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Abstract

The Dementia Management Act (DMA) came into effect on August 4, 2011, in South Korea. Diagnosis and medication were
rapidly performed for dementia in a short time. We investigated the cardiac effects of increased drug prescription following
DMA. We observed a correlation between Alzheimer’s disease (AD) and anti-AD drug (AAD) groups from 2010 to 2019 on
the National Health Insurance System (NHIS) of South Korea. This study investigated the increase and decrease in deaths
of AD patients with AAD. We analysed the mortality per 100,000 population with the R?> Calculator. Moreover, we made
the up or down datum line for the simple decision on the listed, delisted, and sustainable drug examined by a linear equation
and R%. We observed that life expectancy was diminished by AAD in Sorokdo National Hospital. In the NHIS, donepezil
and rivastigmine increased the number of deaths decided on R?>0.75. Memantine was sustainable. We could not decide on
galantamine because it is one of the other groups. We made a straightforward decision-maker of delisted, listed, or sustain-
able criteria based on mortality and datum line.
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Introduction

National data about mortality in people with specific dis-
abilities provide a basis for public health interventions. Life
expectancy is data accumulated over decades. Linked mor-
tality data using medical records to identify people with spe-
cific disabilities such as leprosy and intellectual disabilities
could provide comprehensive, unbiased population-based
monitoring despite the circumstances of illnesses or death
(Butlin 2020; Glover et al. 2017). For example, it is known
that psychotropic medicines should not be administered to
dementia patients because they increase mortality (Hunder-
fund et al. 2006; Stone 2005; Du et al. 1998).

The purpose of the Dementia Management Act (DMA)
is to mitigate personal pain and damage from dementia. The
DMA came into effect on August 04, 2011, in South Korea,
and it was amended on June 12, 2018 (Management and
Act,Act No.15649(2018).2018; Lee 2019a). As a result,
medical personnel, psychiatrists, or neurologists of medical
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institutions and workers engaged in providing medical ser-
vices under the Medical Service Act became very active in
the dementia management programmes being executed by
the state and local governments. According to the DMA pol-
icy, Alzheimer’s disease (AD) patients and anti-Alzheimer’s
disease drug (AAD) prescriptions are increasing rapidly, so
it is necessary to analyse national medical data. AAD group
1 received dementia symptom treatments: donepezil hydro-
chloride, rivastigmine, galantamine, and NMDA receptor
antagonists. AAD group 2 included psychotropic medica-
tions such as haloperidol, risperidone, quetiapine, olanzap-
ine, aripiprazole, oxcarbazepine, fluvoxamine, escitalopram,
trazodone, sertraline, and fluoxetine.

South Korea’s electronic data interchange (EDI) medical
procedure code is well computerised for health insurance
claims data (Hwang et al. 2019). Therefore, general practi-
tioners in South Korea currently identify patients with AD
and taking AAD through EDI. This study investigated the
changes in deaths and the AADs used to treat AD in the
National Health Insurance System (NHIS) of South Korea.
With the increasing medicalisation of dementia, we have
announced that it can treat dementia or slow the disease’s
progression (Greenberg et al. 2000; Seltzer et al. 2004; Tar-
iot et al. 2004; Farlow and Cummings 2007; Raina et al.
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2008; Lu et al. 2009; Narasimhalu et al. 2010). As a result,
the prescriptions for AAD have increased dramatically, and
it has been claimed that medications can treat dementia or
slow disease progression.

Many toxins are cholinesterase inhibitors, and these tox-
ins can cause death if given at high enough dosages. Cho-
linesterase inhibitors (ChEIs: donepezil, rivastigmine, galan-
tamine) in patients with AD may affect heart rate, sometimes
inducing bradycardia. There is no known cumulative effect
on AD patients who have taken ChEIs or memantine consist-
ently for long periods. C. E et al. reported QT prolongation,
which is a measure of delayed ventricular repolarisation, and
torsade de pointes with ChEIs: donepezil, rivastigmine, and
galantamine in a sensitive whole-heart model of proarrhyth-
mia. They observed that donepezil and galantamine ampli-
fied the spatial dispersion of repolarisation in rabbit hearts,
but rivastigmine showed no increase in the spatial disper-
sion of repolarisation despite a pronounced prolongation
of repolarisation. Furthermore, donepezil and galantamine
provoked triggered activity, whereas rivastigmine did not
have proarrhythmic effects (Ellermann et al. 2020; Isik et al.
2020). Rivastigmine’s crucial safety concern is the risk of
treatment overdose by administering multiple patches simul-
taneously, potentially leading to fatal outcomes (Khoury
et al. 2018; Kazmierski et al. 2018; Eijk et al. 2010). The
promising theoretical mechanism of galantamine and done-
pezil seemed to be linked to nicotinic acetylcholine receptors
(nAChRs), particularly o7 nAChR, but different for rivastig-
mine (Arias et al. 2005; Hoskin et al. 2018). Despite their
promising effects complicated by adverse effects or minimal
improvement, we analysed mortality by analysing all data on
ChEIs or memantine based on NHIS big data.

