (SD) 2.6 (1.8) 2.124) 0.413
Comorbidity, yes (%) 25 (78.8) 26 (76.5) 0.82
Numbers of comorbidities, mean (SD) 1.6 (1.1) 1.2 (1.0) 0.128
MMSE, mean (SD) 24.9 (2.0) 21.3(2.4) <0.001
AD treatment, yes (%) 7(21.2) 32 (94.1) <0.001
Treatment with psychotropic drugs, yes (%) 12 (36.4) 6 (17.6) 0.084
LTClI-certified, n (%) 12 (36.4) 15 (44.1) 0.518
LTCI level

Independent, n (%) 21 (63.6) 20 (58.8) 0.804

Support level 1, n (%) 4(12.1) 4(11.8)

Support level 2, n (%) 1(3.0) 0(0.0)

Care level 1, n (%) 6(18.2) 8 (23.5)

Care level 2, n (%) 1(3.0) 2(5.9)
Social care service use, n (%) 721.2) 13 (38.2) 0.128
Day care use hours/month, mean (SD) 1.6 (3.7) 3.0(4.9) 0.121

Data are presented as mean (SD) or n (%). Differences in parameters among groups were compared using the
Mann—Whitney U test. The chi-squared test was used for categorical variables. MCI, mild cognitive impairment;
AD, Alzheimer’s disease; GP, general physician; MMSE, Mini-Mental State Examination; LTCI, long-term care

insurance; SD, standard deviation.

Attributes and care-related time allocation of
family caregivers

Regarding the attributes of the family caregivers,
no significant differences in age, gender, relation-
ship, number of family members caring for the patient
other than themselves, or percentage of contribution
to care were found. In addition, about 70% of the
family caregivers lived together with the patient; no
significant differences were found between the two
groups. No significant differences in the percent-
age of family caregivers with paid work, the amount
of time worked, or the reasons that they stopped
working were found. In addition, no significant dif-
ferences in the numbers of hospital visits by family
caregivers or comorbidities of them were observed
between the two groups. In terms of the time spent
with the patient, the family caregivers of patients with
mild AD spent more time supporting [ADLs and less

time spent looking after the patient, but no signifi-
cant differences were found between the two groups
(Table 2).

Medical and care cost analysis

Based on the above data, patient medical costs,
patient social care costs, family caregiver medical
costs, family caregiver informal care costs, and total
costs were calculated. The total costs, patient medical
costs, patient social care costs, and family caregiver
informal care costs were higher for the mild AD
than for the MCI group; however, only patient medi-
cal expenses showed a significant difference between
groups (Table 3, Fig. 1A). A more detailed assessment
of patient medical costs revealed that anti-dementia
drug treatment costs were significantly higher in
the mild AD than in the MCI group. However, no
significant difference in psychotropic medication or
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Table 2
Basic characteristics of the family caregivers of patients with MCI and mild AD
MCI (n=33) Mild AD (n=34) p

Age, mean (SD) 64.9 (12.3) 66.6 (12.0) 0.581
Female, n (%) 25 (75.8) 27 (79.4) 0.72
Caregiver’s relation to patient, n (%)

Spouse 17 (51.5) 16 (47.1) 0.726

Child 14 (42.4) 17 (50.0)

Other 2 (6.1) 1(2.9)
Number of informal caregivers, n (%)

0 18 (54.5) 14 (41.2) 0.241

1 9(27.3) 9(26.5)

2 3(9.1) 9 (26.5)

3 3(9.1) 1(2.9)

4+ 0(0.0) 1(2.9)
Contribution to care, n (%)

0-20 1(3.0) 4(11.8) 0.308

20-40 1(3.0) 2(5.9)

40-60 5(15.2) 3(8.8)

60-80 0 (0.0) 2(5.9)

80-100 26 (78.8) 23 (67.6)
Living with patient, n (%) 23 (69.7) 24 (70.6) 0.936
Work for pay, n (%) 13 (39.4) 20 (58.8) 0.112

Working hours 11.6 (16.8) 15.5(17.7) 0.255
Reason for stopping working, n (%)

