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ABSTRACT

Home Care Services in Universal Long-term Care Insurance and Risk
of Dementia Progression and Other Health Outcomes in Older Adults
with Dementia

Background: Since its inception in August 2008, Korea Long-Term Care Insurance (LTCI)
program has undergone expansions to broaden coverage for dementia patients. In January 2018, the
Cognitive Assistance Grade (CAG) was introduced, effectively extending LTCI to all dementia
patients, granting them access to home-care services, including Day and Night Care. Although
numerous studies have shown that expansions in LTCI are associated with reductions in informal
care and medical costs, research on the impact of LTCI expansion on health outcomes—particularly
in relation to dementia progression—remains limited. As mandated by the LTCI Act, this study aims
to assess the differences in dementia progression and other health outcomes between CAG
beneficiaries and non-beneficiaries. Additionally, this study seeks to examine the effects of LTCI

service utilization on dementia progression among CAG beneficiaries.

Methods: This study, designed as a retrospective observational analysis, encompassing details on
50% of dementia patients in Korea. Using 1:1 exposure matching without replacement, based on a
propensity score derived from patient characteristics, including dementia severity, CAG
beneficiaries were paired with at-risk LTCI non-beneficiaries diagnosed with dementia. The primary
outcome was cognitive decline, assessed via the cognitive function domain score in the LTCI
assessment. Secondary outcomes included other indicators of dementia progression, such as
cognitive enhancer dosage, delirium diagnoses, and emergency room visits primarily related to
dementia. The study also evaluated mental and physical health outcomes, including depression
diagnosis, mental and physical dependency, and all-cause mortality, with femur fracture diagnosis
included as control outcomes. Dose-dependent associations with the frequency of LTCI service
utilization were analyzed. Subgroup analyses were conducted based on baseline characteristics of

dementia patients, LTCI facility characteristics, and type of LTCI service.



Results: A total of 8,511 CAG beneficiaries and 8,511 non-beneficiaries were included in the study.
Cognitive decline was found to occur at a higher rate among CAG beneficiaries (HR: 3.329, 95%
Cl: 3.000-3.695) and poorer health outcomes compared to non-beneficiaries. Receiving LTCI
services over 20 times per month was linked to a significantly lower risk of cognitive decline
compared to non-utilization, following a dose-dependent decreasing trend (HR: 0.696, 95% CI:
0.598-0.809, p-for-trend: <0.0001). Similar results were observed among participants with mild
cognitive symptoms, without behavioral symptoms, and under 85 years of age. This trend was
consistent for home-visit LTC services, with a significant reduction in cognitive decline risk
observed across all utilization frequencies (HR: 0.500, 95% CI: 0.295-0.847 for fewer than 10 times
per month; HR: 0.564, 95% CI: 0.332-0.958 for 10-20 times per month; and HR: 0.501, 95% CI:
0.386-0.651 for More than 20 times/month; p-for-trend: <0.0001). No significant effect was found
on Day and Night Care services. Among participants in Day and Night Care facilities with a staff-
to-beneficiary ratio exceeding 1.0, a significant reduction in cognitive decline was observed with
utilization More than 20 times/month (HR: 0.655, 95% CI: 0.456-0.940, p-for-trend: 0.0311).

Conclusion: Expanding LTCI to include non-beneficiaries with dementia and a broader range of
other senile diseases beyond dementia could be beneficial, as LTCI services help slow cognitive
decline, particularly with early intervention. Younger dementia patients and those with milder
symptoms showed greater benefits, highlighting the importance of early LTCI involvement.
Effective care also requires a higher staff-to-beneficiary ratio and beneficiary-tailored interventions.
Cost-effectiveness must be considered as rising dementia rates and LTCI expenses place increasing
pressure on resources. Despite the 2018 LTCI expansion to universal coverage, many individuals
remain unenrolled. Further research is needed to explore baseline clinical differences between CAG

beneficiaries and non-beneficiaries and to understand the reasons for not applying for LTCI.

Key words: Long-term care insurance, Health outcome, Insurance coverage expansion, Long-term
care, Dementia, Universal coverage
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I. INTRODUCTION

1.1. Study background

Korean Long-Term Care Insurance (LTCI), a national insurance program for older adults aged
65 and above or patients with senile diseases (such as dementia) who experience impairment in daily
living, has been in effect since July 2008. According to the Long-term Care Insurance Act, LTCI
provides several benefits that encompass home care services (such as visiting care, bathing
assistance, and nursing visits), institutional care services (admission to designated LTC institutions),
and monetary benefits (including family care benefits and exceptional care benefits) 2. The benefits
under LTCI vary based on LTCI ratings, assessed using the LTCI score®.

The LTCI score comprises five standardized domains: daily living function (12 items),
behavioral problems (14 items), cognitive function (7 items), nursing demand (9 items), and
rehabilitation demand (10 items). The overall score ranges from 0 to 100, with elevated scores
indicating more severe disease.

The limited representation of cognitive function in the LTCI score (7 items among total 52 items),
often precludes individuals with physically intact or mildly impaired dementia from qualifying for
LTCI benefits*. This exclusion imposes substantial financial, mental, and physical burdens on
caregivers of non-qualifying dementia patients®°. Excessive caregiver burden is associated with
adverse dementia outcomes, including cognitive decline, worsening behavioral symptoms, and
decreased survival rates'®*2, further intensifying caregiver stress. Korea's rapidly aging population
and increasing dementia prevalence (10.29% in 2020, projected to reach 15.91% by 2050)
exacerbate this challenge!34,

To alleviate the challenges in LTCI, two significant expansions of LTCI beneficiaries occurred
on July 1st, 2014 (First expansion) and January 1st, 2018 (Second expansion) . Before July 2014,
the system classified long-term care into three grades, with Grade 1 representing the most severe
cases and Grade 3 the least severe. The first expansion restructured this into four grades and
introduced Grade 5, specifically for dementia patients. The second expansion in January 2018
established the Cognitive Assistance Grade (CAG), aimed at extending LTCI coverage to physically

intact or mildly impaired dementia patients.



1.2. Study objective

Following the program's second expansion, which was initially restricted to individuals with
dementia, LTCI achieved extended coverage through the introduction of the CAG, enabling all
dementia patients to qualify for LTCI upon completing administrative registration. For those
receiving CAG benefits, the insurance specifically provides home care services that focus on
comprehensive Day and Night Care. The Long-term Care Insurance Act outlines that the primary
goals of LTCI are to enhance the health of senior citizens, provide stability for their life after
retirement, reduce the caregiving responsibilities shouldered by families, and improve the overall
quality of life?. The foremost aim is to better the health conditions of those covered.

Although many studies have shown that expansions and subsidies of LTCI correlate with
decreases in informal caregiving and medical costs'>!°, research is sparse on the dose-dependent
relationship between home care services and health outcomes within the universal LTCI framework.
Furthermore, there is a lack of studies on the characteristics of dementia patients who, despite being
eligible, have not applied for LTCI. Considering that the expansion of LTCI was specifically aimed
at dementia patients, the principal objective should focus on enhancing the health status of this group,
including efforts to slow the progression of dementia.

This research is designed to evaluate the association of LTCI expansion with health outcomes in
dementia patients, compared with LTCI non-beneficiaries with dementia diagnosis. The primary
outcome is the improvement in dementia progression, measured by changes in cognitive function
domain scores based on LTCI scoring system. Secondary outcomes include additional dementia
progression markers such as alterations in cognitive enhancer usage (both dosage and type),
emergency care visits for dementia, and delirium diagnoses coupled with antipsychotic treatments.
Furthermore, this study also investigates secondary mental and physical health outcomes like all-
cause mortality, depression diagnosis with antidepressant treatment, and the occurrence of
cardiovascular or cerebrovascular diseases. A comparative analysis of the dose-dependent trend
based on LTCI benefit utilization and health outcomes between CAG beneficiaries and non-

beneficiaries is also undertaken.



Il. THEORETICAL BACKGROUND

2.1. Long-Term Care and Long-Term Care Insurance

Long-term care (LTC) is defined as continuous support for individuals with chronic disabilities
or functional impairments, setting it apart from acute care that concentrates on diagnosing and
treating conditions within hospital environments, generally covered by National Health Insurance
(NHI) 2. TC services, which include home care and institutional care, are essential in preserving
well-being, independence, and community involvement, and they help prevent the
institutionalization of both elderly and non-elderly individuals who face difficulties with daily
activities®. LTCI was established and universally implemented for older adults to ensure
standardized and systematized LTC, thereby alleviating the pressures on beneficiaries and their
families.

LTCIl is separate from the NHI system, which provides for acute care needs through services like
hospitalization and outpatient care at hospitals, clinics, and pharmacies. Additionally, LTCI
distinguishes itself from the welfare system by offering standardized and systematized long-term
care, with the goal of reducing the impact on beneficiaries and their families?.

2.2. Korea Long-Term Care Insurance

2.2.1. History of Korea Long-Term Care Insurance Alternation

LTCI was first officially introduced in Korea on July 1st, 2008, to address emerging medical
demands due to an aging population, lack of informal care such as family members, and low fertility
rates, mirroring trends in other countries (Table 1)*23. Eligible beneficiaries included adults aged
65 and above or patients with senile diseases (Table 2) experiencing impairment in daily living.

The Long-term Care Insurance Act was enacted in 2007, followed by three pilot projects
conducted by June 2008'. After LTCI's introduction, there were two major expansions of coverage
and two minor expansions. Initially, until June 2012, the classification was as follows: Grade 1 for

scores over 95 points, Grade 2 for 75-94 points, and Grade 3 for 55-74 points. The first minor



expansion occurred in July 2012, extending Grade 3 to cover 53-74 points. In July 2013, the second
minor expansion further extended Grade 3 to 51-74 points.

The first major expansion of LTCI coverage took place in July 2014. It reclassified Grade 3 as
60-74 points, introduced Grade 4 for 51-59 points, and newly established Grade 5 for scores of 45-
50 points with a dementia diagnosis. The second major expansion in January 2018 introduced the
CAG for individuals scoring under 45 points with a dementia diagnosis.

The two major expansions of LTCI were specifically targeted at dementia patients due to the
increasing prevalence and significant health and financial burdens associated with dementia in
Koreal. As of 2022, the National Institute of Dementia in Korea reported that Dementia is diagnosed
in 7.3% of people aged 60 and older?. Alzheimer's disease is the seventh leading cause of Korean
mortality, with a mortality rate of 22.7 per 100,000 people?®. The economic impact of dementia grew
1.5 times from 2015 to 2019. These challenges are worsened by the underdiagnosis and limited
awareness of dementia®,

Following the expansion of January 1st, 2018, all dementia patients became potentially eligible
for LTCI benefits. However, to receive these benefits, individuals must apply for an eligibility
assessment to the NHI and LTCI Need Assessment Committee. The committee determines
eligibility based on a visit assessment and medical doctor evaluation®. Consequently, dementia

patients who do not apply for LTCI cannot access its benefits, despite their potential eligibility.

Table 1. History of Korea long-term care insurance grade alteration

LTCI score July 2008 July 2012 July 2013 July 2014 January 2018

100-95 points Grade 1 Grade 1 Grade 1 Grade 1 Grade 1
94-75 points Grade 2 Grade 2 Grade 2 Grade 2 Grade 2
60-74 points

55-59 points Grade 4 Grade 4
53-54 points Grade 4 Grade 4
51-52 points Grade 4 Grade 4
45-50 points Grade 5 Grade 5

0-44 points CAG

Abbreviation: LTCI; long-term care insurance, CAG; Cognitive Assistance Grade



Table 2. Senile diseases for long-term care insurance eligibility

Disease ICD-10
a. Dementia in Alzheimer's Disease F0O0
b. Vascular Dementia Fo1
c. Dementia in Other Diseases Classified Elsewhere F02
d. Unspecified Dementia FO3
e. Alzheimer's Disease G30
f. Subarachnoid Hemorrhage 160
g. Intracerebral Hemorrhage 161
h. Other Nontraumatic Intracranial Hemorrhage 162
i. Cerebral Infarction 163
j. Stroke, Not Specified as Hemorrhage or Infarction 164
k. Occlusion and Stenosis of Precerebral Arteries, Not Resulting in 165
Cerebral Infarction
I. Occlusion and Stenosis of Cerebral Arteries, Not Resulting in 166
Cerebral Infarction
m. Other Cerebrovascular Diseases 167
n. Cerebrovascular Disorders in Diseases Classified Elsewhere 168
0. Sequelae of Cerebrovascular Disease 169
p. Parkinson's Disease G20
g. Secondary Parkinsonism G21
r. Parkinsonism in Diseases Classified Elsewhere G22
s. Other Degenerative Diseases of the Basal Ganglia G23.4
t. Progressive Supranuclear Palsy G23.4
u. Essential Tremor R25.1
v. Amyotrophic Lateral Sclerosis G12
w. Other Systemic Atrophies Primarily Affecting the Central G13
Nervous System
X. Multiple Sclerosis G35

Abbreviation: ICD-10; International Classification of Diseases,

Tenth Revision



2.2.2. Finances of Korea Long-Term Care Insurance

Korea's LTCI, while independent from NHI, operates on a national health insurance system
model rather than a national health service system. This means it utilizes contribution-based
financing instead of tax-based funding?®. As of 2024, the LTCI contribution rate is set at 0.9182%
of annual earnings (Table 3). Additionally, a national subsidy equivalent to 20% of the expected
annual LTCI premium income is incorporated into the financing structure.

The system incorporates a coinsurance element for utilizing long-term care services.
Beneficiaries are obligated to contribute 20% of the cost for institutional care services and 15% for
home care services from their own pockets. Nonetheless, beneficiaries receiving medical aid

program are completely exempt from these coinsurance obligations?.

Table 3. Trend of annual increase in long-term care insurance contribution rate

Year 2018 2019 2020 2021 2022 2023 2024
Contribution rate
(to annual income, %)
Rate of increase (%0) 14.9 19.4 24.4 15.6 8.5 5.9 1.09
Contribution rate
(to health insurance 7.38 8.51 10.25 1152 1227 1281 1295
contribution rate, %)

0.4605 0.5497 0.6837 0.7903 0.8577 0.9082 0.9182

2.2.3. Methodology of Long-Term Care Insurance Scoring?

The LTCI score comprises 52 items across five domains (Table 4). The 'Daily living function’
and 'Demand for rehabilitation' domains use a three-point scale, while the other domains employ a
two-point scale. After initial scoring, raw scores for each area are converted to ‘Domain-specific
100-Point Scores’ using a predetermined conversion table.

These 100-point scores are then applied to tree regression analysis for eight service groups:
hygiene, excretion, meals, functional assistance, behavioral change, indirect support, nursing care,
and rehabilitation training. This analysis calculates the final LTCI score, representing the average
time required to provide long-term care services per individual. The sum of these eight-service group
LTCI scores determines the final LTCI grade.