Methods
Study design

The AAD First group is according to Korea Drug Code
Medicine First Group: For symptomatic relief of Alzhei-
mer’s disease (donepezil hydrochloride, rivastigmine, gal-
antamine, N-methyl-D-aspartate (NMDA) receptor antago-
nist). The AAD Second group is according to Korea Drug
Code Medicine Second Group: For psychologic symptoms
of Alzheimer’s disease (haloperidol, risperidone, quetiapine,
olanzapine, aripiprazole, oxcarbazepine, fluvoxamine, esci-
talopram, trazodone, sertraline, escitalopram, fluoxetine)
(Youn and Jeong 2018). The mean age of death of AD
patients was classified into the first or second group (Sup-
plement S1).

We searched all medical records when the Korean gov-
ernment computerised the International Classification of
Diseases (ICD)-10 code and Electronic Data Interchange
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(EDI) for the National Health Insurance System (NHIS).
With the ICD-10 codes, medical data on the correlation
between death and AAD were then analysed for age of
death in the Sorokdo National Hospital, which is dedicated
to Hansen’s disease (HD) patient care in South Korea.

Through the coordination of the Open Data Mediation
Committee, data on the number of deaths amongst peo-
ple taking AAD from 2010 to 2019 were available from
the NHIS. We analysed the NHIS data of AAD and the
deaths of all Koreans from 2010 to 2019. We used Object-
Relational DBMS and Google spreadsheet for R? analysis
and linear equation and SPSS. We calculated the linear
equation and R? (0.75) for the increase, decrease, and
indistinguishability.

Ethics

The Korea National Institute for Bioethics Policy (KoNIBP)
approved this study to manage life-sustaining treatment
properly (approval number P01-202,007-22-006). The
KoNIBP approved the observational study of patients ethi-
cally based on FDA guidelines following the World Medical
Association Declaration of Helsinki.

Population demography

HD patients have lived on Sorok Island for a lifetime.
According to the request for disclosure of health checkup
information from 2005 to 2020 on October 27, 2020, a total
of 1321 people (694 males, 627 females) resided there, and
the average age was 84.3 years (M 84.3, SD 17.1, 95% CI:
83.6-85.0).

National dementia demography consisted of inpatient,
outpatient, and drug prescriptions with dementia ICD codes
(FO0, FO1, FO2, FO3, G30, G31). Therefore, we analysed all
Koreans with related ICD codes.

Eligibility criteria

According to the Dementia Management Act, all Hansen
subjects on Sorok Island are registered and treated at
Sorokdo National Hospital. The Seoul cohort consisted of
AD patients and AAD users in all Hansen subjects (Khat-
tak et al. 2021). We searched all medical records of the
Sorokdo National Hospital and NHIS in South Korea with
ICD codes. The total number of persons with dementia eli-
gible for national health insurance and medical benefits in
South Korea from 2010 to 2019. In addition, we analysed
medical data on the correlation between AD and AAD and
death on the NHIS’s big data.
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Study setting
ICD code of Korean diseases and medicines

1. Mental and behavioural disorders, FOO-F09, G30

FOO code; Dementia in Alzheimer’s disease (G30.),
FO1 code; Vascular dementia, FO2 code Dementia in
other diseases classified elsewhere, FO3 code; Unspeci-
fied dementia, FO4 code; Organic amnesic syndrome,
not induced by alcohol and other psychoactive sub-
stances, FO5 code; Delirium, not induced by alcohol and
other psychoactive substances, FO6 code; Other mental
disorders due to brain damage and dysfunction and to
physical disease, FO7 code; Personality and behavioural
disorders due to brain disease, damage and dysfunction,
F09 code; Unspecified organic or symptomatic mental
disorder, G30 Alzheimer’s disease; (Supplement S2.
Table S1.)

2. For symptomatic relief of Alzheimer’s disease

First Group: For symptomatic relief of Alzheimer’s
disease

Donepezil hydrochloride; 148603ATB 148602ATD
148602ATB 148601ATD 148601ATB 643401ATD
643402ATD, rivastigmine; 224501 ACH 224503ACH
224504ACH 224505ACH 224506CPC 224507CPC
224508CPC, galantamine; 385203ACR 385203ATR
385204ACR 385204ATR 385205ACR 385205ATR,
N-methyl-D-aspartate (NMDA) receptor antagonist;
190031ALQ 190001ATB 190003ATD 190004ATB
190004ATD.