Never worked 2 (10.0) 2 (14.3) 0.942

Early retirement 1(5.0) 1(7.1)

Reached retirement age 4 (20.0) 4 (28.6)

Own health problems 4 (20.0) 2(14.3)

Other 9 (45.0) 535.7)
Hospital/clinic visit, yes (%) 28 (84.8) 27 (79.4) 0.562
Number of comorbidities, mean (SD) 1.2(1.1) 0.9 (0.9) 0.344
Time spent caring for the patient, mean (SD)

TIADL support 13.6 (26.2) 21.2 (38.6) 0.815

Supervision 12.8 (62.6) 6.0 (12.0) 0.781

Data are presented as mean (SD) or n (%). Differences in parameters among groups were compared using the
Mann—Whitney U test. The chi-square test was used for categorical variables. MCI, mild cognitive impairment;
AD, Alzheimer’s disease; IADL, instrumental activities of daily living; SD, standard deviation.

comorbidity treatment costs was observed (Table 3,
Fig. 1B).

DISCUSSION

Pharmacological and non-pharmacological inter-
ventions in the earlier stages of dementia are
becoming increasingly important, as is cost-
effectiveness when considering such interventions. In
the present study, we examined the costs associated
with MCI and mild AD. As a result, compared with
patients with MCI, those with mild AD had higher
patient medical costs, patient social care costs, fam-
ily caregiver informal care costs, and total costs, but
only patient medical costs were significantly higher.
When patient medical costs were compared between
patients with MCI and those with mild AD, more
anti-dementia medications were prescribed in mild
AD, resulting in higher patient medical costs.

In previous European and Japanese studies on the
costs of AD, family caregiver informal care costs
were found to be the highest, and differences in
patient social care costs and patient medical costs
were observed between countries [21, 22]. However,
both informal care costs for family caregivers and
social care costs for patients increased with the sever-
ity of dementia [21, 22]. Direct patient medical costs
increased with the severity of dementia in some coun-
tries, but little difference was observed by dementia
severity in Japan [21, 22]. As the ages of patients
and family caregivers were similar in the European
and Japanese studies, the different medical and nurs-
ing care service systems in each country may have
resulted in the different cost trends.

According to the present study, patient medical
costs, patient social care costs, and family caregiver
informal care costs were higher in mild AD than in
MCI, and the total costs tended to be significantly
higher. A recent study in the US found that family
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Table 3
Monthly mean cost for each of the cost components associated with MCI and mild AD
MCI (n=33) mild AD (n=34)
O Mean (SD) Mean (SD) P
Patient medical costs 14,019.1 (8,548.5) 19,131.2 (7,026.1) 0.022
Patient social care costs 17,220.1 (39,147.3) 30,879.6 (51,742.1) 0.137
Caregiver health care costs 7,573.2 (6,324.5) 8,399.8 (8,998.3) 0.791
Caregiver informal care costs 28,100.9 (62,786.4) 43,208.5 (78,489.6) 0.895
Total 66,913.3 (85,481.3) 101,619.2 (98,845.7) 0.060
Patient medical costs (detailed) Mean (SD) Mean (SD) P
Outpatient visits 7,184.6 (5,567.1) 5,529.8 (6,071.1) 0.361
Anti-dementia treatment 2,313.6 (4,530.6) 10,416.2 (3,350.2) <0.001
Antipsychotic treatment 676.4 (1,304.9) 458.8 (1,316.3) 0.115
Treatment of comorbid diseases 3,844.6 (3,722.0) 2,726.5 (2,590.8) 0.106

Data are presented as mean and SD. Differences in parameters among groups were compared using the
Mann—Whitney U test. MCI, mild cognitive impairment; AD, Alzheimer’s disease; SD, standard deviation. Monthly

mean costs are presented in Japanese yen. In 2019, the average exchange rate for 1 USD was 109.0 yen.

caregiver informal care costs and patient social care
costs were significantly higher in mild AD than in
MCI, but no significant difference in direct patient
medical costs was observed [17]. The reason for
this may be the differences between the medical and
social care systems in Japan and the US, as well as
the fact that both patients and family caregivers in
the US study were about 10 years younger and had
more comorbidities compared with the participants
in the present study. In addition, the overall medical
costs in the US are several-fold higher than those in
Japan, which may have reduced the impact regard-
ing the monetary cost of prescribing anti-dementia
medications in patients with mild AD.

