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ABSTRACT

Impact of Coronavirus Disease 2019 Pandemic on

Management and Healthcare Utilization of Patients with Dementia

Kyungduk Hurh
Dept. of Public Health
The Graduate School

Yonsei University

Background:

The aging population in South Korea has led to a rapid increase in the number of elderly
patients with dementia. Concurrently, concerns have been raised globally about the
negative impact of the Coronavirus Disease 2019 (COVID-19) pandemic on the
management, medical access, and mental health of patients with dementia. This study aims
to analyze the impact of the COVID-19 pandemic on the management and healthcare

utilization of patients with dementia in South Korea.



Methods:

For this study, we utilized the customized database provided by the National Health
Insurance Service of South Korea as the data source. The study population consisted of
patients with dementia aged 60 and above from February 1, 2016, to October 31, 2021.
Final sample comprising 9,821,803 observations for medication analyses and 11,358,180
observations for healthcare utilization analyses, extracted at three-month intervals for each
patient with dementia. The primary dependent variables of the study encompassed
surrogate indicators of dementia management, specifically the prescription of antipsychotic
drugs that could be prescribed in the event of non-pharmacological intervention failure for
behavioral psychological symptoms of dementia. Additionally, the study included the
duration and the number of antipsychotic drug prescriptions, as well as adherence to anti-
dementia medications, as surrogate indicators for the dementia management. Furthermore,
healthcare utilization-related dependent variables, the likelihood of emergency room visits,
the number of outpatient visits, likelihood of hospitalization, and the number of days
hospitalized were included. To evaluate the association between COVID-19 pandemic and
relative change in dependent variables, interrupted time series analysis with segmented

regression was performed.

Results:

Following the COVID-19 pandemic, there was a relative increase of 1.5% (p<.001), 3.2%

(p<.001), and 0.4% (p<.001) every three months in the likelihood, duration, and the number

vi



of antipsychotic drug prescriptions, respectively. Compared to the pre-pandemic period,
the likelihood of antipsychotic drug prescription in patients with dementia was 1.6% lower
(p<.001) in the first 3 months after COVID-19, but increased by 4.1% at 10—12 months and
8.9% at 19-21 months, indicating a dose-dependent response for the elapsed time after
COVID-19 pandemic. Patients with good adherence to anti-dementia medication showed
a gradual increase of 0.5% (p<.001) every three months post-COVID-19 compared to pre-
pandemic period. Healthcare utilization related outcomes, the likelihood of emergency
room visits, the number of outpatient visits, the likelihood of hospitalization, and the
number of days hospitalized showed short-term reductions of -21.1%, -13.7%, -13.0%, and
-3.8%, respectively, immediately following the COVID-19 outbreak and subsequent

recovery during pandemic.

Conclusions: The COVID-19 pandemic was associated with an increase in antipsychotic
drug prescriptions for patients with dementia, with a higher likelihood observed as the post-
pandemic duration lengthened. Healthcare utilization in patients with dementia exhibited a
pattern of initial decline followed by gradual recovery after COVID-19 pandemic. To
prepare for future similar infectious disease crises, mental health support, non-
pharmacological interventions, caregiving, and prescribing guidelines tailored for patients

with dementia should be developed to provide qualitatively improved medical services.

Key words: dementia; antipsychotics; Coronavirus Disease 19; healthcare utilization; Interrupted time series
study
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I. Introduction

1. Background

The portion of the elderly population in South Korea is increasing at an unprecedented
rate globally, with the country on the verge of entering a super -aged society where

individuals aged 65 and older account for over 20% of the entire population.'

Dementia is one of the most common geriatric diseases, and in line with the increasing
elderly population, the number of patients with dementia in South Korea is also on the rise.
Korean National Institute of Dementia (NID) estimated that among the population aged 65
or older in 2021, the number of patients with dementia was approximately 890,000 and the
prevalence of dementia was 10.4%.? Dementia imposes physical, psychological, and socio-
economic burdens not only on patients with dementia but also on caregivers, such as family
members. In particular, behavioral and psychological symptoms of dementia (BPSD) are
known to be one of the major causes of increased burden of care and hospitalization of

patients with dementia. 3-° For the management of BPSD, antipsychotic drug are often used

off-label. However, adverse effects including increased risk of mortality,®'°

11-15

cerebrovascular events,'!"!> myocardial infarction,'®!” arrhythmia,'® falls,'*?! pneumonia,?*

24 25,26

metabolic effects and extrapyramidal symptoms?”  were reported regarding



antipsychotics use in older patients with dementia. The US Food and Drug Administration
(FDA) does not authorize antipsychotic drug for the purpose of managing BPSD in older
adults.”®? Other clinical guidelines recommend attempting antipsychotic drug for BPSD
management only when non-pharmacological interventions and alternative approaches

have proven unsuccessful, and when the benefits are deemed to outweigh the risks.*

Meanwhile, the Korean government, recognizing the challenges posed by the increase
in patients with dementia, had undertaken a national-level effort by establishing a
comprehensive dementia management plan. The plan aimed to address dementia through
various initiatives, including prevention, early detection, and the management and
treatment of patients with dementia. For instance, community dementia centers was
established to implement cognitive rehabilitation programs, support groups, education, and

other activities for dementia patients.’!

However, the public health measures implemented in response to the Coronavirus
Disease 2019 (COVID-19) pandemic, which began in early 2020, had a profound impact
on the lives of patients with dementia. Gathering restrictions and the closure of public
facilities had disrupted the daily lives of individuals and affected their social activities and
interpersonal relationships.’** Moreover, national and societal attention and efforts had
been focused on preventing the spread of infection, leading to a relative decrease in support
for patients with dementia compared to before.> In this context, concerns had been raised

about the exacerbation of BPSD and increased use of antipsychotics drugs in patients with



dementia due to reduced activity, discontinuation of social support and assistance programs,
decreased access to medical services, and increase in caregiver burden after COVID-19

outbreak. ¥

Previous studies had observed an increase in psychiatric symptoms such as depressive
mood, anxiety, insomnia, and stress in the general population after COVID-19, attributed
to social isolation.’° The COVID-19 lockdown measures was related to additional
cognitive decline among dementia patients.**** Additionally, a reduction in healthcare
utilization and delays in disease diagnosis and treatment had been reported due to concerns
about infection and quarantine measures.* Given that patients with dementia are typically
elderly, face challenges in self-care, and require caregiving, they may be particularly
vulnerable to the effects of COVID-19 lockdown.** Dementia was identified as a
significant risk factor for COVID-19 and an increase in all-cause mortality had been

observed in patients with dementia during COVID-19 pandemic periods.*¢*

Furthermore, studies reported an increase in the use of antipsychotic drug in elderly
patients with dementia during the early stages of COVID-19.°%°! However, these studies
had limitations such as short observation periods, lack of comparison groups, and small
sample sizes. Subsequent large-scale observational studies utilizing two different samples
showed conflicting results regarding the increase in antipsychotic drug prescriptions

following COVID-19.5%33

Therefore, the primary objective of this study is to investigate the impact of the



COVID-19 pandemic on the prescription of antipsychotic drug in older adults with
dementia, addressing limitations identified in previous research. In this study, we aim to
investigate the prescription of antipsychotic drug in patients with dementia before and after
the COVID-19 pandemic on an individual level, using customized data from the Korean
National Health Insurance Service (NHIS), which encompassed 50% of entire patients with
dementia in South Korea. Furthermore, to comprehensively analyze the impact of COVID-
19 on dementia management, additional analyses for adherence to anti-dementia
medication and healthcare utilizations were conducted. The findings of this study might
help understanding how healthcare providers adapted their approach to the management of
dementia in response to the COVID-19 pandemic and infection control policies, which can

be instrumental in shaping dementia policies for future public health disasters.



2. Study Objectives

This study aims to evaluate the effects of COVID-19 pandemic on management and
healthcare utilizations of dementia patients. We analyzed surrogate indicators of dementia
management discernible from health insurance claims data, focusing on the antipsychotic
drug prescriptions, adherence to anti-dementia medications among older individuals with

dementia before and after the onset of COVID-19 pandemic.

The specific study objectives are as follows:

(1) To investigate whether the COVID-19 pandemic was associated with changes in
antipsychotic drug prescriptions (likelihood of prescription, the duration of

prescriptions, and the total number of prescriptions) among patients with dementia.

(2) To investigate whether the COVID-19 pandemic was associated with changes in

adherence to anti-dementia medications among patients with dementia.

(3) To investigate whether the COVID-19 pandemic was associated with changes in
healthcare utilization (the likelihood of ER visits, the number of outpatient visits,
the likelihood of hospitalization, and the number of days hospitalized) of patients

with dementia.



Il1. Literature Review

1. Dementia Status of South Korea

1) Rapid-Aging Korea

South Korea is experiencing an unprecedented rapid aging of population, driven by the
increase in life expectancy associated with economic growth, and recent low birth rates. In
2023, the elderly population aged 65 or older in South Korea reached 9,652,413, accounting
for 18.8% of the total population. The proportion of elderly population is expected to
increase to 20.6% by 2025, indicating that South Korea will enter the super-aged society

(Figure 1).>

M 65 years or older
W 15~64 years old

W 0~14 years old

Source: Statistic Korea, Registered population of South Korea

Figure 1. Population composition in South Korea, 2023



2) Prevalence and Trends of Dementia in South Korea

In tandem with the rapid increase in the elderly population in South Korea, there was
also a substantial surge in the number of patients with dementia, an age-related condition.
According to a nationwide dementia epidemiological study conducted by the Ministry of
Health and Welfare (MOHW) and the NID in South Korea, the number of patients with
dementia rose nearly twofold from 474,066 in 2010 to 886,173 in 2021.%°> Moreover, owing
to the increase in life expectancy, there was a growing trend in the prevalence of dementia
among the elderly population. The prevalence of patients with dementia among individuals
aged 65 and older in South Korea was estimated at 8.74% in 2010, which has steadily

increased to 9.54% in 2016 and further to 10.33% in 2021 (Figure 2).%

o (o] o o on
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& % =) >
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mmm Number of patients with dementia

=== Prevliaence of dementia among adults aged 65 or older

Source: National institute of Dementia, 2016 Nationwide Survey on the Dementia Epidemiology
of Korea; Korean Ministry of Health and Welfare, 2012 Nationwide Survey on the Dementia
Prevalence of Korea

Figure 2. Number and prevalence of patients with dementia in South Korea



If the current trend continues, it is anticipated that the number of patients with dementia
aged 65 and older in South Korea will surpass 2 million by 2040 and exceed 3 million by
2050.%¢ Subsequently, the growth in the number of patients with dementia may attenuate
due to population decline resulting from low birth rates. However, the overall prevalence
rate relative to the total population is projected to increase sharply, with patients with

dementia comprising approximately 9.0% of the entire South Korean population by the

year 2070 (Figure 3).%7
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Figure 3. Projection of number of patients with dementia in South Korea



2. COVID-19 Outbreak and Public Health Interventions (Implementation of

Social Distancing) in South Korea throughout 2020 and 2021

Building on the experience of the 2015 Middle East Respiratory Syndrome (MERS)
outbreak, South Korean government implemented a centralized epidemic control policy
from the early stages of the COVID-19 pandemic. During the MERS outbreak, hospital-
acquired infections, predominantly among hospitalized patients and healthcare workers,

expanded into the community through visitors.>*>?