Second Group: For psychologic symptoms of Alzhei-
mer’s disease

Haloperidol; 167903ATB 167904ATB 167905ATB
167906 ATB 167908ATB 167908ATB 168030BIJ,
Risperidone; 224201 ATB 224201ATD 224202ATB
224202ATD 224203ATB 224204ATB 224205B1J
224206B1J, Quetiapine; 378601ATB 378602ATB
378603ATB 378604ATB 378605ATB 378605ATR
378606ATR 378607ATR 378608ATR 378608 ATR
378610ATB, Olanzapine; 204001 ATB 204001ATD
204002ATB 204002ATD 204004ATB 204005ATB,
Aripiprazole; 451501ATB 451501 ATD 451502ATB
451502ATD 451503ATB 451504ATB 451505ATB
451506B1J 451507B1J, Oxcarbazepine; 206330ASS
206301ATB 206302ATB 206303ATB, Fluvoxamine;
162501 ATB 162502ATB, Escitalopram; 474801 ATB
474802ATB 474803ATB 474804ATB, Trazodone;
242901 ACH 242901ATB 242902ATB 242903ATR,
Sertraline; 227001ATB 227002ATB 227003ATB,
Escitalopram; 474801 ATB 474802ATB 474803ATB
474804ATB, Fluoxetine; 161501ACH 161501ATB
161502ACH 161502ATB 161502ATD (Supplement S2.
Table S2., S3.)

3. The number of users and deaths coded by the Open Data
Mediation Committee

NHIS agreed to provide information following the Open
Data Mediation Committee. 1486: donepezil hydrochloride,
2245: Rivastigmine, 1900: N-methyl-D-aspartate (NMDA)
receptor antagonist, 2040: Olanzapine, 2242: Risperidone,
1615: Fluoxetine, 2270 Sertraline, 3786: Quetiapine, 4515
Aripiprazole, 4748 Escitalopram, 9999: The Others (Galan-
tamine, Haloperidol, Fluvoxamine, Trazodone) (Supplement
S2. Table S6.)

Results

Sorokdo National Hospital was established in May 1916 to
treat leprosy. We connected the medical record database of
the Sorokdo National Hospital and archived it from January
2005 to June 2019. With the ICD-10 codes, medical data on
the correlation between DDS and AD were then analysed.
In the group of patients diagnosed with Alzheimer’s disease,
the average age of deaths while taking only drugs for demen-
tia treatment (group 1) and the mean age of deaths while
taking psychiatric drugs (group 1 and group 2) from 2005
to 2020 on October 27, a total of 2186 people (1152 males,
1034 females) resided there. The average age was 83.7 years
(median (M) 84, interquartile range (IQR) 76.8-91.2, stand-
ard deviation (SD) 10.8, 95% confidence interval (CI): 0.45,
83.6-84.5). (Supplementary Tables S1-4) Compared with
South Koreans’ life expectancy, there was a gradual decline
in HD patients’ life expectancy with AD from 2005 to 2019
at Sorok Island. We observed that HD patients taking AAD
group 1 and group 2 had a shorter lifespan than those taking
AAD group 1 alone (Fig. 1).

In 2010, the number of elderly individuals over 65 was
5,348,182, and the number of people with dementia over 65
was 259,347 (4.8%). In 2019, the number of elderly individ-
uals over 65 was 7,718,616, and the number of people with
dementia over 65 years old was 864,805 (11.2%) who were
diagnosed at a medical institution and registered with the
Health Insurance Review and Assessment Service of South
Korea. From 2010 to June 2019, DMA increased the diag-
nosis of patients with MCI or AD by 3.26 times and AAD
prescription by 4.65 times in South Korea. The number of
prescriptions per patient increased by 42.6%, from 218.6 to
311.7. As of 2019, the mild dementia scale was supportive
1.2%, grade 5 13.8%, grade 4 38.0%, grade 3 29.9%, grade
2 12.0%, and grade 1 5.0% in 2019. Grade 4 and grade 3,
which required AAD medication for moderate dementia
symptoms, accounted for 67.9%. Long-term care insurance
in Korea provides services considering the functional status
of difficulty in mobility by grade. Recipients of grades 1
and 2 are provided with a visiting service. The relatively
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The life expectancy of Hansen's disease patients with Alzheimer's disease at Sorok Island.
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Fig.1 The expectancy of Hansen’s disease patients with Alzhei-
mer’s disease at Sorok Island. In group 1 of Hansen’s disease (HD)
patients with Alzheimer’s disease (AD) taking AChEIs or memantine
with psychotropic medicines, the mean ages of death are blue. The
mean ages of deaths without taking additional psychotropic drugs
of group 2 are red. The life expectancy trends of HD patients taking
other psychotropic medications (blue, group 1) were more decreased
in the Sorokdo National Hospital. The life expectancies of group 3

mild grades 3 and 4 are designed to focus on day and night
protection (4 times a week) considering the functional recov-
ery training programme and social enhancement. The basic
types such as dressing and washing face will be provided
for grade 5 (Fig. 2).