For beneficiaries with dementia symptoms, a grade adjustment process is implemented using a

specific regression model to identify individuals suspected of having dementia. If applicable, the



LTCI score is adjusted to the minimum score of the next higher grade. Additionally, the LTCI Need

Assessment Committee may further adjust the grade after their evaluation.

Table 4. Five domains and 52 items of long-term care insurance scoring

Area Item
+ Taking off and + Eating + Going out of the room
Daily living wearing clothes + Changing position + Using the restroom
function + Washing face + Sitting up + Fecal incontinence
(12 items) + Brushing teeth + Moving to a chair + Bladder incontinence
+ Bathing
+ Short-term + Orientation: location + Unable to follow
Cognitive memory + Recognizing age and instructions
function impairment date of birth + Impaired judgment
(7 items) + Orientation: date + Impaired communication
and understanding
+ Hallucinations * Repetitive, + Compulsive behavior
+ Delusions meaningless behaviors + Making inappropriate
Behavioral + Changes in sleep + Unusual handling of sounds or actions
problems patterns money + Experiencing sadness, with
(14 items) + Wandering or * Aggressive behavior or without crying
agitation ¢ Leaving the room + Inappropriate clothing
+ Resistance to help inappropriately * Inappropriate toileting
Nursing ¢ Tube feeding + Tracheostomy care + Cancer pain management
demand + Aspiration care + Urinary catheter care + Oxygen therapy
(9 items) + Stoma care + Pressure ulcer care + Dialysis care

Rehabilitation
demand
(10 items)

+ Right upper extremity

+ Right lower extremity

Mobility limitation limitation
(4 items) ¢ Left upper extremity * Left lower extremity
limitation limitation
Joint Restrictions : Wrist and_fi_ngerjoints . Hipjo_in_t
(6 items) Should_er_Jomt . Kneejc_)lpt
+ Elbow joint + Ankle joint

2.2.4. Benefits of Korea Long-Term Care Insurance®

Korea's Long-Term Care Insurance (LTCI) system provides two primary categories of benefits,

with the first being home care services. These services offer daily support either at the beneficiary's

home or in designated facilities for periods shorter than a day. The types of home care services

include home visit nursing, where a nurse or assistant nurse provides care and consultation under a



doctor's instructions; : home visit care, which supports daily activities and household chores through
visits to beneficiaries' homes; day and night care, offering institutional care services on an hourly
basis; home visit bathing; short-term respite care, which provides care in LTCI facilities for up to 9
days per month; and the provision of assistive equipment. All LTCI beneficiaries have access to
home care services. Under LTCI, while all beneficiaries have access to various home care services,
there are specific restrictions for those classified under the CAG, which typically includes
individuals with the mildest forms of dementia. Beneficiaries in this category are exclusively entitled
to 'Day and night care'.

The second principal benefit under Korea's LTCI is institutional care service, which includes
admission to LTCI-designated facilities capable of accommodating more than 10 beneficiaries, or
to community-based LTCI homes that can house between 5 and 9 beneficiaries. Typically,
individuals classified as LTCI Grade 3 or lower are ineligible for institutional care. Additionally,
the use of both home care and institutional services simultaneously is prohibited.

LTCI also extends monetary benefits under specific conditions. For instance, a monthly cash
benefit of 229,070 Korean won is allocated to beneficiaries residing in remote or isolated areas, or
to those who are unable to access LTC services at designated facilities due to circumstances like
natural disasters, physical or mental impairments, or personality issues. This benefit is applicable

when recipients receive care equivalent to home care from family members or relatives.



2.2.5. Current Status of Korea Long-Term Care Insurance?’

As of 2022, the population of Korean older adults aged 65 and above totaled 9,377,049, with
1,019,130 (10.9%) enrolled in the Long-Term Care Insurance (LTCI), marking a 6.9% increase from
2021 (Table 5). Among the LTCI enrollers, 23,273 beneficiaries (2.28% of total LTCI beneficiaries)

were covered under the Caregiver Assignment Guideline (CAG), as detailed in Table 6.

Table 5. Trend of annual increase in long-term care insurance beneficiaries

2018 2019 2020 2021 2022

Older adults 7611,770 8,003,418 8480208 8912785 9,377,049
(65 years or above)

LTCI beneficiary 670,810 772,206 857,984 953,511 1,019,130

Ratio of beneficiaries
to older adults
Abbreviation: LTCI; long-term care insurance

8.8% 9.6% 10.1% 10.7% 10.9%

Table 6. The number of long-term care insurance beneficiaries in 2022

Total Male Female

Grade 1 49,946 13,152 36,794
Grade 2 94,233 24,041 70,192
Grade 3 27,8520 79,490 199,030
Grade 4 459,316 128,840 330,476
Grade 5 113,842 32,635 81,207
CAG 23,273 7,312 15,961
Total 1,019,130 285,470 733,660

Abbreviation: CAG; Cognitive Assistance Grade

Among LTCI beneficiaries, a total of 999,451 beneficiaries had utilized benefits of LTCI.
Financially, the LTCI program incurred costs totaling 11,444.2 billion Korean won for the year,
averaging 1,234,556 Korean won per beneficiary. This expenditure was divided between home care
services, which accounted for 7,092.2 billion Korean won, and institutional care services, which

amounted to 4,346.5 billion Korean won, as shown in Table 7.



CAG beneficiaries receive 'Day and night care' services, which are specialized home care
offerings allowing for eight-hour daily admissions to designated facilities up to 12 times per month,
providing both physical and cognitive support!. These programs include cognitive training,
reminiscence therapy, and art therapy, enhancing their daily treatment and support. On average,
CAG beneficiaries utilized these services 12.5 times each month, with each session lasting
approximately 7.9 hours. Furthermore, 71.1% of these beneficiaries participated in cognitive activity
programs as part of their care?.

Table 7. Trend of annual increase in long-term care insurance beneficiaries and share cost

2018 2019 2020 2021 2022

Number of LTCI

beneficiaries who 648,792 732,181 807,067 899,113 999,451
received benefits

LTCI share cost per

beneficiary 1,077,291 1,159,922 1,189,071 1,201,390 1,234,554
(Korean won)

LTCI share cost

B 62,992 77,363 88,827 100,957 114,442
(billion Korean won)
Home care services
(billion Korean 3,434 1000 4,370 1000 5,230 1000 6,191 1000 7,092 100.0

won, %)

Home-visit care

(billion Korean won, %)
Home-visit bathing
(billion Korean won, %)
Home-visit nursing
(billion Korean won, %)
Day and Night care
(billion Korean won, %)
Short-term care

(billion Korean won, %)
Welfare equipment
(billion Korean won, %)
Institutional care
services (billion Korean 2,865 100.0 3,366 100.0 3,653 100.0 3,904 100.0 4,347 100.0
won, %)

LTCI facilities

(billion Korean won, %)
Community-based LTCI
homes 277 9.7 303 9.0 311 8.5 312 8.0 314 7.2
(billion Korean won, %)
Others

(billion Korean won, %)

2436 709 3007 688 3589 686 4215 681 4810 67.8
100 2.9 116 2.7 136 2.6 163 2.6 191 2.7
17 0.5 22 0.5 2,631 05 32 05 35 0.5
736 214 1044 239 1273 243 1537 248 1,783 251
12 0.4 11 0.3 9 0.2 7 0.1 7 0.1

132 3.8 169 3.9 198 3.8 238 3.8 268 3.8

2,588 903 3063 910 3342 915 3592 920 4,033 928

- - - - - - 1 100.0 6 100.0

Abbreviation: LTCI; long-term care insurance
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2.2.6. Structure and Status of Long-Term Care Insurance in Other Countries

Among the 38 nations in the Organization for Economic Cooperation and Development (OECD),
including Korea, adults aged 65 and older made up less than 9% of the population in 1960, increased
to 18% by 2020, and is projected to rise to 27% by 2050, indicating a growing pool of potential
beneficiaries for LTCI?. The percentage of LTCI beneficiaries among older adults stood at 11.5%
across 28 OECD countries, a figure that aligns closely with that in Korea?®. Additionally, during the
years 2019 to 2020, about 50% of older adults in 22 OECD countries with impairments in more than
one instrumental activity of daily living (iIADL) or activity of daily living (ADL) reported an unmet
need for LTC?. From a financial perspective, the share of LTC expenditures relative to GDP
increased from 0.9% in 2004 to 1.4% in 2020, marking a 57% increase. This figure is expected to
further escalate to 2.3% by 2040%.

In the United States, LTC encompasses home health care services along with community and
residential care options such as nursing homes and adult day care centers, predominantly funded
through Medicaid or Medicare3X. In Japan, LTC is offered through facility services, community-
based services, and in-home services, including a preventive LTC benefit specifically for older
adults who are not yet eligible for full benefits®. In the Netherlands, following reforms to the LTCI
system in 2015, only inpatient services are provided to older adults and the disabled who require
intensive, round-the-clock care®. Conversely, in England and Germany, the structure of LTCI
benefits mirrors that of Korea, comprising both home-care services and institutional care services,
providing a comprehensive support system for individuals requiring LTC.

In atopology study conducted among 25 OECD countries, long-term care systems were classified
into six types based on various indicators. These indicators include supply measures such as
expenditure per capita and number of beds, public-private mix elements like the share of private
expenditure, access regulation measures including regulations for home care and institutional care
providers, and performance metrics such as life expectancy and self-perceived health status®. Korea
and Japan fall into the category of an evolving public supply system. This system is characterized
by a relatively low number of beds and low cash benefits, alongside high restrictions on the choice
of benefits and a high life expectancy. In contrast, several European countries are categorized under
the need-based supply system, which is marked by a high number of beds and high cash benefits,
low restrictions on benefit choice, and a medium level of life expectancy34. These classifications

highlight distinct approaches to LTC based on regional priorities and demographic challenges.
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2.3. Previous Research: Long-term care insurance and health outcomes

Despite the significant impact of Long-Term Care Insurance (LTCI) expansion on healthcare
services, research exploring the effect of LTCI introduction on health outcomes, particularly in
relation to dementia, has been relatively sparse and has received less attention than studies on
healthcare expenditures. Additionally, previous studies investigating the linkage between LTCI and
health status have presented inconclusive results and faced various limitations, including brief
follow-up duration and limited sample sizes.

In France, the availability of public financial assistance for home care services for dementia
patients has been linked to a reduction in emergency care utilization among beneficiaries compared
to those not receiving benefits®. In Spain, the expansion of LTCI coverage has been associated with
a lower hospital admissions and utilization, as well as a lower prevalence of depressed mood and
suicidal ideation among beneficiaries®®. In Japan, while LTCI has not shown any discernible positive
effects on overall health outcomes®’, more advanced care provided under LTCI was found to delay
the progression of impairments in daily living activities®®. In China, the implementation of LTCI has
led to improvements in ADL, cognition level, perceived health status, and a decrease in mortality
rates®®>43, Additionally, enhanced access to social care services through LTCI expansion in China
has been linked with a decrease in hospital readmissions*. In Korea, following the implementation
of the CAG, there were no significant changes observed in cognitive function and depression levels
one year after the introduction of the policy compared to the period before its implementation?34,
However, a decreased risk of all-cause mortality was associated with the utilization of LTCI services

in Korea“®.

2.4. Conceptual framework for health effect of long-term care insurance

The direct and indirect health effects of LTCI and its benefits can be elucidated using the Theory
of Planned Behavior (TPB) 4%, Health outcomes are influenced by health behaviors, which operate
at three levels: lifestyle and behavioral, psychological and motivational, and spiritual and
meaningful*. The critical point in the decision-making process regarding health behavior is
intention, which is shaped by one's attitude towards improving health conditions, subjective norms
influenced by the surrounding environment, and perceived behavioral control over enhancing health
status (Figure 1).
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In terms of the health effects of LTCI, a favorable attitude is supported by registration in the
LTCI program. Favorable social norms may arise from interactions with other LTCI beneficiaries
within the same long-term care facilities or from family members. Enhanced perceived behavioral
control can be achieved through various LTCI interventions, including dementia management
education. Additionally, there is a mutual influence between perceived behavioral control and
attitude through a positive feedback loop; for example, a favorable attitude can lead to proactive
behavior, which improves measures of perceived behavioral control.

A positive attitude toward better management of dementia conditions, coupled with higher social
pressure and enhanced perceived behavioral control, leads to a proactive intention. This proactive
intention, along with better perceived behavioral control, can prompt therapeutic behaviors aimed
at slowing dementia progression. Such behaviors may include active participation in dementia
education programs, regular reassessment of dementia, preventive practices in daily living to slow
dementia progression, and active therapeutic and non-therapeutic management of dementia

symptoms.

Attitude
(favorable attitude toward
dementia management,
supported by registration )

Social norm Proactive

(higher social pressure intention B_E!E'ISVIOI‘t‘
from other long-term care toward dementia against dementia
insurance beneficiaries) progression progression

Perceived behavior

control
(Improvement from long-term
care insurance benefits)

Figure 1. Conceptual framework for the health effect of long-term care insurance based on theory

of planned behavior
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[II. METHODS

3.1. Data source

This research employed data from the Korea National Health Insurance Service-National Health
Information Database (NHIS-NHID) spanning January 1, 2013, to December 31, 2022. The selected
period covers from the introduction of Grade 5 in LTCI to the latest available data. NHIS-NHID is
a demand-driven database, systematically collected and maintained by the Korean NHI, which
functions under an obligatory single-insurer system providing universal health coverage to all
citizens and medical providers.

The study population was characterized by using a range of variables including
sociodemographic factors, health insurance status, mortality records, prescription statistics, and
diagnostic records. The follow-up for participants extended until December 31, 2022, or until earlier
disqualification from NHI, such as death, or emigration.

The study received approval from the Institutional Review Board (IRB) of Severance Hospital
in Seoul, Republic of Korea (IRB No: [4-2023-1131]).

3.2. Study participants

The research encompassed all patients diagnosed with dementia, utilizing the International
Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) for case
identification. According to the Long-term Care Insurance Act in Korea, dementia diagnoses eligible
for LTCI coverage include Alzheimer's disease (G30), dementia in Alzheimer's disease (F00),
vascular dementia (FO1), dementia in other diseases classified elsewhere (F02), and unspecified
dementia (F03). The onset date of dementia was established as the earlier of two possible dates: the
initial dementia diagnosis date or the date when the patient first started using cognitive enhancers—
such as donepezil, galantamine, rivastigmine, or memantine, for a minimum of 90 days prescription.
Owing to constraints related to the dataset size and analytical tools, a random selection of half the
eligible participants among every dementia patient in Korea was included in the study.