Following the first case of COVID-19 in January 20, 2020, there were subsequent
outbreaks in religious facilities in February 2020 and in clubs and logistics centers in May
2020. Consequently, the South Korean government emphasized identifying close contacts
of infected individuals and isolating them, along with imposing usage restrictions on high-
risk facilities and public spaces prone to group infections.’®* In April 2020, measures were
implemented to restrict the operation of religious facilities, indoor sports facilities,
entertainment venues, academies, and tutoring centers. Moreover, long-term care hospitals
(LTCHs), which handle the majority of hospitalization services for patients with dementia,
also faced restrictions, including visitation limits, restrictions on outings, and the

discontinuation of external programs.*®>°

As the scale of COVID-19 infections began to decrease, the intensity of epidemic



control measures was eased in May 2020, transitioning to a more relaxed approach known
as "distancing in daily life".%®>° From the mid-2020 onward, the government systematically
refined its epidemic control policies, implementing a phased approach to social distancing
based on the scale of the outbreak. The social distancing measures included operational
restrictions on multi-use facilities, the suspension of events, and the discontinuation of
gatherings.’®% In August 2020, a resurgence of infections, particularly in the metropolitan
area, was observed, notably linked to group infections in political rallies. In response, the
South Korean government, starting from November 2020, fine-tuned its social distancing
measures to address the specific circumstances. However, as the COVID-19 pandemic
persisted, with vulnerable facilities such as LTCHs and prisons experiencing outbreaks in
the winter of 2020, a shift in social distancing measures occurred.’® Taking into account
public fatigue and the national vaccination status, a policy overhaul aimed at minimizing
business closures and restrictions was implemented from the mid-2021.% Figure 4
illustrates the change in daily COVID-19 cases and grade of “social distancing”, the

infection control policy of South Korea.

10
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The fluctuations in the intensity of South Korea's public measures from 2020 to 2021
were also reflected in the COVID-19 Stringency Index, generated using the Oxford
COVID-19 Government Response Tracker.60 The COVID-19 Stringency Index for South
Korea exhibited a peak ranging from 70 to 80 points in April 2020, followed by a dynamic
pattern fluctuating between 30 and 70 points in response to changes in government

epidemic control policies (Figure 5).%!

100

,COVID-19 Stringency index in South Korea
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Source: Our world in data, Coronavirus Pandemic (COVID-19)

Figure 5. COVID-19 stringency index in South Korea
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3. Dementia Management, BPSD and Antipsychotic drug Prescriptions

during COVID-19 Pandemic

Since the early stages of the COVID-19 pandemic, experts had expressed concerns
about the potential negative impact of public health measures and COVID-19 on the
management and health of patients with dementia.®*% Patients with dementia might face
limitations in accessing accurate information related to the COVID-19 pandemic. Due to
difficulties in understanding or remembering public health measures, there were concerns
about the increased risk of COVID-19 infection and complications among patients with
dementia.** Moreover, many patients with dementia reside in long-term care facilities or
live alone or with spouses. The transition to remote services and the reduction of in-person
support services due to epidemic control measures might increase the loneliness and

isolation of patients with dementia who rely on social support for human relationships. %>

Furthermore, measures such as visitation bans, reduced group activities, and isolation
of infected individuals could exacerbate the isolation of patients with dementia residing in
long-term care facilities, leading to increased stress and anxiety. The decrease in
opportunities for facility use and social support could contribute to the fatigue and
exhaustion of family members and caregivers of patients with dementia. Previous studies

had primarily assessed the impact of the COVID-19 pandemic on patients with dementia

13



in two aspects: first, exploring the association between dementia and the increase in
COVID-19 infections and mortality, and second, investigating the impact of the COVID-
19 pandemic on the management of patients with dementia, including mental health
(cognitive function, neuropsychiatric symptoms, antipsychotic drug prescriptions),

caregiver burden, and overall mortality.

1) BPSD among Patients with Dementia during COVID-19 Pandemic

Many studies conducted in the early stages of the COVID-19 pandemic had found that
patients with dementia were experiencing a worsening of neuropsychiatric symptoms
compared to the pre-pandemic period. A study conducted in mid-2020 in Italy through
telephone surveys revealed that more than half of the participants reported the onset or
worsening of BPSD after the lockdown.®? Subsequent research, utilizing data from various
countries worldwide, observed an increase in BPSD in dementia patients following the
pandemic. Studies using data from Brazil,*® Italy,%® four countries (Australia, Germany,
Spain, and Netherlands),’' and Norway>® reported an association between the COVID-19
pandemic and an increase in BPSD. These studies commonly reported a link between the
COVID-19 pandemic and symptoms of depressive mood and anxiety.> Additionally, a
deterioration in various areas of neuropsychiatric symptoms, including apathy, psychosis,
delusion, aggression, agitation, and irritability, was identified.’*%® Moreover, studies have

found that social isolation were associated with more pronounced BPSD among patients

14



with dementia.%” The neuropsychiatric symptoms appear to be exacerbated with and longer

periods of social restrictions.?”¢8

2) COVID-19 Pandemic and Antipsychotic drug Prescriptions in Patients with

Dementia

The increase in BPSD in patients with dementia related to the COVID-19 pandemic
might also lead to an escalation in the prescription of antipsychotic drug. A study using data
from England’s National Health Service showed that the prevalence of patients with
dementia being prescribed antipsychotic drug increased by 4.4% to 6.95% during March to
May 2020 compared with the corresponding months in 2018.%° Another study primarily
relying on data from the United States indicated a growth in the prevalence of dementia
patients with antipsychotic drug prescriptions, increased from 14.7% in 2019 to 16.4% in
the year 2020.7° A study conducted in Argentina reported a 20% increase in the use of
antipsychotic drug among patients with dementia during the COVID-19 pandemic period,
based on surveys.”! In a Dutch study, the use of antipsychotic drug among patients with
dementia showed insignificant variation within the range of 21.0% to 22.9% from February
to August 2020.7> However, these early studies had limitations, including the absence of
pre-COVID-19 data, short observation periods, small sample sizes, and reliance on self-

reporting methods to assess the antipsychotic drug prescriptions.

Subsequent large-scale study using data from the United States, the United Kingdom,

15



Germany, France, Italy, and South Korea reported an increase in the prescription rates of
antipsychotic drug in all countries following COVID-19 pandemic.’> However, the
direction of changes in the antipsychotic drug prescription before and after COVID-19
pandemic varied across datasets in the study. For instance, in the United States, using the
IBM Market Scan Medicare Supplemental and Coordination of Benefits Database, the
antipsychotic drug prescription increased 1.4 times immediately after COVID-19 pandemic
compared to the pre-pandemic period, followed by a relative monthly decline of 0.6%. In
contrast, the US Open Claims Data indicated a 0.9-fold decrease immediately after
COVID-19 pandemic with a subsequent increase in trend of 0.3%, compared to the pre-
pandemic period. Additionally, in the case of South Korea, the data for study was limited
to patients with dementia admitted to two hospitals, posing representative limitations. Data
from Kangwon National University Hospital showed a nearly twofold increase in the use
of antipsychotic drug for patients with dementia in April to June 2020 compared to the
same months in 2019. However, patients with dementia admitted to Ajou University
Hospital did not exhibit significant change.”? On the other hand, in the most recent study
utilizing data from Wales, United Kingdom, a slight increase in the antipsychotic drug
prescriptions among patients with dementia after COVID-19 pandemic was observed.
However, the authors concluded that there was an existing upward trend in prescription
rates before COVID-19 pandemic, starting from mid-2019, and the absolute difference in
antipsychotic drug prescriptions before and after COVID-19 was small, suggesting no

apparent association between the pandemic and antipsychotic drug prescriptions.>
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4. Healthcare Utilizations among Patients with dementia during the COVID-

19 Pandemic

Previous studies consistently reported a common decrease in healthcare utilization
during the COVID-19 pandemic, regardless of the characteristics of countries or study
participants. A repeated cross-sectional study in Canada during the initial six months of the
COVID-19 pandemic found a reduction in hospital visits and new admissions to long-term
care facilities for individuals aged 65 and older with dementia, Parkinson's disease, or the
general elderly population compared to the same period in the previous year.** According
to research in Singapore, consultations for doctor among middle-aged and older adults
decreased by 30% during the initial three months of the COVID-19 pandemic.” Similarly,
in the United States, outpatient visits decreased by 20-80%, and ER visits and
hospitalizations showed reductions of up to 30%.”*”> Overall, the decrease in healthcare
utilization occurred universally across both high-income and low- to middle-income
countries, irrespective of the severity of COVID-19 incidence. This reduction extended
beyond routine healthcare services such as chronic disease management or preventive
vaccinations and was also observed in the treatment of emergency conditions like

myocardial infarction or cerebrovascular diseases.’