We requested and analysed the entire ICD 10 code
data (from 2010 to 2019) of AAD and deaths from the
NHIS with the Open Data Mediation Committee of South
Korea according to the Official Information Disclosure
Act in South Korea. NHIS provided the information on
deaths. However, galantamine, haloperidol, fluvoxamine,
and trazodone were grouped as others to protect the con-
fidentiality of pharmaceutical companies. The number of
users who took AAD in Korea increased by 2.16 times,
and the number of deaths increased by 2.51 times from
2010 to June 2019. The number of users who took done-
pezil increased by 3.48 times, and the number of deaths
increased by 3.88 times. The number of users who took
rivastigmine increased 1.84 times, and deaths increased
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(yellow, without AD, dapsone-prescribed) of HD patients or group 4
(green, without AD, dapsone-unprescribed) have been lower trends
than group 1 or 2 before the year 2018-2019 (the period of Dementia
National Responsibility System). Still, they all were above Korean’s
life expectancy: group 5 (see black) until 2017. The life expectancy
trends of HD patients taking anti-Alzheimer’s disease drug (AAD)
were decreased on Sorok Island (blue, red), and those taking AAD
with psychotropic medicines (blue) have been reduced more

by 2.36 times. The number of users who took memantine
increased 2.50 times, and deaths increased by 2.29 times.
The number of users who took risperidone increased 1.26
times, and deaths increased by 1.35 times. The number
of users who took galantamine, haloperidol, fluvoxzmine,
and trazodone (others) increased 1.55 times, and the num-
ber of deaths increased by 1.60 times from 2010 to June
2019 (Table 1). We adjusted for deaths per 100,000 popu-
lation for comparison (Table 2).

The expanded use of donepezil increased the death toll,
and rivastigmine increases the death toll more steeply from
the year 2012 to the year 2018, which period was from
the entry into force of the Dementia Management Act
(2012) until the implementation of the National Dementia
Responsibility System (2018). We reconfirmed that while
the rivastigmine patch is easier to use than donepezil, it
increases the risk of death. Memantine did not show a con-
siderable increase in deaths compared with the expanded
users (Fig. 3) (Supplement S2).
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Fig.2 Demography of Korean dementia patients from 2010 to
2019. A™ From 2010 to 2019, the number of people with dementia
has tripled over the past 10 years, faster than the growth rate of the
population aged 65 years or older. In 2019, the estimated number of
dementia patients aged 65 and over was approximately 790,000. B*
Women (62.9%) were higher than men. C" From 2010 to June 2019,
DMA increased the diagnosis of patients with mild cognitive impair-
ment (MCI) or Alzheimer’s disease (AD) by 3.26 times and AAD
prescription by 4.65 times in South Korea. As a result, the number

Analysing mortality data for decision

DMA was enforced on February 05, 2012, and it was the
partial amendment on June 12, 2018 (Management and
Act,Act No.15649(2018). 2018). Therefore, we conducted
an analysis of AAD and death for the period 2012-2018.
We calculated the linear equation and R*. Donepezil, riv-
astigmine, risperidone, quetiapine, and others increased the
number of deaths decided on R*>0.75. Fluoxetine and esci-
talopam decreased the number of deaths based on R?>0.75.
Memantine, olanzapine, sertaline, and aripiprazone were
indistinguishable (Fig. 4) (Supplement S3).

The NHIS and health care providers should not harm
health care consumers (Lee et al. 2012). Therefore, we made
the following decision: delisted (donepezil, rivastigmine, ris-
peridone, quetiapine, and others), listed (fluoxetine and esci-
talopam), and sustainable (memantine, olanzapine, sertaline,
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of prescriptions per patient increased by 42.6%, from 218.6 to 311.7.
D" As of 2019, the mild dementia scale was supportive 1.2%, grade
5 13.8%, grade 4 38.0%, grade 3 29.9%, grade 2 12.0%, and grade
1 5.0% in 2019. (*This is the number of dementia patients reported
to the Central Dementia Center of South Korea by the public health
centre, which managed entire local residents. **This is the data diag-
nosed and prescribed at a medical institution and registered with the
Health Insurance Review and Assessment Service of South Korea.)

and aripiprazone). ‘Delisted’ means that the NHIS will no
longer reimburse available symptomatic drugs against Alz-
heimer’s disease. ‘Sustainable’ means NHIS will observe
whether to reimburse available symptomatic drugs against
Alzheimer’s disease (Krolak-Salmon et al. 2018). ‘Listed’
means the NHIS will reimburse available symptomatic drugs
against Alzheimer’s disease (Table 3).