The index date, or time-zero, for this study was set as the start date of the CAG, rather than the
date of LTCI registration. The follow-up period was determined as the duration from the index date

to either the occurrence of study outcomes, the cutoff date of December 31, 2022, disqualification
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from the NHI due to reasons such as emigration, or death, whichever came first.

Out of 1,438,298 participants in the NHIS-NHID who had been diagnosed with dementia or
prescribed cognitive enhancers at least once, six criteria were applied to select eligible participants
(Figure 2). First, to exclude potential misdiagnoses and illegal proxy prescriptions, only individuals
with at least three outpatient visits for a dementia diagnosis were included. Second, a 2-year washout
period was applied to investigate newly diagnosed dementia cases following the introduction of
LTCI. Third, dementia patients whose initial start date for CAG was after December 31st, 2022, the
study's end date, were excluded. Fourth, to explore the relationship between LTCI coverage
expansion and health outcomes, participants with pre-existing conditions such as LTCI Grades 1-5,
prior delirium diagnosis within three years of index date, and prior geriatric depression diagnosis
within three years of index date were excluded to consider newly occurred outcomes. Fifth, the
follow up duration was longer than 6 months and to exclude other acute factors that induced
outcomes. Sixth, participants with missing covariate data, including biannual health screening date,
were excluded.

During the elimination of missing data, individuals lacking information from biannual health
assessments were omitted, resulting in the exclusion of over half the participants. Health screenings
serve as a marker for the health-related behavior of older adults. Particularly, this correction was
crucial given that beneficiaries of LTCI and their caregivers, who must opt into the program, tend
to have a greater focus on monitoring and actively managing dementia. This increased vigilance and
preemptive management of dementia care could possibly affect the study results, necessitating its
consideration in the evaluation. Also, taking health screening within 3 years was a substantial risk
factor for older adults with LTCI, then we included older adults with dementia who had taken

screening®°.
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1,438,298 Total participants diagnosed with dementia from
2013 to 2022 in the NHIS-NHID2

664,946 Excluded
256,373 Visited outpatient clinics at least three times with dementia diagnosis
408,573 Two-year washout

773,352 Met the inclusion criteria
35,405 CAG beneficiaries (case)®
737,947 CAG non-beneficiaries (control)

22,653 Excluded (cases)
4,909 First CAG initiation after December 31, 2022
‘ 17,744 Missing of biannual health screening data

367,589 Excluded (controls)

Matched based , sex, date of ly d d e . .
aRCheC Dastic On g€, sex CRIE O MWy Slagnasel 367,589 Missing of biannual health screening

dementia, with a maximum caliper of 0.01 for the propensity
score (exposure density matching)<

189,526 Matched 5,034 Excluded (cases)
17,661 Cases candidates (17,744 were excluded) 0 Grade 1-5 decision of LTCI before the index date
171,865 Control candidates (285,813 were excluded) 274 Delirium diagnosis within 3 years of the index date

2,379 Depression diagnosis within 3 years of the index date
2,381 Follow-up duration at least 180 days

19,234 Excluded (controls)
214 Grade 1-5 decision of LTCI before the index date
1,053 Delirium diagnosis within 3 years of the index date
7,689 Depression diagnosis within 3 years of the index date
l l 10,278 Follow-up duration at least 180 days

4,116 Excluded (cases)

‘ 12,627 Case candidates | | 65,311 Control candidates | 3637 Cases without matched controls
T T 479 Matched as controls for chronologically prior case

1 t 56,800 Excluded (controls)

‘8,511Cases included in ‘ |8,511C0ntrolsinc|uded 11,677 Controls without matched cases

the analyses in the analyses 45,123 1:1 matching without replacement

Figure 2. Flow chart of participant selection
Abbreviation: NHIS-NHID; Korea National Health Insurance Service-National Health Information

Database, CAG; Cognitive Assistance Grade, LTCI; Long-term care insurance

a NHIS-NHID, spanning from January 1, 2013, to December 31, 2022, NHID is a demand-driven database,
systematically collected and maintained by the Korean NHI, which functions under an obligatory single-insurer
system providing universal health coverage to all citizens and medical providers.

b CAG beneficiaries were classified as cases, with the index date established as the commencement of CAG.

¢ Matched was based on sex (male or female), age (within one year), date of dementia diagnosis (within 6
months) and cumulative dose of cognitive enhancers during the 6 months before and after the index date,
categorized into four ordinal groups. A time-dependent propensity score was calculated from age, sex, year of
dementia diagnosis, income level, area of residence, National Health Insurance type, exercise level, smoking
status, alcohol consumption, number of hospital admissions, average annual outpatient visits, and Charlson

Comorbidity Index.
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3.3. Study Design

3.3.1 Retrospective Observational Study

A retrospective observational study was accepted involving LTCI beneficiaries with Grade 5 or
CAG and dementia patients who were non-beneficiaries of LTCI. The simultaneous introduction of
LTCI for all eligible NHI beneficiaries in Korea precluded a prospective study, as withholding LTCI
benefits from a control group would raise ethical concerns, particularly in the analysis of the second
major expansion (CAG introduction). To minimize selection bias inherent in retrospective studies,
half of all participants in Korea who had been diagnosed with dementia or had ever used cognitive

enhancers during the study period were included.

3.3.2 Establishment of ‘Cognitive Assistance Grade’ and Matched Controls

The analysis aimed to explore the difference between CAG beneficiaries and non-beneficiaries,
and association between having LTC benefit and various health outcomes. Therefore, dementia
patients with CAG were defined as cases. A propensity score was calculated and exposure matching
was conducted to control for confounding factors and emulate a prospective study design®. The
propensity score at the date of dementia diagnosis was calculated using several variables, including
age, sex, year of dementia diagnosis, income level, area of residence, NHI type, exercise level,
smoking status, alcohol consumption, number of hospital admissions, average annual outpatient
visits, and Charlson Comorbidity Index (CCI) except dementia diagnosis. Except for age, all
variables were treated as categorical.

Each CAG beneficiary was matched based on propensity score to dementia patients who were at
risk of becoming LTCI beneficiaries at the shared index date. During the matching process, the
following variables were exactly matched to ensure that the eligible control group closely resembled
the LTCI beneficiaries: sex; male or female, age; difference less than one year, date of dementia
diagnosis; within six months and cumulative dose of cognitive enhancer. The cumulative dose of
cognitive enhancers was classified into four subgroups based on the World Health Organization
cumulative defined daily doses (cDDDs) over the six months before and after to the index date (total
12 months): less than 30 cDDDs/12 months, 30-180 cDDDs/12 months, 180-365 cDDDs/12 months,
and more than 365 cDDDs/12 months. Following the matching process, participants were diagnosed
with delirium or depression within three years before the shared index date and those with less than

six months of follow-up duration were excluded. Exclusions for diagnoses of delirium and
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depression were implemented to maintain a consistent severity of dementia and to utilize these
conditions as outcome measures. Additionally, any cases lacking corresponding controls were
removed, and similarly, controls without cases were also excluded.

A 1:1 propensity score matching was conducted for each risk set using a nearest matched set
within a caliper of 0.01. Before matching, 1 percentile trimming was conducted based on the
distribution of propensity score in order to better matching. Additionally, some LTCI beneficiaries
could be included as matched controls for other earlier LTCI beneficiaries, as they might have been
selected as matched control subjects before becoming beneficiaries themselves. To avoid
overlapping in the risk set, dementia patients who were later included as LTCI beneficiaries were
excluded from the control group to ensure non-overlapping samples®2. This exposure matching
method was then repeated sequentially for each subsequent patient until the last LTCI beneficiary

had been successfully matched®3.

3.4. Outcomes

3.4.1 Primary outcome: Dementia progression

Due to data limitations, including the absence of diagnostic codes for dementia severity and the
lack of dementia screening scores or neuropsychological test results, proxy indicators needed to be
employed to assess dementia progression. Therefore, cognitive function domain score was selected
as proxy indicator of cognitive decline. Cronbach’s coefficient alpha of cognitive function domain
score was 0.725.

Cognitive function evaluation in LTCI is comprised with 7 items including short-term memory
impairment, orientation to time, orientation to place, recognizing age and date of birth, unavailability
of following instructions, impaired judgment, and impaired communication and understanding,
which were determined based on several verified screening tools and medical specialists®%5. Each
item were evaluated and resulted in binary outcome (score 1 for yes and 0 for no, maximum total
score 7)“. In our study, cognitive decline was defined as increase at least 3 points in cognitive domain
score out of 7 points, determined by previous research regarding cognitive domain score change
(2~3 items) after introduction of Grade 5 in LTCI®®.
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3.4.2 Secondary outcomes

Secondary outcomes included other proxy indicators for dementia progression, and physical or
mental health outcome. Other proxy indicators for dementia progression were as follows: delirium
diagnosis within three years before the shared index date with antipsychotic usage (such as
haloperidol, risperidone, olanzapine, quetiapine, ziprasidone, aripiprazole, paliperidone, clozapine,
amisulpride, blonanserin, zotepin). Delirium diagnosis of outpatient visits at least 3 times or 1
admission with primary or first secondary diagnosis was included. As antipsychotics are commonly
prescribed for various behavioral and psychological symptoms in dementia including delirium, the
use of antipsychotics were also accompanied with delirium diagnosis as secondary outcome®”58,
Emergency room visits under dementia diagnosis (visits with dementia as the primary diagnosis or
first secondary diagnosis with primary diagnosis of dementia symptoms).

The first use or dosage increase of cognitive enhancers lasting at least 90 days was selected as a
proxy indicator for dementia progression. Dosage sustenance duration was defined based on the
observation that new or increased use of cognitive enhancers is typically maintained for 4-8 weeks
to monitor side effects®®. The use of memantine was considered a proxy indicator of moderate-to-
severe dementia, aligned with its clinical indication5%6, Consequently, four indicators of dementia
progression based on cognitive enhancer dosage were selected: initial use or dosage increase of
cognitive enhancers, initial use or dosage increase of memantine, maximum dosage administration
of cognitive enhancers (23 mg per day for donepezil, 20 mg per day for memantine, 12 mg per day
for oral rivastigmine, or 13.3 mg/24 hours for rivastigmine patch, and 24 mg per day for
galantamine), and maximum dosage administration of memantine.

In physical or mental health outcomes, all-cause mortality, provision of LTCI Grade 1 or 2 which
mean physical and mental dependence, newly diagnosed depression with antidepressant usage
(prescribed at least 90 days after depression diagnosis, such as fluoxetine, paroxetine, sertraline,
escitalopram, vortioxetine, venlafaxine, desvenlafaxine, duloxetine, milnacipran, mirtazapine,
trazodone, tianeptine sodium, bupropion, agomelatine), cardiovascular or cerebrovascular diseases
diagnosis were included.

Diagnosis of femur fracture was selected as controls of outcomes, considered as not directly

associated with dementia progression.
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3.5. Covariates

Socioeconomic characteristics at the date of dementia diagnosis were included: area of residence
(province, capital area, and metropolitan area), economic status (classified by three groups based on
NHI premium amount), and insurance type (employee, self-employed, and others).

Health status factors at the time of dementia diagnosis included level of physical activity
categorized as sufficiently active (>600 metabolic equivalents of task [MET]-minutes/week),
insufficiently active (<600 MET-minutes/week), or inactive 263, Additionally, alcohol drink level
was classified as current drinker (>once/week) or social drinker (<once/week) or while smoking
status was categorized as three subgroups: current smoker, past smoker (who smoke more than 100
cigarettes in their lifetime, they do not currently smoke), or non-smoker (who smoke less than 100
cigarettes in their lifetime). Average annual outpatient visits during three years before the index date
(<12, 12-36, >36 visits), and number of hospital admissions during three years before the index date
(no admission, 1 time, 2 times or more) were also included. Additionally, CCI score except dementia
diagnosis was calculated based on claim data during recent three years before the index date (CClI
score 0, 1, 2, and 3 or higher) was applied for comorbidity adjustment®*.

Physical activity, alcohol consumption level, and smoking status were derived from the most
recent biannual national screening results within 2 years of the index date®®. Other covariates were
derived from claim or administrative data. Disease presence for CCI calculation was defined as one
admission or at least three outpatient visits by primary or first secondary diagnosis. All ICD-10 code

or Korea ingredient code for medication are listed in Supplementary table 1.

3.6. Statistical Analysis

Baseline characteristics between CAG beneficiary and control groups were compared using
standardized differences, with values below 0.1 (<10%) generally considered negligible®. All
covariates were included in the analysis, and with a maximum variance inflation factor (VIF) of
1.48, no evidence of multicollinearity was detected in the data.

The analysis aimed to examine differences in the risk of dementia progression and other health
outcomes between LTCI non-beneficiaries and LTCI beneficiaries. The incidence ratio (IR) of
outcomes, along with a 95% confidence interval (Cl), was calculated using a generalized linear
model with a Poisson distribution and expressed as outcomes per 1,000 person-years. The shared

index date was determined at the date of LTCI benefit initiation for both CAG beneficiaries and
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matched controls. Survival time was measured from the shared index date to the outcome occurrence,
death, NHI disqualification, or the study's end (December 31, 2022), whichever occurred first. The
findings were obtained through a Cox proportional hazards model applied to matched case and
control sets and presented as hazard ratios (HR). The cumulative incidence of cognitive decline was
assessed applying Kaplan-Meier survival curves, and the stratified log-rank test was applied®.

To explore the dose-dependent relationship between the amount of LTCI benefits received and
dementia progression, discrete-time survival model was conducted using a complementary log-log
link function®’. The effect size was presented as HR. This model assesses the association between
the cumulative amount of LTC services received in a preceding six-month period and the risk of
dementia progression in the following three-month period, ensuring no overlap between the six-
month cumulative period and the three-month outcome period (six-month for cumulation and three-
month for outcome occurrence). Six-month intervals were sustained from the index date until the
occurrence of the outcome, death, NHI disqualification, or the study’s end date (December 31, 2022),
whichever came first. LTCI beneficiaries who used LTC services were divided into four subgroups
based on the frequency of service use: no LTC service, less than 10 times/month, 10-20 times/month,
and more than 20 times/month. The cumulative amount of LTC services during each six-month
period was calculated by summing the total number of days each beneficiary claimed these services
from the NHI. Additionally, all types of home-visit services excluding assistive equipment provision
were mainly considered in the analyses (home visit bathing, care, and nursing, short-term care, and
Day and night care), two other subgroups were defined based on the type of LTC service utilized:
services limited to Day and night care, home-care services delivered directly at the residence of the
beneficiary (including home visit bathing, care, and nursing). Trend analyses (expressed as p-for-
trend) were applied using LTC service utilization subgroups as ordinal variables to explore dose
response trends within a logistic model®.