In South Korea, early studies based on self-report surveys revealed that approximately

73% of participants avoided healthcare utilization after the onset of COVID-19 pandemic,
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with no significant differences based on underlying health conditions.”” Additionally,
among individuals aged 60 and above, the likelihood of delaying non-urgent medical
conditions or chronic disease consultations was lower compared to younger adults,
although the potential for delaying emergency medical conditions remained relatively
high.”® Subsequent studies in South Korea employed a time series analysis to evaluate
healthcare utilization before and after COVID-19 pandemic. Among Korean older adults
aged 65-84, healthcare utilization for acute upper respiratory infections decreased by
approximately 20% during the first six months of the COVID-19 pandemic. However, there
was no significant change observed in healthcare utilization for chronic conditions.” Also,
outpatient visits, emergency room visits, and hospitalizations for mental health conditions

showed a decreasing trend after COVID-19 pandemic.*
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5. Theoretical Model for Changes in Dementia Management after COVID-

19 Pandemic

The purpose of this study is to analyze the impact of COVID-19 pandemic and
subsequent public measures on the management of patients with dementia. In this research,
we examined surrogate indicators for dementia management, specifically the prescription
of antipsychotic drug and adherence to dementia medications. The increased loneliness and
reduced social support due to social restrictions, coupled with limited medical access,
might exacerbate cognitive decline and BPSD of patients with dementia. Additionally,
patients with dementia might face challenges in understanding and complying with
preventive measures due to cognitive impairment, potentially leading to an increased risk
of COVID-19 infection, morbidity, and mortality. Consequently, the burden on caregivers
might increase, compounded by reduced access to medical resources due to social
restrictions, ultimately contributing to an escalation in the prescription of antipsychotic

drug in patients with dementia (Figure 6).
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Figure 6. Conceptual model for changes in dementia management after COVID-19 pandemic
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I11. Material and Methods

1. Data Source and Study Population

We used data for 2010-2021 from the Korean National Health Insurance Database
(NHID). The data were formed by Korea National Health Insurance Service (NHIS), which
covers 97% of the South Korean population (approximately 50 million) for research
purpose. Since the NHIS also manages the healthcare claims of the remaining 3% of the
Korean population, the medical aid program beneficiaries, the NHIS database contains the
medical records of the almost all Korean population. The data includes anonymized
participant information (demographics, healthcare utilizations, and prescription records).

All participants were followed up until their loss of eligibility due to death or emigration.®!

The data for the study included 1,198,577 individuals aged >60 years and with
medical claims for any type of dementia (ICD-10 codes F00, F01, F02, FO3, G30, G3100,
G3182) between January 1, 2010 to December 31, 2021, the 50% simple random sample
of total patients with dementia. The subjects of the study were patients with dementia aged
60 years or older between February 1, 2016 and October 31, 2021. For analysis, only
medical records from the date of dementia diagnosis (first claim for dementia) were used.

The observations with missing covariates were excluded from the study.
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South Korean LTCHSs operate under a per-diem reimbursement system, which could
result in omissions of drugs that do not receive compensation based on claims in our dataset.
Specifically, from November 1, 2019, the antipsychotic drug prescription was included as
one of the patient classification criteria for LTCH per-diem reimbursement, which might
introduce increased imbalance in the claim data compared to the preceding period.?
Therefore, in the present study, periods during which patients with dementia were

hospitalized in LTCHs were excluded from the analysis when evaluating medications.

Among all participants, 305,835 individuals without medical records after February
1, 2016, and 16,2584 individuals diagnosed with dementia after Oct 31, 2021 were
excluded, resulting in a total of 876,158 eligible patients with dementia for the study.
Subsequently, 12,070,271 observations for every 3-months of selected participants were
extracted from February 1, 2016 to October 31, 2021. After excluding 712,090
observations with missing covariates, the sample for evaluating healthcare utilizations
included a total of 11,358,180 observations of patients with dementia over the 24 time-
interval of study periods. Finally, 1,536,377 observations of dementia patients hospitalized
in LTCHs throughout each time unit were excluded, the sample for evaluating medications

included 9,821,803 observations (Figure 7).
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<A. Patients selection>

1,198,577 Demetia patients aged 60 or older
in South Korea from January 1, 2010 to December 31, 2021

Exclusions:

v

305,835 without any medical records after
February 1, 2016
16,584 diagnosed dementia after Oct 31, 2021

A 4

876,158 Demetia patients aged 60 or older
in South Korea from February 1, 2016 to Oct 31, 2021

<B. Observations at 3-months interval of the selected patients>

'

12,070,271 Observations of dementia patients
over 23 time periods
(every 3 months, from February 1, 2016 to Oct 31, 2021)

A Exclusions:

1 712,091 Observations with missing covariates

11,358,180 Observations for evaluating heatlcare utiliztions

Exclusions:

v

1,536,377 Observations of dementia patients
hospitalized in LTCHs throuout each time period

A

9.821,803 Observations for evaluating medications

Figure 7. Flowchart of the study sample selection

Abbreviations: LTCHs, Long-Term Care Hospitals
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2. Definition of Variables

1) Dependent Variables

The primary dependent variable of the study served as a surrogate indicator for
dementia management was the patients with antipsychotics prescriptions at each time
interval (3-months scale). All antipsychotic drug covered by Korean NHI during the study
period (chlorpromazine, clozapine, haloperidol, levomepromazine, molindone, olanzapine,
perphenazine, pimozide, risperidone, thiothixene, quetiapine, amisulpride, aripiprazole,
ziprasidone, paliperidone) were included as study outcomes.? Other indicators regarding
the antipsychotic drug prescription, the duration of prescription and the number of

prescriptions were also included as dependent variables.

In addition, proportion of patients with good adherence for anti-dementia medications
(donepezil, rivastigmine, galantamine, memantine) was included as an another surrogate

t.8 The adherence to anti-dementia medications was

indicator for dementia managemen
calculated using the Proportion of Days Covered (PDC).’%% PDC was computed by
dividing the duration of prescription for each time unit by the observation period for every
individual. PDC ranges from 0 (no prescription of anti-dementia medication) is received to
1 (the anti-dementia medication covers the entire observation period). Anti-dementia

medications prescribed beyond the time unit were considered as being utilized in the

subsequent time unit.®>-%
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Dependent variables related to healthcare utilization were the patients with ER visits,
numbers of outpatient visits, the patients with hospitalization, and the number of days

hospitalized. The details of the dependent variables are summarized in the Table 1.

Table 1. Definition of dependent variables

Category Definition

Patients of Whether dementia patients received at
antipsychotics  least one prescription of antipsychotics
prescriptions during each time unit.

No. of days The number of days covered by
Antibsvchotics with antipsychotics during each time unit
Surrogate Psy antipsychotics  (within the limits of the observation
|nd|catqrs for prescriptions period).
dementia
management . o
Frequency of daily prescriptions X
No. of Quantity of each prescriptionx
prescriptions Days of prescription (including any
periods beyond the observation period)
Patients with good adherence to Patlej*nts_wnh PDC>0.8 to anti-dementia
anti-dementia medications medications.
Patients with ER visits Whether _d_ement!a patlent_s had _at least
one ER visits during each time unit
No. of outpatient visits gum of the _number of outpatient visits
Healthcare uring each time unit
Utilizations Whether dementia patients had at least

Patients with hospitalization one hospitalization during each time unit

Sum of the days of admission during each

No. of days hospitalized time unit, ranges 0 to observation periods

Abbreviations: No, Number; ER, Emergency Room
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2) Variable of Interest

The variable of interest in the study was the COVID-19 outbreak in South Korea and
the began of subsequent containment policy. The first COVID-19 case in South Korea
occurred on January 20, 2020, and from early February 2020, a 'social distancing' campaign
was initiated. The official start of government epidemic control policies was on February
29, 2020, and the stringency index indicates that public measures began in early February
2020.°%%° Qverall, this study divided the period before and after the onset of COVID-19

outbreak in Korea using February 1, 2020, as a reference point.

A binary intervention variable indicating before and after COVID-19 pandemic
(February 1, 2020) was included to estimate level change. A continuous time variable as a
3-month interval, centered to February 1, 2020, was included to estimate baseline slope of
outcome variables. The interaction between binary intervention variable and time variable

was incorporated in the model to estimate slope change after the COVID-19 pandemic.
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3) Independent Variables

The independent variables included sex (male or female), age (continuous variable),
residential area (Seoul, metropolitan, urban, or rural), household income levels (quintiles),
health insurance type(local subscriber, employee-based, or medical aid program),
registered disability (yes or no), Charlson comorbidity index (CCI: <1, 2, 3 or over), years
after dementia diagnosis (<1, 1-4, 5 or over), continuous time dummy variable (as 3-
months scale), seasonal effect (based on each 3-month time unit), and the offset variable to
account for individual-specific observation periods. To calculated CCI score, individuals
were classified having comorbid conditions if they had at least two outpatient visits or one
admission for corresponding disease in the 2 years preceding each time unit. Table 2

displays the weights used for calculating the CCI score.®’
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Table 2. Weights for calculating Charlson comorbidity index score

Comorbid conditions Weights

Myocardial infarction 1
Congestive heart failure

Peripheral vascular disease
Cerebrovascular disease

Dementia

Chronic pulmonary disease
Connective tissue disease

Peptic ulcer disease

Mild liver disease

Diabetes

Hemiplegia

Moderate or severe renal disease
Diabetes with chronic complications
Cancer without metastases
Lukemia / lymphoma

Moderate or severe liver disease
Metastatic cancer

AIDS/HIV

O O WNNDNNNR R R P R R PR R R
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3. Statistical Methods

Data were analyzed between July and November 2023. The Chi-square and T-test
were used to evaluate general characteristics of patients with dementia before and after
COVID-19 pandemic. We performed an interrupted time series (ITS) analysis to compare
the longitudinal changes of dependent variables among patients with dementia before and
after COVID-19 pandemic, using an individual-level claim data. The ITS method is
commonly employed to evaluate the effects of policy implementation. The model utilizes
segmented regression with three temporal variables to estimate the pre-intervention slope,
level change at the time of intervention, and post-intervention slope change. In this study,
we designated the onset of the COVID-19 pandemic and the subsequent introduction of

government epidemic control policies as the intervention.