Discussion

The initial study on the longevity of dementia patients
was conducted from 2005 to 2020 based on the medical
records of Sorokdo National Hospital. Sister Marianne
Stoeger and Sister Margaritha Pissarek served with excep-
tional compassion for their patients from February 1962 to
November 21, 2005. However, the average life expectancy

@ Springer



535-546

Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395

540

7'0C6S 0'9¢0¢ §'6201 7'6LS6 7' Sovl 0'8L6Y 8018 9'6LTS £'8¢6°C1 796C°C1 £¢0Sv1 L'L609 610C
L'S979 2°060C L'€801 002s01 0'8¢S1 TLE6Y 0'1L8 0'6ves 1°€9¢91 0'SicI IS8V 9°ST¥9 810¢C
SIS€9 0'991¢C 1'8801 8'90%°01 19091 £'ecor SLLS 7ries TLEE9T TI88TI 7'6ce 1 8'6579 L10T
0'8129 0'6S1T G'8¢ll 0'LE66 7'ee91 Tre0s 1796 8°¢0¢CS 0'88%°G1 6'9¢I‘T1 1191 0829 910¢C
81579 €'LTTT £'16Cl 0'T¥96 €91 L'vELY £0¢01 6'6CIS $'GECCT 6'¢8811 0°LPS €l 8°¢819 S10T
7'686¢S 9°'LSTT Levll 0'v¥6 TOSLT 9°¢91¢ 6'0v01 6'7L8Y 091TS1 6’6176 L'010°¢1 ¥7'€68¢S 10T
6’1109 1°2C¢eT '8SC1 T'95C6 S1¥91 (434 7'9201 6'0c61 $'8L991 1'€086 T'T00°cl T1¥8S €10C
7'GC8S LYTET L'6vCl 9'81L8 £9191 v'eeor 1'0S01 9'086% TY8TLT 7'7€86 7'850°¢1 8°¢19¢ 10t
0'9CLS 1°L6TT SLeel T6I8L TLILT oy 917701 8°¢T8Y Tres91 17898 9'C7e8Cl TLSES 110C
1'TrLS 8'1¥CC 6'11¢T T'86SL L'SL8T SyLEY S8yll Tey 6'06¢°L1 7'5996 0'886C1 7'8%CS 010¢
NEliile) weidoreiosyg orozeididiry surdeneang) quIeIeg surdezuej sunexonyy suopriadsry QUIIUBWIAIA suruSnseAny [1zadsuo(q avyv IBOX
uonendod 0p0‘00T 1od syreaq
SouIdIpaW BRUAWIP STHN Jo uonenored oy uonendod gpo‘00] 1od serer ypeaq g djqel
G8S'LY  OSL'€08  TLY'TI  6LS'TI9 11T 19L%1C  L9L'IS  L6SOVS  SO0T 099°THT  6S€'v  S9SL8  SOV'T ¥8TELT  +bOTI  €CI'STC +ILTI  OLL'6L  OS'T +96'%T  O€8'Sh €89°0EE  TETL6I  9ESHETE 60T
TL6'SE  TIL'EEL  08Y'T1  SET6FS S68°1 198°VLI  LSTOF tOL'6Er  TSE'T OIL'6CL  THO'P 89818 69€T OLI'LST  6LI'IL  +66'80T L6STI  €L8°0L  6€8'1 LLL'YL  L8F'Ly ISL'6IE  660°'S8T  $S9°088°C  810T
TOL'EY  OLF'689  S9E0T  ISL'SLY SV SLOEET  ¥86'6E  60TP8E €681 OLE'SIT  00L'€ €SI'SL  89TT 96v'bbl  TT80I  SE9'€0T S8ILOI  §09'S9  9ILT €hb'vl  L8I'TH  €OTH6T  €S8°L9T  9I¥'865T  LIOT
€00'TY  8TH'6S9 8676  SOVIEF  POI'T IPTTOI  TLETE TISTIEE  ¥8Y'T 660°COT  89E'E TO6'99  6CET OVS'LET  96€01  9LL'661 080'6  979'8S 89T €OI'ST  SLEOE I+TL9T ISE'SPT  SES'ELET  910T
T69'6E  688Y€9  9TL'S  TLL'TGE 980°T TOI'Y8  CTL6'LT SOT'06C  TCS'T 9L9°'T6 9¢0'€  €TI'P9  €LET TOTEET  TSO'0I  IS6'S6T PEI'S  8SE'TS  LPS'T THS'ST  +80°TE  PES9ET  +TSSET  PIPTI6IT  SI0T
PEI'OE  869°€09  SII'8  T8S'6SE 89L TSI'L9  0TSHT S€9'6ST  S9ST ¥II'68 9LT'E  PPP'EY  S6ET  CI0PET 1L6  SLI'061 89S0  S9I'th  16T1 SOL'El  9€9°9T ¥TL'WOT THS'6Il  0I¥'820T  ¥I0T
PSO'PE  1TH'9LS  S8S'L  SP9'9TE 0LS L6T'St  LII'IT OPI'STC  LT¥'l 1£6'98 TIE P8I6S  6EFT  p610PI $SE6  TOL'68L €OP'9  16E8E  OLI'T SE6I1  Iv6TT OWP'9LL  TLL'60L  0ST6L8'T  €10T
OVT'EE  VOL'OLS  090°L  869°€0E 99y 06CT'LE  PSO'LT  98Y'TOT  LLE'T €6I'S8 189°C  ¥PEPS  TES'T  $S9'0SI 6156 ITI'I6l 61¥'9  8EI'LE  €OI'T 8ITTI #0961  8TI0SI 1001  PLE'E6L'T  TIOT
88L'0E  ¥89'LES  6V6'S  186'8ST T8C 195'8T  99¥'ET  8ITTLI  6IET 608°9L 100T  LLI'SP  08S'T TST'IST 9L68  LLOOST SP6'S  SIE'SE 0S8 88L'6  L6L'ST T0I'ETl  €50°L8 £96'7T9'T  110C
S6L'6T 068'8TS  €60°S  981°LTT 0S€ SSI'ST #5901 8ITOVI T ¥or1L ¥SO'T  OIS'LE  TOST 668951 S68  8TLISI 6SS'S  S96°TE 08L 0L0'S  SLSTI 07896  STS'SL SET96V'T  010C
yeaq 180 yeaq s8N yedq 180 yreaq RSN e s8N Pedq Rsn yeg 1980 yeaq s peaq RSN yreaq 180 peaq 198) peaq 180
SIOYI0 Y, wrexdofeirosyg djozeadidiry aurdenang) I AIREIN aurdezue|Q aunaxon[ ouopLIadsry QUOURWAA urunseAry n1zadauoq avy  Iesx