To investigate associations in detail, subgroup analyses were conducted focused on the severity
of cognitive and behavioral symptoms in dementia. Domain scores from the LTCI scoring system
were used to examine the nuanced effects of CAG beneficiary status and LTC services across
varying symptom severities in dementia patients. LTCI beneficiaries were categorized into
subgroups based on cognitive function and behavioral problem scores: mildly impaired cognitive
function, significantly impaired cognitive function (defined as scoring at least 3 positive items out

of 7 in the cognitive function domain, with CAG beneficiaries in this study averaging 2 out of 7
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positive points), and by the presence or absence of behavior problems. The characteristics of the
institutions providing these services were also considered, with LTC institution capacity categorized
as less than 30, 3060, and more than 60. The number of staff, including nurses, social workers, and
nursing care workers (categorized as fewer than 10, 10-30, and more than 30 workers), along with
the ratio of staff to current beneficiaries at each facility (categorized as less than 0.5, 0.5-1.0, and
more than 1.0), were considered in the analysis. These LTC facility characteristics were considered
only for Day and Night Care services, not for home-visit LTC services.

Additionally, subgroup analyses were performed based on sex (male and female), age (less than
75 years, 75 to 85 years, more than 85 years), COVID-19 pandemic (using January 1st, 2020, as the
cutoff date), the severity of dementia as determined by cognitive enhancer dosage, and the type of
dementia at the index date. Dementia severity was classified as follows: participants taking over 360
c¢DDDs of donepezil, rivastigmine, or galantamine in the six months before the index date, or those
who had ever used memantine, were categorized as severe. Those who had never used cognitive
enhancers were categorized as mild, while the remaining participants were classified as moderate.

Several sensitivity analyses were conducted using alternative benchmarks for cognitive decline,
measured by increases in cognitive domain scores in increments of 1, 2, 4, or 5 out of 7 points instead
of the standard 3 out of 7 points. Another analysis included a separate LTCI category (Grade 5,
LTCI score 45-50) as a control group for the CAG to account for health behaviors associated with
LTCI enroliment. In this analysis, matching was further refined based on cognitive function domain
scores, exactly matched physical activity level, and based on another classification of cumulative
cognitive enhancer dosage due to small sample size. Additionally, alternative intervals were used
for cumulative LTC service usage (three-month for cumulation and three-month for outcome, one-
year for cumulation and three-month for outcome, and six-month for both cumulation and outcome).

All statistical analyses were conducted using SAS Enterprise Guide (version 9.4; SAS Institute),

with a two-tailed p-value of less than 0.05 set as the threshold for significance.
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V. Results

4.1. Baseline characteristics of participants

17,022 participants met the inclusion criteria, consisting of 8,511 CAG beneficiaries and 8,511
matched controls. Table 8 presents the baseline characteristics and standardized differences for
evaluating covariate balance between the CAG beneficiary and control groups. The mean age for
both groups was 78.0 years (standard deviation [SD]: 5.8 years), with 70.5% female participants in
each group.

In both groups, less than 30 cDDDs of cognitive enhancers were dispensed as follows: 18.6%
for donepezil, 98.5% for rivastigmine, 98.8% for galantamine, and 96.8% for memantine. For
donepezil use within the six months before and after the index date, 30.5% received 30-180 cDDDs
per year, 33.8% received 180-365 cDDDs per year, and 17.1% received more than 365 cDDDs per
year. Nearly half of the participants resided in provincial areas (48.9% of CAG beneficiaries and
50.1% of controls), while over half were classified as having high economic status.

No differences were observed between the CAG beneficiary group and the control group in
precisely matched characteristics, including age, sex, and cumulative cognitive enhancer dosages
within six months before and after the index date. Furthermore, no significant differences were noted

across other socioeconomic and health-related characteristics between case and control.
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Table 8. Baseline characteristics of the study participants

Variables

Matched controls

CAG beneficiaries

(%) or

(%) or

Standardized

n or mean (D) n or mean (sD) difference
Total 8511 (100) 8511 (100)
Age (years) 78.0 (5.8) 78.0 (5.8) -0.025
Cumulative dosage of cognitive
enhancers
Donepezil 0.000
Less than 30 cDDDs/year 1586 (18.6) 1586 (18.6)
30-180 cDDDs/year 2597 (30.5) 2597 (30.5)
180-365 cDDDs/year 2873 (33.8) 2873 (33.8)
More than 365 cDDDs/year 1455 (17.2) 1455 (17.1)
Rivastigmine 0.000
Less than 30 cDDDs/year 8386 (98.5) 8386 (98.5)
30-180 cDDDsl/year 77 0.9 77 0.9
180-365 cDDDs/year 36 0.9) 36 (0.4)
More than 365 cDDDs/year 12 0.1) 12 (0.1)
Galantamine 0.000
Less than 30 cDDDs/year 8406 (98.8) 8406 (98.8)
30-180 cDDDs/year 71 (0.8) 71 (0.8)
180-365 cDDDsl/year 27 (0.3) 27 0.3)
More than 365 cDDDs/year 7 (0.2) 7 (0.2)
Memantine 0.000
Less than 30 cDDDs/year 8238 (96.8) 8238 (96.8)
30-180 cDDDs/year 213 (2.5) 213 (2.5)
180-365 cDDDs/year 59 0.7) 59 0.7)
More than 365 cDDDs/year 1 (0.0) 1 (0.0)
Sex 0.000
Male 2510 (29.5) 2510 (29.5)
Female 6001 (70.5) 6001 (70.5)
Year of dementia diagnosis -0.022
2015 551 (6.5) 547 (6.4)
2016 793 9.3 804 9.4)
2017 1170 (13.7) 1138 (13.4)
2018 1707 (20.1) 1711 (20.1)
2019 1595 (18.7) 1570 (18.4)
2020 1385 (16.3) 1380 (16.2)
2021 1146 (13.5) 1154 (13.6)
2022 164 (1.9 207 (2.4)
Area of residence 0.020
Capital area 2636 (31.0) 2706 (31.8)
Metropolitan 1615 (19.0) 1647 (19.4)
Province (rural) 4260 (50.1) 4158 (48.9)
Economic status 0.061
Low 1552 (18.2) 1776 (20.9)
Middle 1769 (20.8) 1839 (21.6)
High 5190 (61.0) 4896 (57.5)
Insurance type -0.011
Self-employed 1486 (17.5) 1475 (17.3)
Employee 211 (2.5) 144 1.7)

24



Others 6814 (80.1) 6892 (81.0)
Disability -0.024
Without disability 7233 (85.0) 7032 (82.6)
With disability 1278 (15.0) 1479 (17.4)
Physical activity 0.066
Inactive 4874 (57.3) 5145 (60.5)
Insufficiently active 1229 (14.4) 1246 (14.6)
Sufficiently active 2408 (28.3) 2120 (24.9)
Alcohol status 0.004
Social drinker 4473 (52.6) 4504 (52.9)
Current drinker 4038 (47.4) 4007 (47.1)
Smoking status -0.013
Non-smoker 7162 (84.1) 7109 (83.5)
Past smoker 1102 (12.9) 1096 (12.9)
Current smoker 247 (2.9 306 (3.6)
Number of outpatient visits 0.022
(recent 3 years) '
less than 12 times/year 982 (11.5) 1133 (13.3)
12-24 times/year 2161 (25.4) 2081 (24.5)
24-48 times/year 3211 (37.7) 3101 (36.4)
more than 48 times/year 2157 (25.3) 2196 (25.8)
Number of admissions -0.018
(recent 3 years) '
no admission 3840 (45.1) 3785 (44.5)
1 time 1850 (21.7) 1810 (21.3)
more than 2 times 2821 (33.1) 2916 (34.3)
Charlson Comorbidity Index -0.010
0 2629 (30.9) 2681 (31.5)
1 2662 (31.3) 2566 (30.1)
2 1569 (18.4) 1519 (17.8)
3 or higher 1651 (19.4) 1745 (20.5)

Abbreviation: CAG; Cognitive Assistance Grade, cDDDs; cumulative defined daily doses
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4.2. The association between being a beneficiary after the expansion of

long-term care insurance and dementia progression

Figure 3 illustrates the cumulative incidence of the primary outcome, cognitive decline,
throughout the entire follow-up period, with statistical significance observed (p < 0.0001, log-rank
test). Participants with a follow-up duration of less than 180 days were excluded from the analysis.

Supplementary Table 2 presents the association between the expansion of and dementia
progression, along with other health outcomes. The mean follow-up duration was 851 days (SD:
442) for non-beneficiaries and 804 days (SD: 439 days) for CAG beneficiaries. Compared to the
matched control group, CAG beneficiaries showed a higher likelihood of cognitive decline (HR:
3.329, 95% CI: 3.000-3.695). Secondary outcomes related to dementia progression, such as four
cognitive enhancer dosage indicators and delirium diagnosis (HR: 1.617, 95% CI: 1.295-2.018),
were statistically significant. Mental health outcomes, including depression diagnosis (HR: 1.223,
95% CI: 1.061-1.410), and physical health outcomes, such as all-cause mortality (HR: 1.297, 95%
Cl: 1.215-1.384) and CVD diagnosis (HR: 1.334, 95% CI. 1.160-1.533), also reached statistical
significance. Femur fracture (HR: 0.999, 95% CI: 0.863-1.156) showed no statistical significance,
serving as a control outcome.

The results of the sensitivity analysis using an alternative control group (Group 5, with an LTCI
score of 45-50) are shown in Supplementary Table 3. This analysis included 2,028 CAG
beneficiaries and 2,028 LTCI Grade 5 beneficiaries. No statistically significant difference in
cognitive decline was observed between the two groups (HR: 1.056, 95% CI: 0.902-1.236).
However, among CAG beneficiaries, there was a significant increase in the risk of dementia
progression, as measured by cognitive enhancer dosage and depression diagnosis (HR: 1.840, 95%
Cl: 1.337-2.533), compared to Grade 5 beneficiaries. Additionally, CAG beneficiaries were less
likely to experience physical and mental dependency (HR: 0.615, 95% Cl: 0.491-0.771).

Supplementary Table 4 illustrates a dose-dependent relationship between frequency of LTC
service utilization among CAG and Grade 5 beneficiaries. The reference group consisted of LTCI
Grade 5 beneficiaries who did not use any LTC services. Compared to this reference, no statistically
significant differences were observed across varying levels of LTC service use for both CAG and
Grade 5 groups. In the Grade 5 group, no significant dose-dependent trend was found (p-for-trend:
0.3153), while in CAG beneficiaries, a marginally significant dose-dependent decrease in cognitive

decline was observed as LTC service utilization frequency increased (p-for-trend: 0.0609).
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4.3. The association between long-term care service utilization and

cognitive decline among Cognitive Assistance Grade beneficiaries

Table 9 presents dose-dependent analyses of LTC service utilization frequency among CAG
beneficiaries over a six-month period. Utilizing LTC services More than 20 times/month exhibited
a significantly reduced risk of cognitive decline compared to no utilization of LTC services (HR:
0.696, 95% CI: 0.598-0.809). Furthermore, a dose-response trend demonstrated that higher
frequencies of LTC service use were associated with a progressively lower risk of cognitive decline
(p-for-trend: <0.0001).

Compared to no utilization of LTC services, a significantly higher risk of increased cognitive
enhancer dosage was observed, particularly among those utilizing LTC services More than 20
times/month, with a significant dose-dependent trend. Specifically, a statistically significant risk and
dose-dependent trend were evident for the initial use or dosage increase of cognitive enhancers (HR:
1.124,95% CI: 1.001-1.262, p-for-trend: 0.0371), initial use or dosage increase of memantine (HR:
1.272, 95% CI: 1.102-1.469, p-for-trend: 0.0009), maximum dosage administration of cognitive
enhancers (HR: 1.180, 95% CI: 1.031-1.351, p-for-trend: 0.0087), and maximum dosage
administration of memantine (HR: 1.439, 95% Cl: 1.238-1.674, p-for-trend: <0.0001).

A significantly increased risk of delirium diagnosis was observed with LTC service utilization
exceeding 20 times per month, following a dose-dependent trend (HR: 1.684, 95% ClI: 1.070-2.651,
p-for-trend: 0.0286). In contrast, a dose-dependent decrease in the risk of physical and mental
dependency (LTCI Grades 1 or 2) was identified (p-for-trend: <0.0001). No significant trends were
noted for the risks of depression, cardiovascular disease diagnoses, all-cause mortality, or femur

fracture, the latter serving as a negative control.
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Table 9. The association between long-term care service utilization and cognitive decline or

other health outcomes

. Hazard ratio p-for-
Variables OR 95% CI trend
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.054 0.772 - 1.440 <0.0001
10-20 times/month 0.879 0.632 - 1.223 '
More than 20 times/month 0.696 0.598 - 0.809
Initial use or dosage increase of cognitive
enhancers
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.301 1.022 - 1.656 0.0371
10-20 times/month 1.242 0.973 - 1.586 '
More than 20 times/month 1.124 1.001 - 1.262
Initial use or dosage increase of memantine
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.456 1.078 - 1.966 0.0009
10-20 times/month 1.306 0.959 - 1.779 '
More than 20 times/month 1.272 1.102 - 1.469
Maximum dosage administration of cognitive
enhancers
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.742 1.347 - 2.252 0.0087
10-20 times/month 1.676 1.298 - 2.163 '
More than 20 times/month 1.180 1.031 1.351
Maximum dosage administration of
memantine
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.552 1.129 - 2.133 <0001
10-20 times/month 1.786 1.333 - 2.393 '
More than 20 times/month 1.439 1.238 - 1.674
Delirium diagnosis
Frequency of LTC service utilization
No LTC service 1.000 -
Less than 10 times/month 1.422 0.504 - 4.014 0.0286
10-20 times/month 0.998 0.306 - 3.257 '
More than 20 times/month 1.684 1.070 2.651
Emergency room visit due to dementia
Frequency of LTC service utilization
No LTC service 1.000 05711
Less than 10 times/month 2.917 0.619 - 13.740 '
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10-20 times/month 2.737 0.581 12.894
More than 20 times/month 1.291 0.484 3.440
Physical/mental dependency (Grade 1 or 2)
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.558 1.026 2.367 <0.0001
10-20 times/month 1.055 0.650 1.712 '
More than 20 times/month 0.521 0.399 0.681
Depression diagnosis
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.407 0.704 2.811 0.6811
10-20 times/month 1.773 0.965 3.259 '
More than 20 times/month 1.046 0.745 1.470
All-cause mortality
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.732 1.356 2.211 0.0627
10-20 times/month 1.140 0.856 1.517 '
More than 20 times/month 0.885 0.772 1.014
Cardiovascular or cerebrovascular disease
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.291 0.693 2.408 0.8164
10-20 times/month 1.668 0.969 2.871 '
More than 20 times/month 1.011 0.751 1.360
Femur fracture diagnosis
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.451 0.142 1.429 0.6636
10-20 times/month 1.285 0.644 2.563 '
More than 20 times/month 1.052 0.754 1.468

Abbreviation: HR; hazard ratio, CI; confidence interval, LTC; long-term care
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4.4. Subgroup analyses based on dementia patient and institutional

characteristics

Subgroup analyses stratified by the presence of cognitive symptoms or behavioral problems at
the index date (Table 10) revealed that dementia patients with mildly impaired cognitive function
had a significantly lower risk of cognitive decline with LTC service utilization exceeding 20 times
per month compared to no utilization, following a dose-dependent decreasing trend (HR: 0.732, 95%
Cl: 0.617-0.869, p-for-trend: 0.0069). Similar findings were observed among dementia patients
without behavioral symptoms (HR: 0.669, 95% CI: 0.568-0.788, p-for-trend: <0.0001).