The unit of analysis was a person-quarter (every 3 months). For each dependent
variable, the analysis was performed separately. We used generalized estimating equation
(GEE) model with logit link and binomial distributions with a robust error variance to
estimate marginal relationship between the COVID-19 pandemic and binary dependent
variables (the patients with antipsychotic drug prescriptions, the patients with good
adherence to anti-dementia medications, the patients with ER visits, and the patients with
hospitalization). To analyze the countable dependent variables (the duration of

antipsychotic drug prescriptions, the number of antipsychotic drug prescriptions, the
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number of outpatient visits, and the number of days hospitalized), log link and the Poisson
distributions was utilized. An autoregressive working correlation matrix was used to

account for repeated measures within participants over time.

The commencement date of the COVID-19 pandemic was set as February 1, 2020.
The pre-pandemic period was defined as the February 1, 2016 to the January 31, 2020 and
the post- implementation period was defined as the February 1, 2020 to the October 31,
2021. We adjusted temporal trends of outcomes by using a continuous time variable with
3-months scale. We also controlled the potential seasonality of study outcomes, based on

each time unit.
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The interrupted time series model used in this study is as follows, for patient i at time ¢:

9(E[Yi]) = Bo + B1 * Time; + B, * Post; + B3 » Time, « Post, + ¢, * Season,

+ Ay * Xvie
g: link function;
E: Expectation;
Yi: dependent variable;

Time;: a continuous time variable in 3-months interval, centered at the last pre-intervention

time unit;
Post;: an indicator which assigns 1 if time falls within the post-pandemic periods;
Seasong: an indicator for season based on calendar quarter;

Xyir: the individual-level covariates (sex, age, residential area, household income levels,

registered disability, insurance type, CCI, and years after dementia diagnosis);

In this model, the interpretations of each regression coefficient are as follows: B0
represents the estimates of the baseline level of the dependent variables. 1 represents the
estimate of the baseline slope of the dependent variables. 2 is the estimate of the level
change in the dependent variables immediately following the pandemic. B3 is the estimate
of the slope change in the dependent variables after pandemic. The sum of 1 and (3

denotes the slope of the dependent variables following the post-pandemic periods.*
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The additional analyses were performed to identify whether the stringency of
public measure or duration after pandemic was related to antipsychotic drug prescriptions
of patients with dementia. Instead of binary intervention variable and interaction term,
government stringency index (rescaled by 5-point) and nominal time variables (1-3, 4-6,
7-9, 10-12, 13-15, 16-18, and 19-21 months after the COVID-19 pandemic) were
included for the analyses. Finally, we performed subgroup analyses with the purpose of
evaluating the relationship between primary dependent variable (the patients with
antipsychotic drug prescriptions) and the COVID-19 pandemic according to type of
medical services (outpatient or inpatient). Two-sided p-values<0.05 were considered
statistically significant. All analyses were performed using SAS Enterprise Guide software

(version 7.1; SAS Institute, Cary, NC, USA).
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4. Ethics Statement

This study was reviewed and approved by the Institutional Review Board of Yonsei
University’s Health System in accordance with the principles of the Declaration of Helsinki
(IRB no. 4-2022-1394). Furthermore, as the NHID, the data for this study did not contain

personally identifiable information, the informed consent requirement was exempted.
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IV. Results

1. Impact of COVID-19 Pandemic on Dementia Management: Antipsychotic

Drug Prescriptions and Adherence to Anti-dementia Medications

1) Participants Characteristics

The final sample to evaluate antipsychotic drug prescriptions comprised 9,821,803
observations of patients with dementia over 24 time-periods (every 3-months), with
6,243,936 and 3,577,867 observations in before and after COVID-19 pandemic,
respectively. The mean age was 79.6 years (SD, 8.0 years) and 80.5 (SD, 7.9 years) in
before and after COVID-19 pandemic, respectively. There was a higher proportion of
observations with 5 or more years from dementia diagnosis in post-pandemic group
(30.3%), compared to pre-pandemic group (24.9%). Demographics of study participants

were exhibited in Table 3.
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Table 3. Participants characteristics (to evaluate medications)?

Total Pre-pandemic®  Post-pandemic®
Characteristics p-value
n=9,821,803 n=6,243,936 n=3,577,867

Sex (N, %)
Male 3,017,562 (30.7) 1,907,541 (30.6) 1,110,021 (31.0) <0.001
Female 6,804,241 (69.3) 4,336,395 (69.4) 2,467,846 (69.0)
Age, years (mean, SD) 79.9 8.0 79.6  £8.0 80.5 17.9 <0.001
Residential area (N, %)
Seoul 1,416,673 (14.4) 906,929 (145) 509,744 (14.2)
Metropolitans 1,971,578 (20.1) 1,251,784 (20.0) 719,794 (20.1) <0.001
Urban 4,574,899 (46.6) 2,898,877 (46.4) 1,676,022 (46.8)
Rural 1,858,653 (18.9) 1,186,346 (19.0) 672,307 (18.8)

Household income, quintiles (N, %)
1st (lowest)
2nd
3rd
4th
5th (highest)

Health insurance type (N, %)
Local subscriber
Employee-based
Medical aid program

Registered disability (N, %)
Yes
No

CCI (N, %)

0-1
2
3 or over

Years after dementia diagnosis (N, %)

<1
1-4

5 or over

2,862,170 (29.1)
848,290 (8.6)
1,134,551 (11.6)
1,119,215 (11.4)
3,857,577 (39.3)

2,662,004 (27.1)
5,808,578 (59.1)
1,351,221 (13.8)

7,208,033 (73.4)
2,613,770 (26.6)

3,745,485 (38.1)
2,621,814 (26.7)
3,454,504 (35.2)

2,307,090 (23.5)
4,874,860 (49.6)
2,639,853 (26.9)

1,795,816 (28.8)
527,976 (8.5)
706,929 (11.3)
730,087 (11.7)
2,483,128 (39.8)

1,631,156 (26.1)
3,744,847 (60.0)
867,933 (13.9)

4,597,115 (73.6)
1,646,821 (26.4)

2,300,047 (36.8)
1,685,873 (27.0)
2,258,016 (36.2)

1,580,664 (25.3)
3,108,368 (49.8)
1,554,904 (24.9)

1,066,354 (29.8)
320,314 (9.0)
427,622 (12.0) <0.001
389,128 (10.9)
1,374,449 (38.4)

1,030,848 (28.8)
2,063,731 (57.7) <0.001
483,288 (13.5)

2,610,918 (73.0)
<0.001
966,949 (27.0)

1,445,438 (40.4)
935,941 (26.2) <0.001
1,196,488 (33.4)

726,426 (20.3)
1,766,492 (49.4) <0.001
1,084,949 (30.3)

Abbreviations: CCI, Charlson Comorbidity Index

@The numbers represent observations from study participants at 3-month intervals.

bThe pre- and post-pandemic period were defined as February 1, 2016, through January 31, 2020 and
February 1, 2020 through October 31, 2021
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2) Unadjusted Changes in Antipsychotic drug Prescriptions and Adherence to

Anti-dementia Medication before and after COVID-19 Pandemic

Table 4 present the unadjusted changes in the medications including the patients
with antipsychotic drug prescriptions, the primary outcome of the study, among patients
with dementia before and after COVID-19 pandemic. After COVID-19 pandemic,
increases in patients with antipsychotic drug prescription (0.69 to 0.72 per a person-year,
5.3%), in the duration of antipsychotic drug prescriptions (51.86 to 57.03 per a person- year,
10.0%), the numbers of prescription (72.39 to 84.59 per a person-year, 16.9%) were
observed. The proportion of patients with good adherence to anti-dementia medication
showed slight increase (1.71 to 1.76 per a person- year, 2.5%) after the COVID-19

pandemic.
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Table 4. Unadjusted changes in medications before and after COVID-19 pandemic?

Pre-pandemic® Post-pandemic®
. Unadjusted
Variables (1,491,955 Person-years) (866,084 Person-years) Change, %
Number Crude IR® Number Crude IR®

Antipsychotic drug prescriptions
A. Patients with prescription 1,026,165 0.69 627,008 0.72 5.3
B. Duration of prescription 77,370,303 51.86 49,391,221 57.03 10.0
C. Numbers of prescription 108,002,312 72.39 73,260,002 84.59 16.9
Patients with good anti-dementia 2,556,695 171 1,521,766 176 25

medication adherence (PDC>0.8)

Abbreviations: COVID-19, Coronavirus Disease 2019; IR, Incidence Rate; PDC, Proportion of Days Covered

aThe numbers represent observations from study participants at 3-month intervals.

The pre- and post-pandemic period were defined as February 1, 2016, through January 31, 2020 and February 1, 2020 through
October 31, 2021

Per person-years

37



3) Results of ITS Analysis for Antipsychotic drug Prescriptions and Adherence to

Anti-dementia Medication

Figure 8 illustrates the results of ITS analysis regarding antipsychotic drug
prescriptions and adherence to anti-dementia medication among patients with dementia
aged 60 or older. The increases in slopes were observed in patients with the likelihood of
being prescribed with antipsychotic drug, the duration of antipsychotic drug prescription,
and the patients with good adherence to anti-dementia medication after the COVID-19
pandemic, as compared to the pre-pandemic period. The number of antipsychotics
prescription showed an immediate increase after the pandemic, followed by a slight upward

trend.

Table 5 presents the results of ITS analysis, illustrating the pre-pandemic trend,
level change, slope change, and post-pandemic trend for each outcome variable. The
likelihood of being prescribed with antipsychotic drug and the duration of prescription after
the COVID-19 pandemic were immediately decreased by -2.7% (estimate, 0.973; 95% CI,
0.967-0.979; P<.001), and -1.8 % (estimate, 0.982; 95% CI, 0.976-0.987; P<.001),
respectively, but the trends were significantly increased during the post-pandemic periods,
compared to pre-pandemic periods. The trend of likelihood of receiving antipsychotic drug
and the duration of prescription increased relatively by 1.5% (estimate, 1.015; 95% CI,
1.013-1.017; P<.001) and 3.2% (estimate, 1.015; 95% CI, 1.013-1.017; P<.001),
respectively, compared with pre-pandemic trends. Compared to pre-pandemic, the number

of antipsychotic prescription exhibited an immediate increase of 2.7% (estimate, 1.027; 95%
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CI, 1.019-1.034; P <.001) following the pandemic, along with an increase in trend by 0.4%

per 3-months (estimate, 1.004; 95% CI, 1.002-1.006; P <.001).