1103 SYILap puE SIASN :SSUIDIPIW BHUSWP STHN | d]gelL

pringer

Qs



Naunyn-Schmiedeberg's Archives of Pharmacology (2022) 395:535-546

541

Fig.3 The expanded users of
donepezil (D), rivastigmine .
(R), memantine (M), and death N
tolls. The donepezil trend line
is black. Deaths per 100,000
people increase in the cubic
polynomial equation (R? =
0.929). The rivastigmine trend
line is red. The death toll graph
for rivastigmine increases
rapidly from the year 2012

to the year 2018 in the cubic
polynomial equation (R? =
0.855). The memantine trend
line is green. Memantine death
tolls increase or decrease in the
6th-degree polynomial equation
(R*=0.941)
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The expanded users of Donepezil (D), Rivastigmine (R), Memantine (M), and death tolls.
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of Hansen’s disease (HD) patients began to decline over-
all in the four groups in 2005. The life expectancy of HD
patients was estimated to be longer than that of Koreans.
Hypotheses were proposed because HD patients had been
taking dapsone (Cho et al. June 2014; Cho et al. 2010, 2011;
Park 2017; Choi et al. 2019). Even more embarrassing, the
expectancy of taking AAD was higher than that of the group
not taking AAD, and all four groups tended to decrease.
The groups on Sorok Island show that death tolls are more
critical when studying AAD. Dapsone has been proven to
protect HD patients as an inflammasome competitor from
diverse inflammasome-induced diseases (Lee et al. 2020a).
This study studied only the number of deaths. The reason
is that the number of deaths is the most apparent and essen-
tial data that can measure the effect of treatment. S. B et al.
reported that donepezil initiation was associated with better
survival benefits than memantine and oral and transdermal
forms of rivastigmine from AD medication groups in a US
national sample of Medicare beneficiaries (Bhattacharjee
et al. 2019). Rivastigmine is dangerous to AD patient sur-
vival, according to the results of our study. The AD2000
Collaborative Group’s research reported in 2004 that done-
pezil is not cost-effective, with benefits below minimally rel-
evant thresholds. There were no significant results between
donepezil and placebo in adverse events or deaths, formal
care costs, unpaid caregiver time, carer psychopathology, or
behavioural and psychological symptoms. There was also no
significant difference between 5 and 10 mg donepezil. More
effective treatments than cholinesterase inhibitors are needed

to treat AD (Courtney et al. 2004). ChEIs and memantine
did not reduce the progression rate of Alzheimer’s disease
(Petersen et al. 2005; Feldman et al. 2007; Raschetti et al.
2007; Dysken et al. 2014; Winblad et al. 2008). AD patients
who received ChEIs and memantine took them for longer,
were more functionally impaired, and showed more signifi-
cant cognitive decline than those who only received ChEIs
(Schneider et al. 2011). When assessing the hazard of death
in persons with or without amnestic mild cognitive impair-
ment (MCI), MCI is associated with increased mortality
(Hunderfund et al. 2006). The French Minister of Health
published a decree on May 29, 2018, removing the drugs
(donepezil, rivastigmine, galantamine, and memantine) used
to fight against symptoms due to Alzheimer’s disease from
the list of available reimbursed drugs (Krolak-Salmon et al.
2018). However, in our study, donepezil and rivastigmine
were delisted while memantine was sustainable.