Table 10. Subgroup analyses based on cognitive or behavioral dementia symptoms

) Hazard ratio p-for-
Variables OR 95% Cl trend
Mildly impaired cognitive function
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.188 0.845 - 1.670 0.0006
10-20 times/month 1.077 0.763 - 1.522 '
More than 20 times/month 0.732 0.617 - 0.869
Significantly impaired cognitive function
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.841 0.388 - 1.820 0.1464
10-20 times/month 0.346 0.109 - 1.094 '
More than 20 times/month 0.785 0.565 - 1.092
Without behavior problem
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.049 0.750 - 1.468 <0001
10-20 times/month 0.838 0.585 - 1.201 '
More than 20 times/month 0.669 0.568 - 0.788
With behavior problem
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.090 0.471 - 2.522 0.5545
10-20 times/month 1.178 0.507 - 2.740 '
More than 20 times/month 0.882 0.593 - 1.311

Abbreviation: HR; hazard ratio, Cl; confidence interval, LTC; long-term care, n.a; not applicable
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Subgroup analyses based on dementia patient characteristics—including age group, sex,
dementia severity (measured by cumulative cognitive enhancer dosage), and the impact of the
COVID-19 pandemic (2020 cutoff)—are summarized in Table 11. The results were largely
consistent with the main findings, demonstrating that LTC service utilization exceeding 20 times
per month was linked with a lower likelihood of cognitive decline compared to non-utilization,
with a dose-dependent reduction in risk observed with increased frequency of LTC service use.

Participants under 85 years old exhibited a significant dose-dependent reduction in the risk
of cognitive decline with increased LTC service utilization, whereas no significant trend was
observed among those older than 85 years (p-for-trend: 0.0190 for participants under 75 years, p-
for-trend: 0.0001 for ages 75-85, and p-for-trend: 0.0956 for those over 85 years). Dementia
patients across all sexes and severity levels also demonstrated a dose-dependent decrease in
cognitive decline risk. This pattern of gradual risk reduction was evident in Alzheimer’s disease

(p-for-trend: <0.0001) but not in other types of dementia.

Table 11. Subgroup analyses based on characteristics of dementia patients

. Hazard ratio p-for-
Variables OR 95% CI trend
Aged less than 75 years
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.795 0.390 - 1.622 0.0190
10-20 times/month 1.079 0.599 - 1.944 '
More than 20 times/month 0.705 0.528 - 0.942
Aged 75-85
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.991 0.669 - 1.467 0.0001
10-20 times/month 0.843 0.557 - 1.277 '
More than 20 times/month 0.692 0.573 - 0.835
Aged more than 85 years
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 2.212 1.012 - 4.838 0.0956
10-20 times/month 0.530 0.126 - 2.229 '
More than 20 times/month 0.676 0.393 - 1.162
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Male

Cognitive decline
Frequency of LTC service utilization

No LTC service 1.000
Less than 10 times/month 1.103 0.625 1.947 0.0017
10-20 times/month 0.840 0.443 1.593 '
More than 20 times/month 0.614 0.452 0.835
Female
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.035 0.713 1.503 0.0003
10-20 times/month 0.895 0.609 1.316 '
More than 20 times/month 0.725 0.609 0.863
Mild dementia severity
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.827 0.361 1.895 0.0323
10-20 times/month 1.489 0.792 2.798 '
More than 20 times/month 0.634 0.434 0.925
Moderate dementia severity
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.085 0.732 1.608 0.012
10-20 times/month 0.677 0.421 1.088 '
More than 20 times/month 0.741 0.612 0.897
Severe dementia severity
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.172 0.613 2.241 0.0056
10-20 times/month 0.993 0.502 1.965 '
More than 20 times/month 0.626 0.450 0.871
Alzheimer's disease
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.095 0.789 1.520 <0.0001
10-20 times/month 0.789 0.545 1.142 '
More than 20 times/month 0.699 0.594 0.821
Vascular dementia
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.412 0.057 2.968 0.1247
10-20 times/month 1.347 0.417 4.354
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More than 20 times/month 0.596 0.321 1.107
Other types of dementia
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.126 0.342 3.704 0.4674
10-20 times/month 1.753 0.674 4,554 '
More than 20 times/month 0.770 0.428 1.386
Before 2020
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.113 0.705 1.756 0.0173
10-20 times/month 1.220 0.796 1.869 '
More than 20 times/month 0.771 0.629 0.945
After 2020
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.969 0.633 1.485 <0.0001
10-20 times/month 0.590 0.350 0.995 '
More than 20 times/month 0.616 0.491 0.772

Abbreviation: HR; hazard ratio, Cl; confidence interval, LTC; long-term care
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4.5. Subgroup analyses categorized by the type of long-term care service

Subgroup analyses based on different types of LTC services, including Day and Night Care
services and home-visit LTC services provided at the beneficiary’s residence (e.g., home visit care,
bathing, and nursing), are detailed in Table 12 and Supplementary Table 5. For Day and Night
Care services alone, LTC utilization of fewer than 10 times per month was linked with a significantly
higher risk of cognitive decline compared to non-utilization, but no dose-dependent trend was
observed (HR: 1.591, 95% CI: 1.149-2.202, p-for-trend: 0.1887). In contrast, home-visit service
utilization showed a significant decrease in cognitive decline risk across all frequency levels, with a
significant dose-dependent trend (HR: 0.500, 95% CI: 0.295-0.847 for fewer than 10 times per
month; HR: 0.564, 95% CI: 0.332-0.958 for 10-20 times per month; and HR: 0.501, 95% CI: 0.386—
0.651 for More than 20 times/month; p-for-trend: <0.0001).

Table 12. Subgroup analyses based on different types of long-term care service utilization

. Hazard ratio p-for-
Variables AR 95% CI trend
Only inclusion of Day and night care
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.591 1149 - 2202 0.1887
10-20 times/month 1.336 0930 - 1919 '
More than 20 times/month 0.872 0.740 - 1.027
Only inclusion of home-visit nursing, bathing, and care
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.500 0295 - 0.847 <0.0001
10-20 times/month 0.564 0332 - 0958 '
More than 20 times/month 0.501 0.386 - 0.651

Abbreviation: HR; hazard ratio, Cl; confidence interval, LTC; long-term care
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Subgroup analyses categorized by the characteristics of LTC facilities utilized by LTCI
beneficiaries during Day and Night Care services are presented in Table 13 and Supplementary
Table 6. Among participants utilizing Day and Night Care services in facilities with a staff-to-
beneficiary ratio greater than 1.0, a significant decrease in the risk of cognitive decline was observed
with utilization of Day and Night Care services More than 20 times/month, following a dose-
dependent decreasing trend (HR: 0.655, 95% CI: 0.456-0.940, p-for-trend: 0.0311).

Table 13. Subgroup analyses based on the characteristics of long-term care facility

. Hazard ratio p-for-
Variables OR 95% Cl trend
Ratio of staff to beneficiaries less than 0.5
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.745 1.225 - 2.486 0.2864
10-20 times/month 1.278 0.855 - 1.910 '
More than 20 times/month 0.879 0.732 - 1.055
Ratio of staff to beneficiaries 0.5-1.0
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.722 0.180 - 2.897 0.0459
10-20 times/month 0.493 0.069 - 3.515 '
More than 20 times/month 0.564 0.309 - 1.029
Ratio of staff to beneficiaries more than 1.0
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.838 0.313 - 2.244 0.0311
10-20 times/month 1.448 0.600 - 3.497 '
More than 20 times/month 0.655 0.456 - 0.940
. Hazard ratio p-for-
Variables AR 95% CI trend
LTC facilities with fewer than 10 staff members
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.263 0.755 - 2.113 0.1549
10-20 times/month 1.663 1.049 - 2.635 '
More than 20 times/month 0.803 0.640 - 1.007

LTC facilities with 10 to 30 staff members
Cognitive decline
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Frequency of LTC service utilization

No LTC service 1.000
Less than 10 times/month 1.493 0.932 - 2.392 0.1445
10-20 times/month 0.915 0.491 - 1.707 '
More than 20 times/month 0.841 0.674 - 1.049
LTC facilities with more than 30 staff members
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 2.213 1.246 - 3.929 0.5060
10-20 times/month 1.273 0.567 - 2.858 '
More than 20 times/month 0.867 0.652 - 1.154
. Hazard ratio p-for-
Variables AR 95% CI trend
LTC facility capacity less than 30
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.369 0.916 - 2.047 0.0700
10-20 times/month 1.291 0.857 - 1.946 '
More than 20 times/month 0.811 0.669 - 0.984
LTC facility capacity 30-60
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.903 1.098 - 3.298 0.3486
10-20 times/month 1.306 0.649 - 2.626 '
More than 20 times/month 0.854 0.662 - 1.101
LTC facility capacity more than 60
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.128 0.467 - 2.725 0.1006
10-20 times/month 1.065 0.342 - 3.311 '
More than 20 times/month 0.732 0.512 - 1.047

Abbreviation: HR; hazard ratio, CI; confidence interval, LTC; long-term care
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4.6. Sensitivity analyses based on alternative intervals for long-term care

service utilization and alternative criteria for cognitive decline

Sensitivity analyses using alternative intervals for the accumulation of LTC service utilization
and outcome occurrence, rather than the standard six-month accumulation and three-month outcome
period, are presented in Table 14. These analyses showed a significant decrease in the risk of
cognitive decline with LTC utilization exceeding 20 times per month, consistent with the main
outcomes, demonstrating a dose-dependent reduction in risk with increased LTC utilization.

Table 15 presents results based on alternative benchmarks for cognitive decline, defined by
increases in cognitive domain scores by 1, 2, 4, or 5 points out of 7, instead of the standard 3-point
benchmark. The findings were generally consistent with the main outcomes across all alternative
thresholds.

Table 14. Sensitivity analyses based on alternative intervals for utilization and outcome

. Hazard ratio p-for-
Variables OR 95% Cl trend
One-year for cumulation and three-month for outcome
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.834 0.509 - 1.364 <0.0001
10-20 times/month 0.832 0.475 - 1.456 '
More than 20 times/month 0.611 0.494 - 0.757
Three-month for cumulation and three-month for outcome
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.966 0.775 - 1.205 <0.0001
10-20 times/month 0.839 0.717 - 0.982 '
More than 20 times/month 0.688 0.601 - 0.789
Six-month for cumulation and six-month for outcome
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 0.954 0.744 - 1.222 <0.0001
10-20 times/month 0.824 0.636 - 1.068 '
More than 20 times/month 0.737 0.659 - 0.825

Abbreviation: HR; hazard ratio, CI; confidence interval, LTC; long-term care
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Table 15. Sensitivity analyses based on alternative criteria for cognitive decline

. Hazard ratio p-for-
Variables IR 95% C trend
Increments of 1 out of 7 points
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.182 0.996 - 1.404 0.0030
10-20 times/month 1.026 0.854 - 1.233 '
More than 20 times/month 1.123 1.042 - 1.210
Increments of 2 out of 7 points
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.122 0.905 - 1.392 0.1033
10-20 times/month 0.928 0.735 - 1.170 '
More than 20 times/month 0.924 0.837 - 1.020
Increments of 4 out of 7 points
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.226 0.783 - 1.921 0.0001
10-20 times/month 0.717 0.409 - 1.256 '
More than 20 times/month 0.638 0.502 - 0.810
Increments of 5 out of 7 points
Cognitive decline
Frequency of LTC service utilization
No LTC service 1.000
Less than 10 times/month 1.223 0.638 - 2.344 0.0761
10-20 times/month 0.689 0.302 - 1.571 '
More than 20 times/month 0.757 0.546 - 1.049

Abbreviation: HR; hazard ratio, Cl; confidence interval, LTC; long-term care
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V. Discussion

5.1. Results discussion

This study found out the linkage between the expansion of LTCI for dementia patients and the
progression of dementia, as well as its impact on other mental and physical health outcomes. Dose-
dependent analyses revealed a lower likelihood of cognitive decline among individuals utilizing LTC
services More than 20 times/month, with a consistent dose-dependent reduction in risk as service
utilization increased. Conversely, an increased risk of cognitive enhancer dosage escalation,
maximum dosage administration, and delirium was observed, following a dose-dependent trend.
These dose-dependent patterns were generally consistent across subgroup analyses. Meanwhile,
when compared to LTCI non-beneficiaries, CAG beneficiaries exhibited a higher risk of dementia
progression, including cognitive decline.

Several mechanisms may explain the dose-dependent decrease trend of cognitive decline. A
dose-dependent decrease in cognitive decline was observed with increased frequency of LTC service
use, suggesting that LTC services could help slow dementia progression and reduce all-cause
mortality. CAG beneficiaries had access to a range of LTC services, including activities to support
daily living, creativity, memory, physical ability, sensory engagement, and cognitive function—all
tailored to assist older adults with dementia®®. Previous research has demonstrated the effectiveness
of such interventions; for example, the introduction of cognitive training programs for LTCI
beneficiaries in Korea in 2014 led to significantly less cognitive decline compared to non-
beneficiaries®. Additionally, CAG beneficiaries are likely to experience benefits from greater social
participation and enhanced access to dementia-related information through interactions with other
beneficiaries in Day and Night Care facilities. This exposure, in the context of the TPB, can foster
favorable attitudes, enhance understanding of dementia management, and support physical health
maintenance, thereby contributing to improved overall health outcomes. Additionally, the
effectiveness of social participation in reducing the risk of dementia is well-documented’®".

CAG beneficiaries who utilized LTC services were more likely to engage in proactive dementia
management behaviors. Such proactive behaviors often extend to applying for LTCI, which requires
an eligibility assessment by the NHI, leading to periodic reassessments and updates on dementia
status. This proactive approach may be driven more by caregivers than the beneficiaries themselves.