Patients with good adherence to anti-dementia medication showed immediate
decrease of -1.5% (estimate, 0.985; 95% CI, 0.983-0.988; P <.001) following the pandemic,
along with an increase in trend by 0.5% per 3-months (estimate, 1.005; 95% CI, 1.005-

1.006; P <.001).

39



outbreak

Covid-19

The duration of antipsychotic drug prescriptions

15

outbreak

Covid-19

0

W W S N O 0 W 5 N O

E Patients with antipsychotic drug prescriptions

2

POo-bny
Inr-Aew
idy-qad
uef-AON
PO-bny
Inr-Aew
sdy—qe4
uef-AoN
po-bny
Inr-Aew
1dy-ga4
uef-AON
Po-bny
Inr-Aew
idvy—ga4
uef-AoN
PO-bny
Inf-Aew
ady—qe4
uef-AON
po-bny
Inf-Aei

idy—qe4

<t M N — O O 0 M~ O oW

wo-bny
Inr—Kew
idy-qay
UB(-AON
Po-bny
Inr=Kew
1dy-qe4
UB-AON
wo-6ny
Inf-Aew
1dv-qa4
UBf-AON
po-bny
Int—Kew
idy—qay
UB-AON
po-bny
Inr-Kew
1dy-qe4
UB(-AON
wo-6ny
Inf-Aew

sdv-aay

2021

2020

outbreak

2019

2017 2018
Covid-19

2016

46
45
44

IEI Patients with good adherence to anti-dementia medications

2021

2020

outbreak

2018 2019
Covid-19

2017

2016

The number of antipsychotic drug prescriptions

PO-6bny
Inf-Kew
1dv-qa3
uef-AoN
po-bny
Inr-Aew
1dy-qe4
uef-AON
Po-bny
Inr-Aeiy
1dy-qa4
uef-AON
PO-bny
Inr-Aewy
1dv-qa3
uef-AON
po-bny
Inr-Aewy
idy—qey
uer-AoN
po-bny
Inr-Aeiy

idy—qay

Ppo-bny
Inr-Aew
idv-qa4
uer-AoN
Po-bny
Inf=Ae
1dy-qa4
uef-AON
po-bny
Inr-Aew
1dv-qag
uer-AoN
Po-bny
Inr-Aew
ady—qa4
uer-AoN
po-bny
Inf-Ae
1dy—ga4
uef-AON
po-bny
inr-Aew

sdy-qeg

2021

2017 2018 2019 2020

2016

2018 2019 2020 2021
40

2017

2016

Figure 8. Results of interrupted time series analyses of changes in antipsychotic drug prescriptions and adherence to anti-

dementia medications among patients with dementia



Table 5. Results of ITS analysis for antipsychotic drug prescriptions and
adherence to anti-dementia medication?

Exp(p) 95% ClI P-value
Antipsychotic drug prescriptions
A. Likelihood of prescription
Baseline trend 1.000 (0.999 - 1.001) 0.496
Level change after pandemic 0.973 (0.967 - 0.979) <.001
Slope change after pandemic 1.015 (1.013-1.017) <.001
Follow-up outcome trend 1.015 (1.014 - 1.017) <.001
B. Duration of prescriptions
Baseline trend 1.011 (1.010-1.013) <.001
Level change after pandemic 0.982 (0.976 — 0.987) <.001
Slope change after pandemic 1.032 (1.029 - 1.034) <.001
Follow-up outcome trend 1.055 (1.052 —1.057) <.001
C. Numbers of prescriptions
Baseline trend 1.011 (1.010-1.012) <.001
Level change after pandemic 1.027 (1.019-1.034) <.001
Slope change after pandemic 1.004 (1.002 — 1.006) 0.001
Follow-up outcome trend 1.015 (1.013-1.017) <.001
Patients with good adherence for anti-dementia medications (PDC20.8)
Baseline trend 1.000 (1.000 - 1.001) 0.037
Level change after pandemic 0.985 (0.983 —0.988) <.001
Slope change after pandemic 1.006 (1.005 — 1.006) <.001
Follow-up outcome trend 1.006 (1.005 - 1.006) <.001

Abbreviations: ITS, Interrupted Time Series; PDC, Proportion of Days Covered

aThe pre- and post-pandemic period were defined as February 1, 2016, through January 31,
2020 and February 1, 2020 through October 31, 2021
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4)  The Association between the Stringency of Public Measures, the Elapsed Period

after COVID-19 Pandemic, and the Antipsychotic drug Prescription.

The likelihood of being prescribed with antipsychotic drug had demonstrated a
dose-response relationship with elapsed period after the COVID-19 pandemic. For instance,
compared to pre-pandemic period, the likelihood of receiving antipsychotic prescriptions
was -1.6% (estimate, 0.984; 95% CI, 0.978-0.991; P <.001) lower, 4.1% (estimate, 1.041;
95% CI, 1.031-1.046; P <.001) and 8.9% (estimate, 1.089; 95% CI, 1.075-1.103; P <.001)
higher during the first 3 months, 10-12 months, and 19-21 months after COVID-19
pandemic. In the same analysis, the baseline trend for antipsychotic drug prescriptions
before COVID-19 remained unchanged (estimate, 1.000; 95% CI, 0.999-1.001; P=0668).
However, the likelihood of antipsychotic drug prescription after the COVID-19 pandemic
decreased by -0.01% (estimate, 0.999; 95% CI, 0.998-0.999; P <.001) for every 5 scores

of stringency index (Table 6).
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Table 6. The association between the stringency of public measures, the elapsed
time after pandemic, and the antipsychotic drug prescriptions?

Exp(p) 95% ClI P-value
Patients with antipsychotic drug prescriptions
A. The COVID-19 stringency index®
Baseline outcome trend 1.004  (1.004-1.005)  <.001
Stringency index (rescaled) 0.999  (0.998-0.999)  <.001
B. Elapsed time after COVID-19 pandemic
Baseline outcome trend 1.000  (0.999-1.001)  0.668
1 -3 months 0.984 (0.978 - 0.991) <.001
4 — 6 months 1.038 (1.030-1.046) <.001
7 — 9 months 1.046 (1.036 — 1.055) <.001
10 — 12 months 1.041 (1.031 - 1.046) <.001
13 - 15 months 1.060 (1.048 - 1.073) <.001
16 — 18 months 1.073 (1.060-1.086) <.001
19 — 21 months 1.089 (1.075-1.103)  <.001

Abbreviations: COVID-19, Coronavirus disease-19

aThe pre- and post-pandemic period were defined as February 1, 2016, through January 31, 2020
and February 1, 2020 through October 31, 2021

bThe COVID-19 stringency index was rescaled to 5-point increments
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5) The Association between the Antipsychotic drug Prescriptions and COVID-19

Pandemic in Outpatient and Inpatient Settings

Table 7 exhibits the association between the antipsychotic drug prescriptions and
COVID-19 pandemic in outpatient and inpatient settings. The likelihood of being
prescribed antipsychotic drug in outpatient clinic showed relative increase in slope by 1.7%
(estimate, 1.017; 95% CI, 1.015-1.019; P <.001) after immediate level change by -3.0%
(estimate, 1.017; 95% CI, 1.015-1.019; P <.001) following the COVID-19 pandemic. The
likelihood of receiving antipsychotic drug in hospitalized patients with dementia showed
immediate level change by 4.6% (estimate, 1.046; 95% CI, 1.003-1.090; P <.001) and
subsequent slope change by -1.0% (estimate, 0.990; 95% CI, 0.981-0.999; P <.001) after
the COVID-19 pandemic. The likelihood of being prescribed with antipsychotic drug
among hospitalized patients with dementia showed increasing baseline trend by 0.8%
(estimate, 1.008; 95% CI, 1.005-1.010; P <.001) per every 3-monts before the pandemic,
but demonstrated stable post-pandemic trend (estimate, 0.997; 95% CI, 0.989-1.006;

P =.520).
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Table 7. The association between the antipsychotic drug prescriptions and COVID-
19 pandemic in outpatient and inpatient settings®

Exp(B) 95% ClI P-value
Patients with antipsychotics prescriptions
A. Outpatient setting
Baseline trend 1.001 (1.000 - 1.002)  0.049
Level change after pandemic 0.970 (0.964 - 0.976)  <.001
Slope change after pandemic 1.017 (1.015-1.019) <.001
Follow-up outcome trend 1.018 (1.017-1.020) <.001
B. Inpatient setting
Baseline trend 1.008 (1.005-1.010) <.001
Level change after pandemic 1.046 (1.003 - 1.090) 0.036
Slope change after pandemic 0.990 (0.981 - 0.999) 0.027
Follow-up outcome trend 0.997 (0.989 - 1.006) 0.520

Abbreviations: COVID-19, Coronavirus disease-19
@The pre- and post-pandemic period were defined as February 1, 2016, through January 31, 2020
and February 1, 2020 through October 31, 2021
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2. Impact of COVID-19 Pandemic on Healthcare Utilizations of Patients with

Dementia

1) Participants Characteristics

Table 8 shows the general characteristics of study participants to evaluate healthcare
utilizations among patients with dementia. The final sample to evaluate healthcare
utilizations comprised 11,358,180 observations of patients with dementia over 24 time-
periods (every 3-months), with 7,291,460 and 4,066,720 observations in before and after
COVID-19 pandemic, respectively. The mean age was 80.0 years (SD, 8.1 years) and 80.8
(SD, 8.0 years) in before and after COVID-19 pandemic, respectively. There was a higher
proportion of observations with 5 or more years from dementia diagnosis in post-pandemic

group (31.6%), compared to pre-pandemic group (27.8%).
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Table 8. Participants characteristics (to evaluate healthcare utilization)?