Korean government’s legislative process
and AAD medication

The Korean government has established national policies for
dementia care, and compulsory long-term care insurance for
the elderly was introduced (Chon 2014). The ‘War against
Dementia’ and the First National Dementia Plan were
announced in 2008 (Lee 2019a). It facilitates the socialisa-
tion of long-term care services at a national level. The DMA
was legislated in August 2011. The government announced
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Fig.4 Linear equations and regression analysis from 2012 to 2018.
The Dementia Management Act was enforced on February 05, 2012,
and it was a partial amendment on June 12, 2018. We calculated the
linear equation and R%. Donepezil, rivastigmine, risperidone, quetia-
pine, and others increased the number of deaths decided on R%>0.75.
Fluoxetine and escitalopam decreased the number of deaths based on

2019 vaar

00

R2>0.75. Memantine was indistinguishable. ‘Delisted’, ‘Listed’, and

Table 3 The simulation of
decision according to the results
of R? and formula
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‘Sustainable’ are the simulation results of this study. ‘Delisted’ deci-
sion means the NHIS will no longer reimburse available symptomatic
drugs against Alzheimer’s disease. ‘Sustainable’ means NHIS will
observe whether to reimburse available symptomatic drugs against
Alzheimer’s disease. ‘Listed” means the NHIS will reimburse avail-
able symptomatic drugs against Alzheimer’s disease

Code  Drug Period Formula R? Decision Equation type
AAD all 2012-2018 144%*x 45376 0.949  Delisted Linear equation
1486 Donepezil 2012-2018  309*x+ 12,086 0.861 Delisted” Linear equation
2245 Rivastigmine ~ 2012-2018  490*x+ 8466 0.754  Delisted Linear equation
1900 Memantine 2012-2018 —113*x+16,696  0.108 Sustainable”  Linear equation
2242 Risperidone 2012-2018  78.6%¥x+4719 0.816  Delisted Linear equation
1802 Fluoxetine 2012-2018 —32.6¥x+1143 0.826  Listed” Linear equation
2040 Olanzapine 2012-2018 —28.1*x+5138 0.124  Sustainable Linear equation
2270 Sertaline 2012-2018 —-16.4*x+1714 0.274  Sustainable Linear equation
3786 Quetiapine 2012-2018  293*x+8240 0977  Delisted Linear equation
4515 Aripiprazone 2012-2018 —30.1*x+4 1330 0.576 Sustainable Linear equation
4748 Escitalopam 2012-2018 —40%*x+2420 0.955  Listed Linear equation
9999 The others 2012-2018  79.7*x+5731 0.818  Delisted Linear equation

* ‘Delisted’ means the NHIS will no more reimburse available symptomatic drugs against Alzheimer’s dis-
ease. = ‘Sustainable’ means NHIS will observe whether to reimburse available symptomatic drugs against
Alzheimer’s disease. * ‘Listed’ means the NHIS will reimburse available symptomatic drugs against Alz-
heimer’s disease
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the DMA as a reform plan, emphasising changes such as
increasing coverage and improving the quality of services
(Chon 2014). The DMA intended to lighten children’s bur-
den and help enhance national health by establishing and
implementing comprehensive policies on preventing demen-
tia, supporting dementia patients, and researching a cure for
dementia. However, the DMA reinforced the socialisation of
elder care, and the enduring fear of dependency in old age
forced Koreans to actively cooperate in diagnostic tests and
treatments for dementia (Lee 2019b).

As a result of the election in May 2017, the new presi-
dent announced the National Duty for Dementia. The DMA
was strengthened on June 12, 2018. The Korean government
successively installed Community Dementia Reassurance
Centers at all Community Health Centers to establish a com-
munity-based dementia management system according to the
National Duty for Dementia. Psychiatrists or neurologists
of medical institutions engaged in medical diagnosis and
treatment under the Medical Service Act (Youn and Jeong
2018). They strengthened the dementia management pro-
grammes that administer AAD to MCI or AD patients as a
preventive and treatment (Lee et al. 2009; Ahn et al. 2015).
They insisted that the 1-year persistence rate of ChEIs for
AD patients should be specially monitored to optimise treat-
ment persistence because patients are less likely to remain
on therapy than those in other countries (Ahn et al. 2015).
However, the researchers already published the results of no
improvement in 2005-2009 (Feldman et al. 2007; Winblad
et al. 2008).