Given the common tendency of dementia patients to disregard or deny their diagnosis—a factor
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contributing to the high rates of underdiagnosis—caregivers may seek higher LTCI grades to access
more comprehensive services with reduced out-of-pocket expenses, especially in difficult
occupational or financial situations’>73, A reverse association is also possible, wherein patients with
less advanced dementia might be more likely to utilize LTC benefits more frequently. However, the
inconsistent trends observed in the risk of delirium and emergency room visits suggest that more
frequent LTC service utilization is linked with a decreased risk of cognitive decline.

The dose-dependent trends in cognitive decline reduction were especially notable among
individuals under 85 years of age or with mildly impaired cognitive function or without behavioral
symptoms, suggesting that early LTC intervention for dementia patients may be more effective. This
trend persisted in home-visit LTC services, including nursing, bathing, and care, and showed
marginal significance in Day and Night Care services. These differences may stem from the
personalized, patient-centered approach of home-visit LTC services compared to the more group-
based approach of Day and Night Care. Home-based interventions that incorporate individualized
exercise programs and environmental modifications—such as hazard removal and adaptive
equipment installation—have been shown to help prevent functional decline in physically frail older
adults™. The importance of patient-tailored LTC interventions is further underscored by the
significant dose-dependent decrease in cognitive decline observed exclusively among dementia
patients who used facilities with a staff-to-beneficiary ratio greater than 1.0 or with more than 30
staff members.

The more frequent older adults with dementia utilize LTC service, the higher cognitive dosage
risk was. However, these trends had disappeared in dementia patients focusing on home-visit LTC
services (Day and Night Care services were not included) utilization. In facility, there would be more
likely interpersonal interaction among LTCI beneficiaries, compared to home-visit LTC service.
Based on TPB, this interaction could fertilize favorable intention to using cognitive enhancers. Also,
it is possible that it is proactive or impossible to care for their patients’ caregivers would be more
likely to provide management to their patients. This intention may be neither effective nor
appropriate for dementia management, as the dose-dependent decrease in the risk of cognitive
decline showed only marginal significance (p-for-trend: 0.0589). This is further supported by the
sustained dose-dependent increase observed among dementia patients using facilities with a staft-
to-beneficiary ratio below 0.5, smaller capacity, or fewer staff members. In comparisons between

CAG and Grade 5 beneficiaries who started with similar cognitive function domain scores and
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cognitive enhancer dosages, CAG beneficiaries were more likely to increase their enhancer dosage,
and this result would support the ineffectiveness of increasing dosage of cognitive enhancers.

The comparison between CAG beneficiaries and LTCI non-beneficiaries with dementia
diagnoses indicates that CAG beneficiaries likely had more severe baseline dementia and overall
poorer health status. This suggests that CAG beneficiaries were more likely to exhibit symptoms or
have needs requiring LTC services compared to non-beneficiaries. This is supported by significantly
higher risks observed across all dementia progression indicators, including cognitive decline and
delirium diagnosis. Significant findings in all-cause mortality, depression diagnosis, physical or
mental dependency, and CVD diagnosis further indicate marked health differences between CAG
beneficiaries and non-beneficiaries, despite the latter's eligibility for CAG registration. Femur
fractures, included as a control outcome unrelated to dementia, showed no significant association in
this study. In contrast, differences in dementia progression risk between CAG beneficiaries and LTCI
Grade 5 beneficiaries were minimal. Overall, the dementia profiles of CAG beneficiaries align more
closely with those of LTCI Grade 5 beneficiaries than with non-beneficiaries with dementia.
Additional research is required to explore the characteristics, health conditions, and reasons behind

the lack of LTCI applications among eligible non-beneficiaries.

5.2. Method discussion

A retrospective observational design was chosen due to the impracticality of conducting a
prospective study, as the LTCI expansion was implemented nationwide, making it ethically
challenging to exclude eligible beneficiaries. Retrospective designs offer several advantages,
including the ability to identify all eligible cases and controls efficiently and the feasibility of
studying dementia progression, particularly in patients with severe dementia who are otherwise
difficult to research.

An individual-level approach was adopted instead of an aggregated population-level approach
to provide a more detailed and precise assessment of the effects of LTCI expansion and LTC service
utilization. Additionally, since the 2018 LTCI expansion was applied universally to the dementia
population in Korea, selecting a control group for the expansion was not feasible, further justifying

the use of an individual-level design.
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5.3. Strengths and limitations

This study has key strengths, being the first to evaluate the risk of dementia progression and
other physical and mental health outcomes linked to the expansion of LTCI to universal coverage
for dementia patients. Research on the impact of LTCI expansion on health outcomes has been
limited, making this study particularly relevant for future LTCI policy planning. The study utilized
data from half of all dementia patients in Korea and employed robust, prospectively collected
prescription-based data. The gigantic sample size including half of all dementia patients and
retrospective design allowed for the identification of associations between insurance coverage
changes and health outcomes among all eligible participants, which would be challenging to achieve
through RCTs due to ethical concerns and selection bias.

However, the study also has several limitations. The lack of cohort data prevented analysis of
essential health-related variables, including dementia severity. Although proxy indicators were used,
these variables may not directly reflect the cognitive function. Repeated neuropsychological test
results would be necessary to establish clearer associations and causality. Additionally, detailed LTC
interventions during Day and Night Care services were lacking. The self-reported nature of several
covariates, including physical exercise, smoking status, and alcohol consumption may introduce
inaccuracies. Moreover, these covariates were collected during biannual screening tests, which may
not accurately reflect participant characteristics at the exact index date. Despite rigorous inclusion
criteria for dementia, the potential for misdiagnosis and fraudulent claims among LTCI beneficiaries
cannot be eliminated. While significant efforts were made to match variables such as dementia
severity, diagnosis dates, and proxy indicators of health-related behaviors (including the availability
of health screening results), it is feasible that CAG beneficiaries were more prone to reassessment
of their LTC scores or to more actively manage their dementia condition. This active management
could potentially result in an apparent increase in dementia severity as indicated by these proxy
markers. Moreover, an inverse association between the frequency of LTC service utilization and the
severity of health problems would be possible; more frequent users of LTC services tended to be
healthier. This could reflect a scenario where higher engagement with LTC services, possibly due
to better overall health or more proactive health management, leads to better health outcomes.
Finally, as the study focused exclusively on registered Korean individuals, further research is

required to assess the generalizability to other populations.
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5.4. Policy implications

The results suggest that expanding LTCI coverage to encompass a broader range of senile
diseases beyond dementia could be beneficial. Although non-beneficiaries typically displayed
milder forms of dementia, the use of LTC services has shown effectiveness in slowing cognitive
decline and supporting physical health, making it advantageous for this group as well. Early
intervention with LTC services may also be more effective, as the benefits of LTC service utilization
were generally maintained among relatively younger older adults and those with early stage of
dementia. Additionally, no significant dose-dependent decrease trend based on LTC service
utilization was observed in Grade 5 beneficiaries, who typically had more severe dementia compared
to CAG beneficiaries, supporting the potential advantage of earlier LTC intervention. Moreover,
from the perspective of LTCI facilities, a higher ratio of LTC workers to beneficiaries and patient-
tailored interventions are essential. Improvements in offline facilities and program offerings within
LTC services are also needed to enhance the quality of care.

Despite the expansion of LTCI coverage to all older adults with dementia in January 2018, a
substantial number did not enroll, possibly due to limited awareness of LTC services' benefits and
available financial support. Furthermore, non-beneficiaries with dementia appeared less likely to
have their LTCI scores reassessed and were generally less proactive in managing cognitive decline
and other dementia-related symptoms. To address this, initiatives such as extensive public awareness
campaigns or automatic enrollment could be implemented to emphasize the importance of regular
health monitoring, reassessment, and active management. These strategies should be considered
alongside universal LTCI coverage to promote broader and more effective utilization. Given the
potential differences in baseline characteristics between CAG beneficiaries and non-beneficiaries,
alternative interventions or grouping strategies may be necessary for the current non-beneficiaries.

Nevertheless, the cost-effectiveness of expanding LTCI coverage requires careful consideration.
Between 2018 and 2022, the financial budget for home-care services increased by 106.5%, and for
Day and Night Care services by 142.3% (with a 51.7% increase for institutional care services and
an 81.7% increase in total LTCI funding), while citizens' contribution rates rose by 75.5% over the
same period. Additionally, the dementia prevalence among Koreans is projected to reach 22.3%,
further straining LTCI finances. Introducing universal coverage could place a substantial financial
burden on both citizens and the government. Further research is essential to evaluate LTCI budget

allocations relative to the potential savings and social benefits of universal coverage.
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Supplementary Table 1. ICD-10 codes or Korea Major Ingredient Codes were utilized in the

analyses
. ICD-10 code (diagnosis) or
Variables Korea major ingredient code (medication)
Dementia F00, FO1, FO2, FO3, G30
Secondary outcomes
Delirium F05
Depression F32, F33
Femur fracture S72
Comorbidity
Acute myocardial infarction 121, 1252
Congestive heart failure 150
Cerebral vascular disease 160, 161, 162, 163, 164, 169
Peripheral vascular disease 1702, 173

Chronic pulmonary disease

Connective tissue disease
Peptic ulcer

Mild liver disease

Severe liver disease

Diabetes without chronic complication

Diabetes with chronic complication

Hemiplegia

Chronic renal disease

Cancer without metastasis

Metastatic carcinoma
AIDS

Cognitive enhancer

Donepezil
Rivastigmine

Galantamine

Memantine

Selective serotonin reuptake inhibitor

Fluoxetine
Paroxetine
Sertraline
Escitalopram
Vortioxetine
Fluvoxamine
Citalopram

Selective norepinephrine reuptake inhibitor

Venlafaxine
Desvenlafaxine
Duloxetine

J42,J43, J44, )45, )46, JAT7, J60, J61, J62, J63, J64, J65, J66, J67,
J701, J703

MO05, M06, M30, M31, M32, M33, M34, M35, M36, M45

K25, K26, K27, K28

B18, K704, K711, K7131, K714, K715, K73, 2944

K703, K717, K721, K729, K743, K744, K745, K746, 185, 1864, 1982
E100, E101, E106, E108, E109, E110, E111, E116, E118, E119,
E120, E121, E126, E128, E129, E130, E131, E136, E138, E139,
E140, E141, E146, E148, E149

E102, E103, E104, E105, E107, E112, E113, E114, E115, E117,
E122, E123, E124, E125, E127, E132, E133, E134, E135, E137,
E142, E143, E144, E145, E147

G041, G114, G801, G81, G82, G830, G831, G832, G833, G834
G839

N18, 7940, 7491, 7492, 7992, T861
C00,C01,C02,C03,C04,C05,C06,C07,C08,C09,C10,C11,C12,C13,C
14,C15,C16,C17,C18,C19,C20,C21,C22,C23,C24,C25,C26,C30,C31
,C32,C33,C34,C37,C38,C39,C40,C41,C43,C45,C46,C47,C48,C49,C
50,C51,C52,C53,C54,C55,C56,C57,C58,C60,C61,C62,C63,C64,C65
,C66,C67,C68,C69,C70,C71,C72,C73,C74,C75,C76,C81,C82,C83,C
84,C85,C88,C90,C91,C92,C93,C94,C95,C96,C97

C77,C78, C79, C80

B20, B21, B22, B24

148601ATB, 148601ATD, 148602ATB, 148602ATD, 148603ATB,
643401ATD, 643402ATD

224506CPC, 224507CPC, 224508CPC, 224501ACH, 224503ACH,
224504ACH, 224505ACH

385203ACR, 385203ATR, 385204ACR, 385204ATR, 385205ACR,
385205ATR

190031ALQ, 190001ATB, 190003ATD, 190004ATB, 190004ATD

161501ACH, 161501ATB, 161502ACH, 161502ATB, 161502ATD
209301ATB, 209302ATB, 209304ATB, 209305ATB,

227001ATB, 227002ATB, 227003ATB

474801ATB, 474802ATB, 474803ATB, 474804ATB

628501ATB, 628502ATB, 628503ATB

162501ATB, 162502ATB

428301ATB

247502ACR, 247504ACR

626401ATR, 626402ATR
495501ACE, 495501ATE, 495502ACE, 495502ATE
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Milnacipran 355801ACH, 355802ACH, 355803ACH

. . 196201ATB, 196201ATD, 196202ATB, 196202ATD, 196204ATB,
Mirtazapine

196204ATD,
Trazodone 242901ACH, 242901ATB, 242902ATB, 242903ATB
Bupropion 428101ATB, 428102ATB, 428103ATB
Tianeptine sodium 229601ATB
Agomelatine 613101ATB

Antipsychotics
167903ATB, 167904ATB, 167905ATB, 167906ATB, 167908ATB,

Haloperidol 167930B1J, 16803081

Rispericone 224201ATB, 224201ATD, 224202ATB, 224202ATD, 224203ATB,
224204ATB. 224204ATD. 224205B1J, 224206B1]

Olanzapine 204001ATB, 204001ATD, 204002ATB, 204002ATD, 204004ATB,
204005ATB, 204001B1J
378601ATB, 378602ATB, 378603ATB, 378606ATR, 378604ATB,

Quetiapine 378607ATR, 378605ATB, 378605ATR. 378608ATR. 378609ATR.
378610ATR

Ziprasidone 464901ACH, 464902ACH, 464903ACH, 464904ACH

Avipiprazole 451501ATB, 451501ATD, 451502ATB, 451502ATD, 451503ATB,
451505ATB, 451505ATB. 451508ATB, 451506B1J, 451507B1)
503201ATR, 503202ATR, 503203ATR. 586430B1J. 586431B1J,

Paliperidone 586432B1J, 586433B1J, 586434B1J, 586435B1J, 586436B1J,
586437B1). 586438B1J, 586439B1J, 586440B1J

Clozapine 137501ATB, 137502ATB, 137503ATB, 137504ATB

Amisulpride 420002ATB. 420003ATB. 420004ATB

Blonanserin 511301ATB. 511302ATB, 511303ATB

Zotepine 250801ATB, 250802ATB, 250803ATB

Abbreviation: ICD-10; International Statistical Classification of Diseases and Related Health Problems 10th
Revision, AIDS; Acquired Immune Deficiency Syndrome
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Supplementary Table 2. The association between being a Cognitive Assistance Grade
beneficiary and cognitive decline and other health outcomes

Number Number Incidence rate per Hazard ratio
Variables of subjects  of events 1,000 person-year
n n IR 95% CI HR 95% CI

Cognitive decline

Matched controls 8511 469 23.32 21.34 - 2548 1.000

CAG beneficiaries 8511 1453 75.88 72.22 - 79.72 3.329 3.000 - 3.695
Initial use or dosage
increase of cognitive
enhancers

Matched controls 8511 2775 17541 168.68 - 18240  1.000

CAG heneficiaries 8511 3628 252656 24421 - 26139 1410 1342 - 1481
Initial use or dosage
increase of
memantine