Characteristics

Total

Pre-pandemic®

Post-pandemic®

n=11,358,180

n=7,291,460

p-value
n=4,066,720

Sex (N, %)
Male
Female

Age, years (mean, SD)

Residential area (N, %)
Seoul
Metropolitans
Urban
Rural

Household income, quintiles (N, %)
1st (lowest)
2nd
3rd
4th
5th (highest)

Health insurance type (N, %)
Local subscriber
Employee-based
Medical aid program

Registered disability (N, %)
Yes
No

CCI (N, %)

0-1
2
3 or over

Years after dementia diagnosis (N, %)

<1
1-4

5 or over

3,415,169 (30.1)
7,943,011 (69.9)
803 8.1

1,551,736 (13.7)
2,439,317 (21.5)
5,230,143 (46.0)
2,136,984 (18.8)

3,428,279 (30.2)
972,995 (8.6)
1,299,814 (11.4)
1,275,406 (11.2)
4,381,686 (38.6)

3,067,064 (27.0)
6,627,567 (58.4)
1,663,549 (14.6)

8,259,458 (72.7)
3,098,722 (27.3)

4,366,539 (38.4)
3,000,218 (26.4)
3,991,423 (35.1)

2,589,591 (22.8)
5,607,508 (49.4)
3,161,081 (27.8)

2,174,759 (29.8)
5,116,701 (70.2)
800 8.1

998,721 (13.7)
1,572,811 (21.6)
3,343,024 (45.8)
1,376,904 (18.9)

2,173,587 (29.8)
611,957 (8.4)
817,687 (11.2)
840,105 (11.5)
2,848,124 (39.1)

1,899,464 (26.1)
4,314,608 (59.2)
1,077,388 (14.8)

5,321,132 (73.0)
1,970,328 (27.0)

2,715,360 (37.2)
1,948,108 (26.7)
2,627,992 (36.0)

1,790,860 (24.6)
3,626,237 (49.7)
1,874,363 (25.7)

1,240,410 (30.5)
<0.001
2,826,310 (69.5)

80.8 +8.0 <0.001

553,015 (13.6)
866,506 (21.3) _
1,887,119 (46.4)
760,080 (18.7)

0.001

1,254,692 (30.9)
361,038 (8.9)
482,127 (11.9) <0.001
435,301 (10.7)
1,533,562 (37.7)

1,167,600 (28.7)
2,312,959 (56.9) <0.001
586,161 (14.4)

2,938,326 (72.3)
<0.001
1,128,394 (27.7)

1,651,179 (40.6)
1,052,110 (25.9) <0.001
1,363,431 (33.5)

798,731 (19.6)
1,981,271 (48.7) <0.001
1,286,718 (31.6)

Abbreviations: CCI, Charlson Comorbidity Index
@The numbers represent observations from study participants at 3-month intervals.

bThe pre- and post-pandemic period were defined as February 1, 2016, through January 31, 2020 and
February 1, 2020 through October 31, 2021
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2) Unadjusted Changes in Healthcare Utilizations among Patients with Dementia

before and after COVID-19 Pandemic

Table 9 present the unadjusted changes in the healthcare utilizations among
dementia patients after COVID-19 pandemic. After COVID-19 pandemic, all four
dependent variables regarding healthcare utilization decreased compared with pre-
pandemic period. Specifically, in patients with ER visits (0.16 to 0.13 per a person-year, -
17.1%), in the number outpatient visits (32.86 to 31.11 per a person- year, -5.3%), in the
patients experienced admission (1.16 to 0.96 per a person-year, -17.1%), and in the number

of days hospitalized (65.80 to 54.03 per a person- year, -17.9%) were observed.
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Table 9. Unadjusted changes in healthcare utilizations before and after COVID-19 pandemic?

Pre-pandemic® Post-pandemic®
Variables (1,764,559 Person-years) (991,695 Person-years) Léﬂg?]jgﬁt;j
Number Crude IR® Number Crude IR®
Health utilizations
A. Patients with ER visit 283,126 0.16 131,934 0.13 171
B. Number of outpatient visits 57,983,821 32.86 30,849,633 31.11 5.3
C. Patients with hospitalization 2,050,395 1.16 955,134 0.96 171
D. Number of days hospitalized 116,111,881 65.80 53,585,920 54.03 -17.9

Abbreviations: COVID-19, Coronavirus Disease 2019; IR, Incidence Rate
@The numbers represent observations from study participants at 3-month intervals.

The pre- and post-pandemic period were defined as February 1, 2016, through January 31, 2020 and February 1, 2020 through

October 31, 2021
°Per person-years
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3) Results of ITS Analysis for Healthcare Utilizations

Figure 9 exhibits the results of ITS analysis to predict the change in healthcare
utilizations before and after COVID-19 pandemic. All four indicators of healthcare
utilization showed immediate decrease at the time of COVID-19 pandemic and the
subsequent recovery during pandemic period. Additionally, the declining trend observed
before the pandemic shifted to an upward trajectory afterward for the likelihood of having
ER visits, numbers of outpatient visits, and the number of days hospitalized patients with
dementia. However, in the case of the likelihood of being hospitalized, although the pre-
pandemic decreasing trend had somewhat mitigated, it still exhibits a continuous decline

pattern during pandemic period.

Table 10 shows the results of ITS, the estimated parameters for pre-pandemic trend,
level change, slope change, and post-pandemic trend for the healthcare utilizations (the
patients with ER visits, numbers of outpatient visits, the patients with hospitalization, and
the number of days hospitalized patients with dementia) among patients with dementia. All
four healthcare utilization-related dependent variables showed an immediate decrease at
the time of COVID-19 pandemic, followed by an increasing trend over the course of the
pandemic period. The likelihood of having ER visits, the number outpatient visits, the
likelihood of being hospitalized, and the number of days hospitalized after the COVID-19
pandemic were immediately decreased by -22.1% (estimate, 0.779; 95% CI, 0.767-0.791;
P<.001), -13.7% (estimate, 0.863; 95% CI, 0.861-0.865; P <.001), -13.0% (estimate,

0.870; 95% CI, 0.865-0.875; P <.001), and -3.8% (estimate, 0.962; 95% CI, 0.956-0.968;
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P <.001), respectively. The estimated slope after COVID-19 pandemic were relatively
increased by 0.6% (estimate, 1.006 95% CI, 1.003-1.010; P <.001), 2.0% (estimate, 1.020;
95% CI, 1.019-1.020; P <.001), 0.9% (estimate, 1.009; 95% CI, 1.007-1.010; P <.001),
and 5.2% (estimate, 1.052; 95% CI, 1.049-1.055; P <.001) for the likelihood of having ER
visits, the number outpatient visits, the likelihood of being hospitalized, and the number of

days hospitalized, respectively.
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Figure 9. Results of interrupted time series analyses of changes in healthcare utilizations among patients with dementia
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Table 10. Results of ITS analysis for healthcare utilizations®

Exp(p) 95% Cl P-value

Healthcare utilizations of patients with dementia
A. Patients with ER visit

Baseline trend 1.005 (1.004 - 1.006) <.001
Level change after pandemic 0.779 (0.767 - 0.791) <.001
Slope change after pandemic 1.006 (1.003 - 1.010) <.001
Follow-up outcome trend 1.011 (1.008 — 1.014) <.001
B. Number of outpatient visits
Baseline trend 0.998 (0.997 — 0.998) <.001
Level change after pandemic 0.863 (0.861 — 0.865) <.001
Slope change after pandemic 1.020 (1.019 - 1.020) <.001
Follow-up outcome trend 1.017 (1.016 — 1.018) <.001
C. Patients with hospitalization
Baseline trend 0.986 (0.985 —0.986) <.001
Level change after pandemic 0.870 (0.865 — 0.875) <.001
Slope change after pandemic 1.009 (1.007 - 1.010) <.001
Follow-up outcome trend 0.994 (0.993 - 0.995) <.001
D. Number of days hospitalized
Baseline trend 0.980 (0.979 - 0.982) <.001
Level change after pandemic 0.962 (0.956 — 0.968) <.001
Slope change after pandemic 1.052 (1.049 — 1.055) <.001
Follow-up outcome trend 1.031 (1.029 - 1.033) <.001

Abbreviations: ITS, Interrupted Time Series; ER, Emergency Room
aThe pre- and post-pandemic period were defined as February 1, 2016, through January 31,
2020 and February 1, 2020 through October 31, 2021
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V. Discussion

1. Discussion of the Study Method

1) Discussion of the Study Method

This study aimed to investigate the impact of the COVID-19 pandemic on the
management and healthcare utilizations of patients with dementia aged 60 and above in
South Korea. Surrogate indicators for assessing the management of patients with dementia
in this study included three variables related to the prescription of antipsychotic drug
(likelihood of prescription, the duration of prescriptions, and the number of prescriptions),
as well as adherence to anti-dementia medications. Additionally, healthcare utilization
variables in the study included the likelihood of ER visits, the number of outpatient visits,

the likelihood of hospitalization, and the number of days hospitalized.

For the study, we selected surrogate indicators from health insurance claim data to
indirectly assess the management status of patients with dementia. Antipsychotic drug are
not officially approved for the treatment of BPSD in patients with dementia.?®* However,
they are commonly prescribed off-label when non-pharmacological means fail, and the
patient exhibits symptoms such as psychosis and aggression, where the benefits outweigh
the risks.*® Previous studies have consistently reported increased social isolation,

caregiving burden, and BPSD in patients with dementia after the onset of COVID-
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pandemic.5%6%° These challenges in dementia management could ultimately lead to an
increase in the prescription of antipsychotic drug.’>® Furthermore, to assess changes in
medical treatment and healthcare accessibility for patients with dementia after the
pandemic, variables related to healthcare utilization and adherence to dementia drug
prescriptions were included. Moreover, our study utilized data provided by the NHIS,
including a 50% random sample of patients with dementia, identified from ICD-10 codes,
from 2010 to 2021. Therefore, our study enabled the analysis of a large sized nationwide

sample and individual-level observations.