Nonetheless, the medical staff published ChEIs and
Memantine as significant, modest therapeutic improvements
in 2009 (Lee et al. 2009; Kang et al. 2012). By Article 12
(1) of the DMA, the government and local governments
provided support for the treatment and diagnosis of demen-
tia in consideration of the economic burden of dementia
patients. The NHIS reimbursed the cost of AAD, and the
drugs became almost free. From 2010 to June 2019, policy-
makers and medical staff increased patients to take AAD by
2.16 times and die by 2.51 times in South Korea and perhaps
worldwide.

The neurological side effects of ChEls for AD
patients

The percentage of new users was 2.5% across hospitalisa-
tions for AD medication (Modllers et al. 2020). Neuropsy-
chiatric symptoms and adverse drug reactions were asso-
ciated with a significantly increased prevalence of further
psychotropic medication use (Stingl et al. 2020). Hospital
stays due to dementia and the need for care were predic-
tors for the new use of psychotropic medication (Jordan
et al. 2019). All studies from many countries have already

confirmed that antipsychotic drugs should not be adminis-
tered to dementia patients because of the risk of seizures and
all-cause mortality (Stone 2005; Du et al. 1998).J. N and T.
D reported the feasibility of arrhythmia monitoring using an
implantable loop recorder and the incidence of arrhythmia
in a population of psychiatric outpatients receiving psycho-
tropic medication (Nordgaard and Melchior 2021). Patients
with mental disorders have an increased risk of premature
death compared with the background population. Many of
these drugs affect the heart’s conduction system and lead
to life-threatening ventricular arrhythmias (Nordgaard and
Melchior 2021).

The neurological side effects of ChEIs are similar to the
neurological symptoms of AD patients. Only specialists can
distinguish the side effects caused by donepezil or dementia
symptoms, such as dizziness, delusions, dream abnormali-
ties, ataxia, convulsive seizures, hemiplegia, hypertonia, and
salivation (Mendez et al. 2007; Lee et al. 2020b; Lee et al.
2021).J. L reported that clinicians should record donepezil
as a biomarker (D) according to the Alzheimer’s continuum
(A+T+[N]+ (D)) and plotted the radial chart to prove its
usefulness for monitoring (D)’s side effects after neurosur-
geon’s prescribing acetylcholine precursor according to the
National Institute on Aging (NIA) at the National Institutes
of Health and the Alzheimer’s Association (NIA-AA)’s
revised guidelines for modernisation of the diagnosis of Alz-
heimer’s disease (Lee et al. 2021). While monitoring the AD
patient’s condition, acetylcholine precursor was prescribed
in the hospital’s intensive care unit to the patient who had a
stroke. However, medical staff were unaware of the acetyl-
choline precursor’s side effects caused by the neurological
symptoms (Lee et al. 2021).

Many toxins are cholinesterase inhibitors

There was no known cumulative effect on AD patients
who had taken ChEIs or memantine consistently for long
periods before this study. Acetylcholine performs vari-
ous physiologic functions through cholinergic muscarinic
receptors: five different muscarinic receptors, M1, M2,
M3, M4, and M5. The muscarinic receptor M2 is present
in smooth muscle and cardiac tissue (Birdsall et al. 1988;
Lebois et al. 2018). Many toxins are cholinesterase inhibi-
tors, and they cause death if given at high dosages. Botuli-
num toxin blocks the release of acetylcholine hormone from
the presynaptic terminal by preventing acetylcholine release
(Huang et al. 2000). Black widow spider venom is thought
to be associated with a wide release of neurotransmitters,
especially norepinephrine and acetylcholine, due to spider
envenomation. It causes the cells to release acetylcholine,
which stimulates excessive muscle contractions. Paralysis
occurs if widow venom exhausts all acetylcholine supplies
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as the opposite effect of botulinum toxin (Tzeng et al. 1978;
Yan and Wang 2015).

Limitations of our study

We are fully aware of the limitations of our study. We
studied just one country within one dementia field and
a limited time. Future studies should aim to analyse
other countries and more extended periods. From a
broader perspective, other biomedical research areas
and clinical specialities should, of course, also be
analysed.

Conclusion

We suggested a straightforward decision-maker of delisted
or listed or sustainable criteria based on mortality and datum
line.

The more data, the better

Despite this work’s inherent limitations and problems, we
hope this study provides a suitable template for an objective
analysis of dementia patients’ care in biomedical science. As
always in science, the more data we have, the better conclu-
sions we can draw and act accordingly.
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