Matched controls 8511 1165 61.92 5848 -  65.56 1.000

CAG heneficiaries 8511 1916 109.28 10454 - 11424 1771 1.647 - 1.905
Maximum dosage
administration of
cognitive enhancers

Matched controls 8511 1420 76.98 7311 - 81.06 1.000

CAG beneficiaries 8511 2227 130.44 12520 - 135.89 1704 1594 - 1.821
Maximum dosage
administration of
memantine

Matched controls 8511 908 47.18 44.23 50.31 1.000

CAG beneficiaries 8511 1560 86.00 81.90 - 90.30 184 1695 - 1.996
Delirium diagnosis

Matched controls 8511 127 6.26 5.26 - 7.45 1.000

CAG heneficiaries 8511 203 10.11 8.81 - 11.60 1617 1295 - 2.018
Emergency room visit
due to dementia

Matched controls 8511 37 1.82 1.32 - 251 1.000

CAG heneficiaries 8511 48 2.37 1.78 - 3.14 1.302 0.848 - 1.999
Physical/mental
dependency
(Grade 1or 2)

Matched controls 8511 296 14.60 13.05 - 16.33 1.000

CAG heneficiaries 8511 606 30.24 2799 - 3267 2105 1.832 - 2419
Depression diagnosis

Matched controls 8511 348 17.65 1588 - 19.63 1.000

CAG beneficiaries 8511 423 21.70 19.71 - 23.89 1223 1.061 - 1410
All-cause mortality

Matched controls 8511 1613 78.92 75.41 - 82.59 1.000

CAG beneficiaries 8511 2069 101.64 97.77 - 105.67 1297 1215 - 1384
Cardiovascular or
cerebrovascular
disease

Matched controls 8511 348 17.46 15.72 - 19.40 1.000

CAG beneficiaries 8511 458 23.32 21.27 - 25.57 1334 116 - 1533
Femur fracture

Matched controls 8511 358 18.01 16.23 - 19.98 1.000

CAG beneficiaries 8511 357 18.00 16.22 - 19.96 0.999 0.863 - 1.156

Abbreviation: IR; incidence ratio, CI; confidence interval, HR; hazard ratio, CAG; cognitive assistance grade
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Supplementary Table 3. The association between being a Cognitive Assistance Grade

beneficiary and cognitive decline and other health outcomes compared to Grade 5 beneficiaries

Number

of Number Incidence rate per Hazard ratio
Variables subjects of events 1,000 person-year
n n IR 95% CI HR 95% CI

Cognitive decline

Matched controls

(Grade 5) 1328 191 67.96 59.39 - 77.78

CAG beneficiaries 1328 215 76.23 67.00 - 86.72 1109 0912 - 1.347
Initial use or dosage
increase of cognitive
enhancers

Matched controls

(Grade 5) 1328 455 206.57 18786 - 227.13

CAG beneficiaries 1328 564 268,50 24585 - 293.23 1.3 1149 - 1471
Initial use or dosage
increase of memantine

Matched controls 1328 247 9078 8005 - 10295

(Grade 5)

CAG beneficiaries 1328 276 109.50 9754 - 12293 1206 1.016 - 1.433
Maximum dosage
administration of
cognitive enhancers

Matched controls 1328 191 10716 9540 - 12038

(Grade 5)

CAG beneficiaries 1328 212 131.37 118.14 - 146.08 1228 1046 - 1440
Maximum dosage
administration of
memantine

Matched controls

(Grade 5) 1328 178 65.86 57.03 - 76.04

CAG beneficiaries 1328 225 83.16 73.05 - 9467 1263 1.038 - 1538
Delirium diagnosis

Matched controls 1328 27 9.31 6.38 - 1358

CAG beneficiaries 1328 45 11.20 7.96 - 15.76 1202 0.723 - 1.999
Emergency room visit
due to dementia

Matched controls

(Grade 5) 1328 7 2.39 1.14 - 5.01

CAG beneficiaries 1328 8 2.69 1.34 - 5.37 1122 0407 - 3.095
Physical/mental
dependency
(Grade 1 or 2)

Matched controls 1328 135 47.23 40.19 _ 55.49 1.000

(Grade 5)

CAG beneficiaries 1328 97 33.02 27.24 - 40.02 0.682 0.525 - 0.885
Depression diagnosis

Matched controls

(Grade 5) 1328 45 15.75 11.74 - 21.14

CAG beneficiaries 1328 63 21.97 17.13 - 28.19 1401 0956 - 2.054
All-cause mortality

Matched controls 1328 331 11280 10232 - 12436

(Grade 5)
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CAG beneficiaries 1328 303 101.38 91.56 - 112.26 0885 0.757 - 1.034
Cardiovascular or
cerebrovascular
disease

Matched controls

(Grade 5) 1328 66 23.13 18.16 - 29.47

CAG beneficiaries 1328 68 23.55 1854 - 2991 1.021 0728 - 1432
Femur fracture

Matched controls

(Grade 5) 1328 82 29.12 23.44 - 36.16

CAG beneficiaries 1328 48 16.40 1236 - 2175 0564 0.395 - 0.806

Abbreviation: IR; incidence ratio, Cl; confidence interval, HR; hazard ratio, CAG; cognitive assistance grade

54



Supplementary Table 4. Dose-dependent analysis of frequency of long-term care service

utilization between Cognitive Assistance Grade beneficiaries and Grade 5 beneficiaries

Hazard ratio

Variables OR 95% C1 p-for-trend
Cognitive decline

Matched controls (Grade 5)
No LTC service 1.000
Less than 10 times/month 0.872 0.456 - 1.667 0.3153
10-20 times/month 0.718 0.401 - 1.285 '
More than 20 times/month 0.843 0.602 - 1.181

CAG beneficiaries
No LTC service 1.116 0.811 - 1.536
Less than 10 times/month 1.051 0.597 - 1.850 0.0609
10-20 times/month 0.840 0.477 - 1.478 '
More than 20 times/month 0.829 0.573 - 1.199

Abbreviation: HR; hazard ratio, Cl; confidence interval, CAG; cognitive assistance grade, LTCI; long-term

care insurance, LTC; long-term care
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Supplementary Table 5. Subgroup analyses based on different types of long-term care service

utilization
. Hazard ratio
Variables iR 95% Cl p-for-trend
Only inclusion of Day and night care
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1322 0994 - 1758 0.0017
10-20 times/month 1.393 1.038 - 1.869 '
More than 20 times/month 1196 1.058 - 1.354
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1324 0916 - 1913 0.0002
10-20 times/month 1562 1.097 - 2.223 '
More than 20 times/month 1309 1126 - 1522
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1910 1430 - 2551 0.0005
10-20 times/month 1.957 1457 - 2628 '
More than 20 times/month 1227 1065 - 1414
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1821 1291 - 2570 <0.0001
10-20 times/month 2112 1516 - 2942 '
More than 20 times/month 1504 1288 - 1.757
Delirium diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.910 0221 - 3.740 0.1310
10-20 times/month 1.442 0449 - 4625 '
More than 20 times/month 1415 0.891 - 2247
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.899 0.247 - 14.608 0.6885
10-20 times/month 4008 0896 - 17.920 '
More than 20 times/month 1.054 0371 - 2993
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2335 1534 - 3556 <0.0001
10-20 times/month 1.016 0539 - 1915 '
More than 20 times/month 0.383 0.269 - 0.543
Depression diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1177 0479 - 2.893 0.2052
10-20 times/month 2263 1144 - 4476 '
More than 20 times/month 1186 0.833 - 1.690
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All-cause mortality
Cumulative amount of LTC service

No LTC service 1.000
Less than 10 times/month 1535 1.146 2.055 <0001
10-20 times/month 0.976 0.673 1.416 '
More than 20 times/month 0.659 0.562 0.773
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.196 0.559 2.558 0.9680
10-20 times/month 2525 1454 4.383 '
More than 20 times/month 0.922 0.664 1.279
Femur fracture
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.237 0.033 1.702 0.0848
10-20 times/month 1264 0.514 3.108 '
More than 20 times/month 1.349 0.960 1.896
Only inclusion of home-visit nursing, bathing, and care
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.039 0.759 1.421 0.3571
10-20 times/month 0.970 0.691 1.360 '
More than 20 times/month 0.919 0.772 1.093
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.131 0.779 1.643 0.8687
10-20 times/month 0.826 0524 1.305 '
More than 20 times/month 0.998 0.815 1.221
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.363 0.992 1.873 0.6611
10-20 times/month 1.081 0.746 1.567 '
More than 20 times/month 0.928 0.764 1.126
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.947 0.618 1.450 0.7646
10-20 times/month 1.333 0.913 1.946 '
More than 20 times/month 0.995 0.805 1.229
Delirium diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2.069 0.831 5.150 0.1682
10-20 times/month 0.457 0.063 3.292 '
More than 20 times/month 1531 0.883 2.654
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service n.a na
Less than 10 times/month n.a )
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10-20 times/month n.a
More than 20 times/month n.a
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.821 0.406 - 1.662 0.7993
10-20 times/month 1386 0.776 - 2.477 '
More than 20 times/month 1.006 0.725 - 1.395
Depression diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.961 0394 - 2346 0.1567
10-20 times/month 0.631 0.201 - 1.980 '
More than 20 times/month 0.712 0423 - 1.196
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2.048 1568 - 2675 0.0001
10-20 times/month 1500 1.083 - 2.077 '
More than 20 times/month 1295 1.094 - 1534
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1101 0516 - 2.348 0.4125
10-20 times/month 0.710 0263 - 1.915 '
More than 20 times/month 1215 0.836 - 1.768
Femur fracture
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1201 0530 - 2723 01139
10-20 times/month 1552 0.726 - 3.320 '
More than 20 times/month 0.552 0.305 - 0.999

Abbreviation: LTC; long-term care, HR; hazard ratio, Cl; confidence interval, n.a; not applicable
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Supplementary Table 6. Subgroup analyses based on the characteristics of long-term care facility

. Hazard ratio p-for-
Variables AR 95% CI trend
Ratio of staff to beneficiaries less than 0.5
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1531 1117 - 2.098 0.0457
10-20 times/month 1357 0.967 - 1.905 '
More than 20 times/month 1131 0979 - 1.308
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1523 1.009 - 2.299 0.0006
10-20 times/month 149 0.990 - 2.260 '
More than 20 times/month 1330 1.116 - 1.585
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2035 1462 - 2.833 0.0046
10-20 times/month 1884 1341 - 2.647 '
More than 20 times/month 1205 1.021 - 1.421
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1965 1319 - 2.927 <0001
10-20 times/month 2208 1520 - 3.208 '
More than 20 times/month 1451 1207 - 1.745
Delirium diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.741 0101 - 5.410 0.0258
10-20 times/month 2132 0.655 - 6.936 '
More than 20 times/month 1781 1.045 - 3.036
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 3241 0405 - 25920 0.1667
10-20 times/month 6.215 1319 - 29.289 '
More than 20 times/month 1772 0579 - 5.419
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2380 1468 - 3.861 <0001
10-20 times/month 1.007 049 - 2.045 '
More than 20 times/month 0.343 0.224 - 0.523
Depression diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.993 0313 - 3.147 01943
10-20 times/month 1287 0472 - 3.510 '
More than 20 times/month 1294 0.868 - 1.928

All-cause mortality
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Cumulative amount of LTC service

No LTC service 1.000
Less than 10 times/month 1694 1203 - 2.386 <0001
10-20 times/month 1.022 0667 - 1.565 '
More than 20 times/month 0.672 0555 - 0.814
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.958 0.353 - 2.599 0.9808
10-20 times/month 2536 1362 - 4,720 '
More than 20 times/month 0.911 0.622 - 1.335
Femur fracture
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month n.a '
More than 20 times/month n.a
Variables Hazard ratio p-for-
HR 95% CI trend
Ratio of staff to beneficiaries 0.5-1.0
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0999 0374 - 2.671 0.0003
10-20 times/month 1608 0.663 - 3.899 '
More than 20 times/month 1767 1285 - 2.429
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.908 0.226 - 3.642 0.0052
10-20 times/month 1786 0571 - 5.582 '
More than 20 times/month 1723 1161 - 2.559
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.807 0.201 - 3.235 0.0169
10-20 times/month 1494 0478 - 4.670 '
More than 20 times/month 1570 1.080 - 2.282
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1077 0.268 - 4.324 <0001
10-20 times/month 2140 0.684 - 6.694 '
More than 20 times/month 2276 1568 - 3.305
Delirium diagnosis
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month na '
More than 20 times/month n.a
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service n.a n.a
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Less than 10 times/month n.a
10-20 times/month n.a
More than 20 times/month n.a
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a
10-20 times/month n.a na
More than 20 times/month n.a
Depression diagnosis
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month n.a '
More than 20 times/month n.a
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2282 1083 - 4.809 0.6759
10-20 times/month 1669 0622 - 4.482 '
More than 20 times/month 0.809 0.506 - 1.293
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month na '
More than 20 times/month n.a
Femur fracture
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month na '
More than 20 times/month n.a
. Hazard ratio p-for-
Variables AR 95% CI trend
Ratio of staff to beneficiaries more than 1.0
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.726 0301 - 1.751 0.0718
10-20 times/month 1502 0713 - 3.163 '
More than 20 times/month 1235 0.972 - 1.568
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.962 0359 - 2.576 0.0248
10-20 times/month 2086 0.932 - 4.667 '
More than 20 times/month 1229 0910 - 1.661
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2079 1111 - 3.891 0.0341
10-20 times/month 2788 1451 - 5.357
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More than 20 times/month 1226 0928 - 1.621
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1945 0920 - 4111 0.0005
10-20 times/month 2015 0839 - 4837 '
More than 20 times/month 1597 1195 - 2.134
Delirium diagnosis
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a
10-20 times/month n.a na
More than 20 times/month n.a
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month n.a '
More than 20 times/month n.a
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1573 0503 - 4.920 0.0473
10-20 times/month 1497 0371 - 6.036 '
More than 20 times/month 0485 0.249 - 0.945
Depression diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2494 0.614 - 10.133 0.8975
10-20 times/month 3619 0.891 - 14.698 '
More than 20 times/month 0.890 0413 - 1.917
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.052 0470 - 2.352 0.0727
10-20 times/month 0.763 0245 - 2374 '
More than 20 times/month 0.756  0.553 - 1.032
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2858 0.907 -  9.000 0.6453
10-20 times/month 1358 0.190 - 9.722 '
More than 20 times/month 1.084 0584 - 2.014
Femur fracture
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1274 0177 -  9.153 0.1882
10-20 times/month 1883 0262 - 13.534 '
More than 20 times/month 1479 0790 - 2772
. Hazard ratio p-for-
Variables AR 95% ClI trend