To determine the onset of the COVID-19 pandemic and the subsequent public
health measures, we comprehensively considered the number of COVID-19 cases, the
stringency index representing the intensity of public measures, and the overall situation in
South Korea during the early stages of the outbreak.®® South Korea experienced early
COVID-19 outbreaks and government-driven infection control polices globally.’%%
Therefore, in our study, we defined February 1, 2020, as the starting point of the COVID-
19 pandemic, considering the period between the first COVID-19 case on January 20, 2020,
and the official initiation of government infection control policies on February 29, 2020.
The ITS method used in this study allows the analysis of changes in dependent variables
over time concerning interventions that occurred at specific points. While commonly used
to evaluate the effects of policies, it can also be applied to assess the impact of significant
events like the COVID-19 pandemic.® In South Korea, where the number of patients with

dementia is showing a rapid increase over time due to aging population, the characteristics
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of participants included in the early and later stages of the study period may differ.
Therefore, we utilized individual-level data for statistical analysis to avoid potential
ecological fallacy and evaluate the pure impact of the COVID-19 pandemic on the temporal

changes of outcome variables.
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2) Strengths and Limitations of the Study

This study, using an ITS method, examined the impact of the COVID-19 pandemic
on the prescription of antipsychotic drug, adherence to anti-dementia medications and
healthcare utilizations among patients with dementia aged 60 or older in South Korea. The
data used in our study is derived from customized data provided by the NHI, encompassing
50% of all South Korean dementia patients, which strengthened the study in terms of both
representativeness and sample size. Furthermore, we utilized data that includes individual-
level variables until October 2021. In addition to encompassing a relatively extended
observation period after pandemic compared to similar previous studies, we were able to
more accurately discern the impact of COVID-19 on the dependent variables by controlling
individual-level variables.®® In addition, our study went beyond investigating changes in
antipsychotic drug usage following the COVID-19 pandemic; We not only analyzed
variables such as the duration and the number of antipsychotic drug prescriptions but also
comprehensively examined the healthcare utilization and adherence to anti-dementia
medication among patients with dementia. This allowed us to assess the management and

healthcare utilization status of patients with dementia before and after the pandemic.

However, our study has certain limitations that require careful consideration when
interpreting the results. Firstly, assessing the qualitative impact of COVID-19 on patients
with dementia posed challenges in the claims data used for the study. The data for the study

included variables such as individuals' general characteristics, medical diagnoses
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represented as ICD-10 codes, healthcare utilization, and medical expenses. However, the
data did not provide insights into crucial aspects of dementia management, such as changes
in behaviors, psychological aspects, social activities, and caregiving environments among
patients with dementia. While these variables had been well-studied in previous research,
our study evaluated prescriptions antipsychotic drug, a variable reflecting the challenges in
dementia management, with a nationwide large sample. Secondly, our study focused on
evaluating process indicators, such as healthcare utilization and medications, rather than
outcome indicators reflecting the health status of patients with dementia. Therefore, it
should be clarified through future research that whether the changes in antipsychotic drug
prescriptions or healthcare utilization following the COVID-19 pandemic affected the
health outcomes of patients with dementia. Third, patients with dementia admitted to
LTCHs throughout each time-unit were excluded from the analysis related to medication
changes. Given the restrictions on visitation, patients with hospitalized in LTCHs might
also have experienced an increased likelihood of antipsychotic drug prescriptions.
Therefore, the estimated effect size in our study regarding antipsychotic drug prescriptions
might have been underestimated compared to the actual scenario. Lastly, although we used
the ITS method and controlled patient-level characteristics to evaluate relative changes in
dependent variables, there might still be unmeasured confounding factors or the impact of
external factors. Lastly, our study identified patients with dementia and comorbid
conditions using ICD-10 codes, which might introduce some inaccuracies due to the

inherent limitations of claim codes.
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2. Discussion of the Results

The summary of the findings from this study are as follows. First, following the
COVID-19 pandemic and subsequent infection control policies, there was a relative
upswing in the trend of antipsychotic drug prescriptions (likelihood prescription, the
duration of prescriptions, and the number of prescriptions) compared to the pre-pandemic
period. In ITS analysis controlling for individual-level variables and seasonality, the
prescription of antipsychotic drug for patients with dementia showed no significant change
before COVID-19 pandemic. However, following the onset of COVID-19 pandemic, a
consistent increasing trend has been observed, indicating a turning point in the prescription
of antipsychotic drug for patients with dementia associated with the pandemic. In terms of
adherence to anti-dementia medications, there was a slight immediate decrease and relative
increasing trend following COVID-19 pandemic compared to the pre-pandemic period
although the effect size was not substantial. In additional analysis, the likelihood of
antipsychotic drug prescriptions exhibited an increase with the lengthening post-pandemic
elapsed period rather than being influenced by the intensity of infection control measures
(represented as COVID-19 stringency index). For patients with dementia admitted to
hospitals, there was an initial increase in antipsychotic drug prescriptions immediately after
COVID-19, followed by a relative decrease in slope during the pandemic period, which

differed from the pattern observed in outpatient settings. Lastly, Healthcare utilizations
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among patients with dementia, including the likelihood of ER visits, the number of
outpatient visits, likelihood of hospitalizations, and the number of days hospitalized, all
decreased immediately after the onset of COVID-19. Particularly, the likelihood of ER

visits showed a significant decline of 22.1% following the COVID-19.

The decline in healthcare utilization after COVID-19 aligns with findings from
previous studies conducted in various countries, including those within South
Korea.**7>77.791 Particularly in the case of South Korea, concerns about healthcare-
associated infections following the MERS outbreak might have contributed to a noticeable
reduction in healthcare facility visits.> Our study, focusing solely on patients with dementia,
did not appear to show significant differences compared to research targeting the general
older adults in South Korea.” Additionally, a results from Canadian study also exhibited
no substantial differences in the level of pandemic-related reduction in healthcare
utilization among patients with dementia, with Parkinson's disease, and the general elderly

population.®?

Despite the decrease in healthcare utilization, the adherence to anti-dementia
medication, showed a slight improvement in post-pandemic compared to the pre-pandemic
period. Our findings consistent with other studies using methods such as telephone surveys
or claim data, indicating that there was no significant difference in healthcare utilization
for chronic conditions among Korean older adults before and after COVID-19.7%” This

could be interpreted as successful adaptation by healthcare institutions, patients with
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dementia, and their caregivers to the government's infection control policies in Korea.
However, it is deemed that the impact of the temporary allowance of telemedicine (since
March 2020) and remote prescriptions (since December 2020), permitted to prevent the
spread of COVID-19 within healthcare institutions, might have contributed to the
findings.”? Particularly, as shown in the Figure 9, from the latter half of 2020, adherence to
anti-dementia medication surpassed pre-pandemic levels, suggesting the positive influence

of telemedicine on medication adherence.

Our study revealed a gradual increasing trend in the antipsychotic drug
prescriptions for patients with dementia after the COVID-19 pandemic. The observed slight
decrease in antipsychotic drug prescriptions immediately after COVID-19 could be
attributed to the reduction in healthcare utilization or considered an artifact resulting from
the analysis methodology. In a study conducted by Luo and colleagues, utilizing data from
six countries, a trend of increased prescription rates was observed in Germany in the ITS
analysis.> However, no significant changes were noted in the United Kingdom, France,
and South Korea. Moreover, in Germany, there was a substantial immediate decrease in
antipsychotic drug prescriptions after COVID-19 pandemic which differed from the
findings in our study. In the two datasets from the United States, contrasting changes in
antipsychotics prescription were observed. In the case of US Open Claims, there was a
similar trend to our study, with a monthly increase of 0.3% in antipsychotics prescription
after COVID-19 pandemic. However, in a time-series analysis conducted by Schnier and

colleagues using Wales' data, no significant increase in antipsychotic drug prescriptions
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was observed after COVID-19, compared to pre-pandemic periods.>* The Korean data
included in Luo's study only included patients with dementia admitted to two tertiary
hospitals in South Korea. Along with lack of representativeness for patients with dementia
in South Korea, and the data could be influenced by specific events related to hospital
conditions other than COVID-19 pandemic. In terms of other countries, the exact reasons
for differences across countries were not clear.’? Variations in antipsychotic drug
prescription practices during the pandemic, differences in the management model for
dementia patients, disparities in healthcare systems, and variations in dataset and coding
might had played a role in different findings across the countries. For instance, in the Wales
study, the rate of patients with dementia receiving antipsychotic drug was 0.12 per person-
year, which is one-sixth of the level observed in our study.>® Therefore, the higher level of
healthcare utilization or a relatively lenient prescription practice for antipsychotic drug in
patients with dementia in South Korea could also have contributed to the differences in

results.

Although it is hard to pinpoint the specific reasons for the increase in antipsychotic
drug prescriptions based on our data, it is believed that factors such as the exacerbation of
BPSD and a decreased accessibility to care and medical services might have played a
role. 33646793 South Korea implemented government-led containment policies restricting
public facility usage early in the COVID-19 pandemic. Moreover, due to the prior
experience with MERS, there was heightened public awareness of infectious diseases,

leading to active voluntary social distancing campaigns.>® The capacities of community
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dementia centers, which previously provided management, education, and social programs
for patients with dementia in each region, were redirected toward infectious disease

responses, resulting in a reduction in local resources available for patients with dementia.?

Consequently, post-pandemic, patients with dementia in South Korea might have
experienced limitations in voluntary or involuntary movement, reduced visits from family
members or caregivers, and challenges in non-pharmacological management of BPSD
through social activities and programs.”’” Additionally, the significant increase in the
number of dementia patients due to aging likely exacerbated the shortage of caregiving and
support resources during the pandemic, leading to the worsening of BPSD and the
subsequent increase in antipsychotic drug prescriptions.®® Since early stage of COVID-19
pandemic international dementia experts have urged efforts to mitigate the negative impact
of the pandemic and lockdown policies on dementia patients.®*** In South Korea,
accessibility to anti-dementia medications was maintained through initiatives such as
telemedicine and voluntary efforts by the public and healthcare institutions. However, the
overall increasing trend in antipsychotic drug prescriptions during the pandemic raises
questions about whether non-pharmacological behavioral interventions, caregiving, and

mental health support for patients with dementia were sufficient.