In the US, the informal care costs for family care-
givers of patients with mild AD were more than
double those of patients with MCI, but in the present
study, the difference was only about 1.5 times [17].
The reason for this is thought to be the difference
between the two countries in the level of dementia
severity at which social care can be used. In Japan, at
the stage of mild AD, itis conceivable that the need for
supporting IADLs and the time spent looking after the
patient were suppressed to a certain extent by entrust-
ing patient care to long-term care insurance services,
that is, patient social care [23].

In comparison with studies in Japan, our previ-
ous study on patient social care costs and another
study using RUD showed nearly the same changes
in patient social care costs and severity [21, 23]. In
addition, the ratio and cost of patient medical costs,
patient social care costs, and informal care costs for
family caregivers of patients with mild AD in this
study using RUD showed similar trends to a previ-
ous study using RUD [21], which was considered to

indicate the validity of the present data. The results of
the present study suggest that patient social care costs
and family caregiver informal care costs may be lower
for patients with MCI than for those with mild AD
because the diagnostic criteria indicate that patients
with MCI have a greater ability to carry out IADLs.
However, no statistically significant differences in
patient social care costs or family caregiver informal
care costs were found between MCI and mild AD. We
attributed this in part to the fact that the mean age of
patients with MCI was about 80 years, and in addition
to dementia, there may be cases where IADL support
is required because of conditions such as frailty and
disabilities caused by cerebrovascular and/or mus-
culoskeletal diseases, thereby necessitating the use
of long-term care insurance services. When calculat-
ing the social costs associated with dementia in the
future, more sophisticated estimation methods may
be necessary.

This study had some limitations. First, it was
conducted at a single medical institution, so in con-
sideration of regional differences, caution is required
when generalizing the results. Second, the number
of patients who could be interviewed during the sur-
vey period was smaller than the number calculated
as statistically necessary. It is therefore desirable to
increase the numbers of participants from various
regions and medical institutions before conducting
a future study.

In the present study, MCI was associated with
higher costs than mild AD, but a significant difference
was seen only for patient medical costs. Because total
costs increase as dementia progresses to the moder-
ate and severe levels, therapeutic interventions and
risk reduction efforts in the early stages of AD are



H. Takechi and H. Yoshino / Social Costs in MCI and Mild AD 737

120,000
100,000
80,000
60,000

40,000

AN

20,000

0
MCI Mild AD

m Patient health care cost [ Patient social care cost
Caregiver health care cost B Caregiver informal care cost

(a)
25,000

20,000

15,000

10,000

5,000

0
MCI Mild AD

m Outpatient visit 8 AD treatment

m Antipsychotic treatment @ Treatment of comorbid diseases

(b)

Fig. 1. (a) Monthly mean cost for each of the four cost components
associated with MCI and mild AD. In the bar graph, patient medical
costs are filled in black, patient social care costs are indicated with
dots, family caregiver medical costs are indicated with oblique
lines, and family caregiver informal care costs are indicated with
horizontal lines. The vertical axis is in Japanese yen. In 2019,
the average exchange rate for 1 USD was 109.0 yen. (b) Monthly
mean cost for each of the four cost components among the patient
medical costs associated with MCI and mild AD. In the bar graph,
anti-dementia drug treatment costs are indicated with horizontal
lines, outpatient visits are filled in black, antipsychotic treatment
costs are filled in gray, and treatment of comorbid diseases are
indicated with dots. The vertical axis is in Japanese yen. In 2019,
the average exchange rate for 1 USD was 109.0 yen.

needed to reduce costs and resource use for people
with dementia and foster a more sustainable aging
society. The results of this study are expected to help
provide more accurate estimates of the costs and to
verify the cost-effectiveness of early interventions for
AD.
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