L TC facility capacity less than 30

Initial use or dosage increase of cognitive enhancers
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Cumulative amount of LTC service

No LTC service 1.000
Less than 10 times/month 1535 1.047 2.252 0.027
10-20 times/month 1584 1.067 2.353 '
More than 20 times/month 1.161 0.980 1.376
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.068 0.587 1.942 0.0021
10-20 times/month 1.647 0.998 2.719 '
More than 20 times/month 1339 1.093 1.639
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.658 1.060 2.593 0.037
10-20 times/month 1.737  1.109 2.718 '
More than 20 times/month 1172 0.964 1.426
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2.051 1.278 3.293 <0.0001
10-20 times/month 2414 1537 3.790 '
More than 20 times/month 1525 1.238 1.877
Delirium diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1139 0.156 8.300 0.0137
10-20 times/month 1190 0.163 8.671 '
More than 20 times/month 2081 1.175 3.686
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month na '
More than 20 times/month n.a
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.685 0.831 3.419 0.0004
10-20 times/month 1.313 0582 2.962 '
More than 20 times/month 0.402  0.248 0.650
Depression diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1520 0.480 4.810 0.4417
10-20 times/month 2.683 1.090 6.605 '
More than 20 times/month 1.094 0.672 1.780
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.232 0.760 1.998 0.0025
10-20 times/month 0.834  0.458 1.517 '
More than 20 times/month 0.714 0.574 0.887
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Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service

No LTC service 1.000
Less than 10 times/month 0.376 0.052 - 2.692 0.3258
10-20 times/month 1549 0571 - 4.203 '
More than 20 times/month 0.760 0.467 - 1.235
Femur fracture
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.488 0.068 - 3.505 0.5382
10-20 times/month 2.046 0750 - 5.580 '
More than 20 times/month 1.109 0.689 - 1.785
. Hazard ratio p-for-
Variables AR 95% Cl trend
LTC facility capacity 30-60
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1336 0882 - 2.025 0.0191
10-20 times/month 1193 0735 - 1.937 '
More than 20 times/month 1205 1.021 - 1421
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1796 1120 - 23881 0.0009
10-20 times/month 1685 1.007 - 2.818 '
More than 20 times/month 1352 1.106 - 1.652
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2021 1340 - 3.048 0.0012
10-20 times/month 2253 1495 - 3395 '
More than 20 times/month 1267 1.051 - 1.527
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1895 1.149 - 3.126 <0001
10-20 times/month 2372 1481 - 3.801 '
More than 20 times/month 1609 1314 - 1.972
Delirium diagnosis
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month na na
10-20 times/month n.a '
More than 20 times/month n.a
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 5256 0.657 - 42.048 05863
10-20 times/month 5.657 0.707 - 45.273 '
More than 20 times/month 1117 0237 - 5.260

Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
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No LTC service 1.000
Less than 10 times/month 2490 1390 - 4.458 0.0001
10-20 times/month 0.883 0328 - 2377 '
More than 20 times/month 0.389 0.240 - 0.630
Depression diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0520 0.072 - 3.738 0.2766
10-20 times/month 2257 0828 - 6.155 '
More than 20 times/month 1236 0771 - 1.982
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1678 1.107 - 2.545 0.0002
10-20 times/month 1173 0704 - 1.955 '
More than 20 times/month 0.630 0501 - 0.792
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2189 0963 - 4976 0.8878
10-20 times/month 3.171 1547 - 6.503 '
More than 20 times/month 0.886 0.566 - 1.386
Femur fracture
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month na
10-20 times/month n.a na
More than 20 times/month n.a
Variables Hazard ratio p-for-
HR 95% CI trend
LTC facility capacity more than 60
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2319 1455 - 3.697 0.2236
10-20 times/month 1.069 0504 - 2271 '
More than 20 times/month 1115 0.885 - 1.405
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2405 1320 - 4382 0.1983
10-20 times/month 1433 0.637 - 3.223 '
More than 20 times/month 1.144 0.862 - 1.519
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2959 1794 - 4879 0.0785
10-20 times/month 1681 0.831 - 3.399 '
More than 20 times/month 1.170 0905 - 1.513
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000 0.0209
Less than 10 times/month 2851 1563 - 51202 )
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10-20 times/month 1.158 0.430 3.114
More than 20 times/month 1.346 1.012 1.791
Delirium diagnosis
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month na '
More than 20 times/month n.a
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month n.a '
More than 20 times/month n.a
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.817 0.675 4.893 0.0072
10-20 times/month 1.017 0.252 4.105 '
More than 20 times/month 0.411 0.218 0.776
Depression diagnosis
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a
10-20 times/month n.a na
More than 20 times/month n.a
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.275 0.635 2.558 0.0159
10-20 times/month 1.626 0.837 3.157 '
More than 20 times/month 0.654  0.483 0.887
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month n.a '
More than 20 times/month n.a
Femur fracture
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month na '
More than 20 times/month n.a
. Hazard ratio p-for-
Variables AR 95% Cl trend
L TC facilities with fewer than 10 staff members
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.478 1.065 2.051 0.02
10-20 times/month 1.406 0.998 1.983 '
More than 20 times/month 1.161 1.001 1.346
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Initial use or dosage increase of memantine
Cumulative amount of LTC service

No LTC service 1.000
Less than 10 times/month 1.401 0.903 2.175 0.0014
10-20 times/month 1.397 0.900 2171 '
More than 20 times/month 1.320 1.102 1.582
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.867 1.310 2.660 0.0238
10-20 times/month 1890 1.332 2.682 '
More than 20 times/month 1.151 0.968 1.369
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1967 1.310 2.952 <0001
10-20 times/month 2495 1.736 3.587 '
More than 20 times/month 1432 1185 1.731
Delirium diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.808 0.111 5.904 0.0074
10-20 times/month 2362 0.725 7.696 '
More than 20 times/month 2015 1.179 3.445
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 3.044 0.386 24.035 0.168
10-20 times/month 5939 1.282 27.506 '
More than 20 times/month 1.731  0.580 5.167
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2367 1441 3.887 <0001
10-20 times/month 0.944 0444 2.009 '
More than 20 times/month 0.421  0.282 0.629
Depression diagnosis
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.339 0.490 3.656 0.2393
10-20 times/month 1.658 0.673 4,084 '
More than 20 times/month 1236 0.821 1.861
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1681 1.189 2.378 <0001
10-20 times/month 0970 0.621 1.516 '
More than 20 times/month 0.655 0.538 0.799
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1232 0.503 3.022 0.4678
10-20 times/month 2.164 1.096 4.273
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More than 20 times/month 0.783 0517 - 1.186
Femur fracture
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a
10-20 times/month n.a na
More than 20 times/month n.a
. Hazard ratio p-for-
Variables HR 95% ClI trend
LTC facilities with 10 to 30 staff members
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1678 1.040 - 2.707 01725
10-20 times/month 1.025 0529 - 1.987 '
More than 20 times/month 1132 0930 - 1.378
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1689 0903 - 3.159 0.0366
10-20 times/month 1718 0.890 - 3.317 '
More than 20 times/month 1240 0977 - 1.573
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1967 1157 - 3.343 0.0135
10-20 times/month 1814 1.000 - 3.290 '
More than 20 times/month 1256 1011 - 1.561
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2201 1209 - 4.004 <0001
10-20 times/month 1359 0611 - 3.023 '
More than 20 times/month 1571 1243 - 1.985
Delirium diagnosis
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month na na
10-20 times/month na '
More than 20 times/month n.a
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month na '
More than 20 times/month n.a
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1464 0544 - 3.941 0.0006
10-20 times/month 1623 0602 - 4378 '
More than 20 times/month 0.335 0.183 - 0.616

Depression diagnosis
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Cumulative amount of LTC service

No LTC service 1.000
Less than 10 times/month 0912 0.127 - 6.555 0274
10-20 times/month 3.071 0968 - 9.745 '
More than 20 times/month 1249 0.729 - 2.140
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1161 0.603 - 2.237 0.0047
10-20 times/month 1272 0656 - 2.467 '
More than 20 times/month 0.671 0517 - 0.870
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month n.a '
More than 20 times/month n.a
Femur fracture
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.839 0.117 - 6.025 0.8387
10-20 times/month 0948 0132 - 6.813 '
More than 20 times/month 1.065 0.616 - 1.842
. Hazard ratio p-for-
Variables AR 95% ClI trend
LTC facilities with more than 30 staff members
Initial use or dosage increase of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2100 1.218 - 3.622 0.0427
10-20 times/month 1729 0775 - 3.861 '
More than 20 times/month 1226 0957 - 1.571
Initial use or dosage increase of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2470 1276 - 4783 0.03
10-20 times/month 2074 0860 - 5.005 '
More than 20 times/month 1.297 0.962 - 1.748
Maximum dosage administration of cognitive enhancers
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 3.106 1.789 - 5.393 0.0127
10-20 times/month 1789 0.742 - 4312 '
More than 20 times/month 1314 1.000 - 1.726
Maximum dosage administration of memantine
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 2.869 1480 - 5.560 0.0001
10-20 times/month 0979 0.244 - 3.926 '
More than 20 times/month 1711 1284 - 2.279
Delirium diagnosis
Cumulative amount of LTC service
No LTC service n.a n.a
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Less than 10 times/month n.a
10-20 times/month n.a
More than 20 times/month n.a
Emergency room visit due to dementia
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a
10-20 times/month n.a na
More than 20 times/month n.a
Physical/mental dependency (Grade 1 or 2)
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1675 0.536 5.236 0.025
10-20 times/month 0.836 0.117 5.964 '
More than 20 times/month 0.441 0.218 0.893
Depression diagnosis
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month n.a '
More than 20 times/month n.a
All-cause mortality
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 0.960 0.398 2.316 01252
10-20 times/month 2359 1.174 4,740 '
More than 20 times/month 0.725 0.523 1.005
Cardiovascular or cerebrovascular disease
Cumulative amount of LTC service
No LTC service 1.000
Less than 10 times/month 1.985 0.491 8.027 0.9141
10-20 times/month 4541 1444 14.276 '
More than 20 times/month 0.791 0.387 1.616
Femur fracture
Cumulative amount of LTC service
No LTC service n.a
Less than 10 times/month n.a na
10-20 times/month na '
More than 20 times/month n.a

Abbreviation: LTC; long-term care, HR; hazard ratio, Cl; confidence interval, n.a; not applicable
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Abstract in Korean

HAA A7 ¢RFe] A7F F Au]A o] &1 Xuj
Sxte] Xw) Ay 98 D ATF A

HjZ: 20089 8¢ E=9l®  Oistel=e]  wAV| R Y (Long—term  care
insurance) > A u] Zzte] o Hrp FWoE ®HAS EIEEF FHAEHIIC
20183 1€ <2AdAAAS5FH (Cognitive Assistance Grade) EYOZ EE  Xuj
szt Al Au|A7F gjEo] Folt B3 Mu|AE XE3E A7t E AL
Holvk WS AgoA =TI QgR e o] vl el 4
A= Qlvk= Aol FIHNOY, =RV QRE Y] g4 A
A AP FHE A= o@s] FFsivh =17 SR I
2R Wz o] AP AAXNNASTF FEFAS nEA ke Xl @& 29 g
A7 AdEel Zpols FAstuAl dt, B3, AAA DS T AL A el o g
17 Q%F AMBj 2 o] 89 S Hrbstak stk BEd

W o] ATE o@ss AA AW @A Awe dolHE zaen

R =
SUAZRI TG -IEFHATREE AHESte] F3E $3F4 #F AFolth A
TeLE XTS Fx 5 YIS B A (propensity score) oAl #AHE 101
S ARgSte], JIAALETHE FElAet dld AlEA A Ags e
wolgr| Ry uHFIAE Atk 12 A} (primary  outcome) >
ERAIZIQGRE Wl A7 DY ATE ARl F7EE Q1A A Sk (cognitive
decline) ©]t}. 221 4 3} (secondary outcome) o= X|uf ¢k&E-9] &8 =7} A g
Aujz Agh SFA Wy 22> Al P iy AxE AFESIAY B &5
Ak A48 g9 22 &Y, B dA AVdED 22 HeE FA430H, gE =
4 Ay 2 Ay o] Ui dx W TeEo w9k Auia
o] g RHIE-

23 F 85119 CAG FaA¢ 8511WY HF=FA7E Ao *xshEu
NAALSF FHAE vFEFA] vl v D8 913 (HR: 3.329, 95% CI: 3.000—-
3.695) % t& A% ZHr o gty S Bt a8y =Lk
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MuIAE 9 203] o]4f o]g3 A, 3 WL o] gakA 9k Aol ns] <A A}
3ol FYsA HAForw, olf WEe wE fF-oFH TUh  FAIL
#2 5t} (hazard ratio [HR]: 0.696, 95% confidence interval [CI]: 0.598-0.809,
p—for—trend: <0.0001). A5 QAAAS TS 7 A}, 5 FAo] Sl Al
854 w|wke]  FAfeA  o]e} M]=e {FoAT Aol #AAHTE AT WE
QM o E o9} FARSE AT Aol Yeimow, EE o]§ HIEofA
o1z Ak o] FoustA A THHR: 0.500, 95% CI: 0.295-0.847, € 103
u) =k o] 85 HR: 0.564, 95% CI: 0.332-0.958, € 10-203] ©]§; HR: 0.501, 95% CIL:
0.386-0.651, ¥ 203 o]4 o]&; p—for—trend: <0.0001). 1y Fot HIE
AMul 2o s Folulst a3rF BAs A sk ol A o FaAk v gl 1.0
Z ks Folgt BE Al AoME, 9 203 oA o]g Al AX Ast YFo] {25
7

DastsE ZAo® e TH(HR: 0.655, 95% CI 0.456-0.940, FAle] th3dt pgk:
0.0311).

AE w7V SRI S v 9 X Lo o w04 A3kA] Foste
Aol Fask & glom, 53] 27| MYS Fdl AA AdteE =FE U B0 E F
Ak #A2> AW @kl Au|s T4 #@AE] ¥ w2 AAVs A AIFE
Heorow wkd FHE7F AU or e 559 FHEHAE JHdo]l AdHHolojA,
z271e] LTCIel #Fost= o] ads AAFsh 2o, avzl =858 fsiA=
2 A o A vE MY a9 2E5E SAE st gl e 8 E
7k eV RE W] go] Eojua o], old gt HE AT
u#Fojof 3t} 2018 w7 QYR o] RE Xu] xE Ao R HHEFH
BHAS Aol B8t s w2 AlgEEo]l ZFdshA Fskth uhEhA,
AAA DT FaAt vlaegar b 2 e 944 2polgh APV g S
AR ke o5 Flstr] fs FrF AvE dastt

A T 2RISR, A7 Ay, mAA g, Avieck AW, 2 2
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