Finally, in our results, the increase in antipsychotic drug prescriptions for patients
with dementia was seemed to be more associated with the elapsed time post-pandemic than

the stringency of containment policies. Increased fatigue among patients, caregivers, and
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healthcare institutions due to prolonged restrictions ultimately resulting in an increase in
antipsychotic drug prescriptions in patients with dementia. Beyond the results of our study,
whether these findings apply uniformly to the health outcomes of patients with dementia,
other diseases, and the general population should be explored in future research. Moreover,
these results indicate that in future similar infectious disease disaster situations where social
distancing measures are prolonged, there may be an urgent need for social and mental

support, particularly for vulnerable populations, including patients with dementia.
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VII. Conclusion

This study investigated the relative changes in surrogate indicators for dementia
management (antipsychotic drugs prescriptions, adherence to anti-dementia medications)
and healthcare utilizations among Korean patients with dementia following the COVID-19
pandemic and subsequent public measures. The findings indicate a relative increase in the
trend of antipsychotic drug prescriptions for patients with dementia after the COVID-19
pandemic compared to the pre-pandemic period. Following the pandemic, despite the
gradual restoration of healthcare accessibility and the maintenance of anti-dementia
medication prescription levels, the management of patients with dementia had not
completely recovered from the negative impact of the pandemic. Therefore, efforts are
needed to enhance qualitative healthcare services for patients with dementia, including
caregiving programs, non-pharmacological interventions, mental health support, and
guidelines for antipsychotic drug prescriptions. Additionally, our findings underscore the
importance of swift intervention by policymakers for vulnerable populations, including

patients with dementia, in future infectious disease crises similar to COVID-19.
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Appendix 1. Incidence of patients with dementia being prescribed with antipsychotic drugs

and related events (potential external effects) in Korean LTCHs

COVID-19 outbreak
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Abbreviations: IR, Incidence Ratio; LTCH, Long-Term Care hospital; HIRA, Health
Insurance Review and Assessment Service; COVID-19, Coronavirus Disease 2019; KCHA,
Korean Convalescent Hospital Association; BPSD, Behavioral and Psychological

Symptoms of Dementia
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Appendix 2. Results of subgroup analysis stratified by sex

Estimates (95% CI)?2

Male P-value Female P-value
Patients with antipsychotic drug prescriptions
Baseline trend 0.998 (0.997 —1.000) 0.035 1.001(1.000-1.002) 0.043
Level change after pandemic  0.977 (0.966 —0.987) <.001  0.971(0.964 —0.979) <.001
Trend change after pandemic  1.012 (1.009 - 1.015) <.001  1.017 (1.014-1.019) <.001
Follow-up outcome trend 1.010(1.008 -1.013) <.001 1.018(1.016-1.020) <.001

2 Estimates were calculated by statistically adjusting for all covariates other than sex

Appendix 3. Results of subgroup analysis stratified by age

Estimates (95% ClI)?2

60 — 69 years P-value 70 — 79 years P-value > 80 years P-value
Patients with antipsychotic drug prescriptions
Baseline trend 0.994 (0.991-0.997) <.001 1.000(0.998 -1.001) 0.611 1.001(0.999-1.004) <.001
Level change after pandemic 0.972 (0.953-0.991) 0.004 0.973(0.961-0.984) <.001 0.987 (0.965-1.009) <.001
Trend change after pandemic  1.026 (1.020 - 1.032) <.001  1.011(1.008 -1.014) <.001  1.005(1.000-1.010) <.001
Follow-up outcome trend 1.02 (1.015-1.025)  <.001  1.011(1.008-1.013) <.001  1.006 (1.002 -1.011)  <.001

@ Estimates were calculated by statistically adjusting for all covariates
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Appendix 4. Results of subgroup analysis stratified by household income level

Estimates (95% CI)?2
Quintile 1 P- _— P- _— P- _— P- Quintile 5 P-
(Lowest) value Quintile 2 value Quintile 3 value Quintile 4 value  (Highest)  value
Patients with antipsychotic drug prescriptions
1.006 (1.004-1.007) <.001 1.006 (1.003-1.009) <.001 1.001 (0.999-1.004) 0.256 1.001 (0.999-1.004) 0.260 1.000 (0.999-1.001) 0.967

Baseline trend
Level change after pandemic 0.973 (0.963-0.984) <.001 0.987 (0.961-1.015) 0.359 0.987 (0.965-1.009) 0.243 0.993 (0.970-1.016) 0.529 0.972 (0.962-0.983) <.001
Trend change after pandemic1.012 (1.009-1.015) <.001 1.001 (0.995-1.008) 0.668 1.005 (1.000-1.010) 0.072 1.006 (1.000-1.012) 0.041 1.009 (1.006-1.012) <.001

Follow-up outcome trend ~ 1.018 (1.015-1.020) <.001 1.008 (1.003-1.013) 0.004 1.006 (1.002-1.011) 0.005 1.007 (1.003-1.012) 0.002 1.009 (1.006-1.011) <.001

2 Estimates were calculated by statistically adjusting for all covariates other than household income level

Appendix 5. Results of subgroup analysis stratified by years after dementia diagnosis
Estimates (95% ClI)?2

< 1years P-value 1-4years P-value > 5 years P-value

Patients with antipsychotic drug prescriptions
Baseline trend 1.000 (0.998 —1.002) 0.986  1.004 (1.003 —1.006) <.001  1.008 (1.006 —1.010) <.001

Level change after pandemic ~ 1:009 (0.991-1.028) ~ 0.311  0.964 (0.956 -0.972) ~ <.00L ~ 0.970 (0.961 -0.980) ~ <.001
Trend change after pandemic  1.002 (0.997 —1.006) 0.455 1.015(1.012-1.018) <.001 1.012(1.009-1.015) <.001
Follow-up outcome trend 1.002 (0.998 —-1.006) 0.379  1.019(1.017-1.021) <.001 1.020(1.018-1.022) <.001

@ Estimates were calculated by statistically adjusting for all covariates other than years after dementia diagnosis
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Appendix 6. Results of subgroup analysis stratified by Charlson comorbidity index score

Estimates (95% ClI)?

0-1 P-value 2 P-value 3 or over P-value
Patients with antipsychotic drug prescriptions
Baseline trend 1.006 (1.004 —1.007) <.001  1.009 (1.007 —1.011) <.001  1.008 (1.007 —1.009) <.001
Level change after pandemic 0.978 (0.968 -0.989) <.001 0.981(0.967-0.996) 0.011  0.983(0.971-0.995)  0.005
Trend change after pandemic  1.015(1.012-1.018) <.001  1.009 (1.005-1.012) <.001 1.003(1.000-1.006) 0.080
Follow-up outcome trend 1.021 (1.019-1.024) <001 1.018(1.015-1.021) <.001 1.011(1.008-1.013) <.001

2 Estimates were calculated by statistically adjusting for all covariates other than Charlson comorbidity index score

86



Korean Abstract (5 8.2F)

R julo] 8] 27+ %-19 §-3 o]

9%

A

v} o] B & o) & o] gl

4r

)

o
o}

-19(COVID-19) 3 2

=
o

2~ 71od

AAA o7 Az ulo] e 7]

N
No

&AL ot

Ea
==

e 7} A
1ol 8]

]

of n

R ERES

1o

_ﬂ]—g]

H o]

+ COVID-19 711 ¥

oA & AT

g3t

=
=

(NHIS)®] St DB

Aehg 2 604

20164 2 1955 2021 10 3174 %] uj]

ok A T e

;|

O

B

5+ 9,821,803 71

<

|=] [oJYe])
RS 9

o

A

11,358,180

= A 24 el o) el

s

i/ﬂ Sl

-
3t

87



23]

B

oR

A (interrupted time series with

i

b1 9

S

Walg 5740w £

segmented regression)©| =34 &| 1t}

370 mict
1.5%(p<.001), 3.2%(p<.001), 0.4%(p<.001)<] AFtH

kel
T

AT A3 COVID-19 3 o]

ARl 7 E

HST COVID-19 -3 A3} nvjush

4.1%,

1
1

370 L 7HE 1.6%(p<.001) St O L} 10-1270 € ol

2
@ 0|5 73} 7]

COVID-19 o] &

o
e

-
[}

7}

[e)
T

8.9% o}

-
T

19217149l

COVID-19 53}

= A=

o]
2R

El

of wi 37wttt 0.5%(p<.001)%

<
T

3} wlaste], ol

s

d

{21

, 1 370 mEE} 0.6%, 2.0%, 0.9%, 5.2%2 ©] A%

<
T

AE:COVID-19 53)-& x| 1] 3-x}¢]

ST = COVID-19 538 ]

CRERERY

glg

ol x5

Fof =

S

Ao o)
A 7ol

2

88



	I. Introduction
	1. Background
	2. Study Objectives

	II. Literature Review
	1. Dementia Status of South Korea
	2. COVID-19 Outbreak and Public Health Interventions (Implementation of Social Distancing) in South Korea throughout 2020 and 2021
	3. Dementia Management, BPSD and Antipsychotic drug Prescriptions during COVID-19 Pandemic
	4. Healthcare Utilizations among Patients with dementia during the COVID-19 Pandemic
	5. Theoretical Model for Changes in Dementia Management after COVID-19 Pandemic

	III. Material and Methods
	1. Data Source and Study Population
	2. Definition of Variables
	3. Statistical Methods
	4. Ethics Statement

	IV. Results
	1. Impact of COVID-19 Pandemic on Dementia Management: Antipsychotic drug Prescriptions and Adherence to Anti-dementia Medications
	2. Impact of COVID-19 Pandemic on Healthcare Utilizations of Patients with Dementia

	V. Discussion
	1. Discussion of the Study Method
	2. Discussion of the Results

	VII. Conclusion
	Abbreviations
	References
	Appendix
	Korean Abstract (국문 요약)


<startpage>15
I. Introduction 1
 1. Background 1
 2. Study Objectives 5
II. Literature Review 6
 1. Dementia Status of South Korea 6
 2. COVID-19 Outbreak and Public Health Interventions (Implementation of Social Distancing) in South Korea throughout 2020 and 2021 9
 3. Dementia Management, BPSD and Antipsychotic drug Prescriptions during COVID-19 Pandemic 13
 4. Healthcare Utilizations among Patients with dementia during the COVID-19 Pandemic 17
 5. Theoretical Model for Changes in Dementia Management after COVID-19 Pandemic 19
III. Material and Methods 21
 1. Data Source and Study Population 21
 2. Definition of Variables 24
 3. Statistical Methods 29
 4. Ethics Statement 33
IV. Results 34
 1. Impact of COVID-19 Pandemic on Dementia Management: Antipsychotic drug Prescriptions and Adherence to Anti-dementia Medications 34
 2. Impact of COVID-19 Pandemic on Healthcare Utilizations of Patients with Dementia 46
V. Discussion 54
 1. Discussion of the Study Method 54
 2. Discussion of the Results 59
VII. Conclusion 65
Abbreviations 66
References 68
Appendix 82
Korean Abstract (국문 요약) 87
</body>

