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Abstract 

Background Potentially inappropriate medications (PIMs) are prevalent in older adults with dementia and sub‑
sequent falls or fall‑related injuries. The present study determined the risk of falls or fall‑related injuries associated 
with PIM use in older adults with dementia.

Methods The National Health Insurance Service‑Elderly Cohort Database 2.0 (NHIS‑ECDB 2.0) was used for this self‑
controlled case series (SCCS) study. This study included 1430 participants who went through exposure and non‑expo‑
sure periods of PIM application among patients with dementia and experienced outcome events of falls or fall‑related 
injuries between January 2016 and December 2019. The incidence of falls or fall‑related injuries during the expo‑
sure and post‑exposure periods was compared with that during the non‑exposure period. Beers Criteria were used 
to define PIMs in patients with dementia. Negative binomial regression was conducted. The incidence rate ratio (IRR) 
was used to determine the risk of falls or fall‑related injuries.

Results During the exposure periods in which falls or fall‑related injuries occurred, the mean number of PIMs 
among patients with dementia was 3.76 (SD = 2.99), and the most commonly used PIMs among patients with demen‑
tia were first‑generation antihistamines (n = 283; 59.1%). Compared to the non‑exposure period, the adjusted 
IRR during the exposure period was 1.57 (95% CI = 1.39–1.76). The risk of falls or fall‑related injuries was increased 
when PIM use in patients with dementia was initiated (1–14 days: IRR = 2.76, 95% CI = 2.31–3.28; 15–28 days: IRR = 1.95, 
95% CI = 1.48–2.56; ≥ 29 days: IRR = 1.17, 95% CI = 1.01–1.35). Especially, an increased risk of falls or fall‑related injuries 
was associated with greater PIM use among patients with dementia.

Conclusion Among older adults with dementia, PIMs significantly increase the risk of falls and fall‑related injuries. 
Therefore, strategies should be developed to manage PIM prescriptions in patients with dementia to prevent falls.
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Background
Globally, the burden of dementia increases with its inci-
dence. According to the fact sheet on dementia pub-
lished by the World Health Organization (WHO), over 
55 million people worldwide will suffer from dementia 
by 2023, with 10 million new patients diagnosed annu-
ally [1]. Dementia is a geriatric syndrome characterized 
by cognitive, behavioral, and psychological symptoms 
[2], and it leads to disability and dependency among 
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older adults, thus reducing their quality of life. Addition-
ally, it ranks seventh among the causes of mortality [1]. 
In 2019, the estimated annual global cost of dementia 
amounted to 1.3 trillion USD. Approximately 50% of this 
cost was attributed to informal care provided by family 
and friends [1]. Consequently, the demand for dementia 
care has increased worldwide.

Older adults with dementia have multiple medical 
conditions [3] and often consume multiple medica-
tions along with anti-dementia drugs [4, 5]. As demen-
tia mostly occurs among older adults, they experience 
age-related changes in their pharmacokinetic and phar-
macological properties [6, 7]. Furthermore, cognitive 
impairment makes it challenging for them to manage 
their medications appropriately [8]. Therefore, medica-
tion management in patients with dementia requires cau-
tion. Potentially inappropriate medications (PIMs) are 
medications whose potential risks outweigh the thera-
peutic benefits in older adults, and it is recommended to 
switch to a different medication or discontinue their use 
[9, 10]. Some countries, like some European countries, 
the United States, and Canada, have developed explicit 
tools, such as the Beers Criteria, the Screening Tool of 
Older Persons’ Potentially Inappropriate Prescriptions 
(STOPP), Screening Tool to Alert to Right Treatment 
(START), and PRISCUS, to identify PIM use among older 
adults [11]. In addition, these tools specify the PIMs for 
each condition. For example, the 2003 Beers criteria 
define anticholinergics, antipsychotics, benzodiazepines, 
and Z-drugs as PIMs for older adults with cognitive 
impairment [12]. These medications can increase the risk 
of adverse events associated with the central nervous sys-
tem, such as cognitive impairment, which can result in an 
extended risk of falls in people with dementia [13–17]. 
Among older adults with dementia in the United States, 
PIM use has been associated with an increased risk of 
falls or fall-related injuries [18]. Among older adults with 
dementia living in nursing facilities, an increased risk of 
falls has been reported with antipsychotics use, concomi-
tance, and escalation [19, 20]. In a study of hospitalized 
patients, the risk of falls increased with the concomitant 
use of five or more psychotropic medications [21]. Falls 
and fall-related injuries are critical healthcare problems 
because they are major causes of mortality, disability, 
morbidity, and hospitalization among older adults [22, 
23]. Interventions can help prevent this problem, and 
many countries are working to prevent it.

Older adults with dementia are especially prone to fall-
ing than those without cognitive impairment, and they 
require greater attention considering fall prevention [17, 
24, 25]. Although PIMs are associated with cognitive 
impairment and cause falls in older adults with demen-
tia, they are still frequently used. The Beers Criteria 

identified the prevalence of PIM use among institutional-
ized and community-dwelling older adults with dementia 
as 34.1% in Sweden [26], 56% in Australia [27], 66.7% in 
Brazil [28], and 39.4% in China [29]. Among community-
dwelling older adults with dementia, PIM use was 32.7% 
and 21.4% in the United States [30] and Australia [31], 
respectively.

It is crucial to gather evidence on the risks associated 
with PIM use among older adults with dementia to pre-
vent associated falls and fall-related injuries. This study 
aimed to determine the risk of adverse events associ-
ated with PIM use among older adults with dementia by 
employing representative data and a self-controlled case 
series (SCCS) study design to reduce bias due to differ-
ences between study participants. The study also aimed 
to examine the relationship between the risk of adverse 
events and the duration and number of PIMs used in 
older adults with dementia, and to provide evidence for 
managing their medications.

Methods
Data sources
Data from the Version 2.0 of the National Health Insur-
ance Service-Elderly Cohort database (2002–2019) 
(NHIS-ECDB 2.0) were used in this study. This is a sam-
ple research database that provides health insurance 
claims information for individuals older than 60 years in 
the Republic of Korea. It comprises approximately 1 mil-
lion participants, representing 8% of the approximately 
6.4 million older adults selected by stratified random 
sampling using sex, age, insurance fee, and region. The 
database contains demographic variables, including dis-
ability and death, medical use, and long-term care ser-
vices for older adults. This study was approved by the 
Institutional Review Board of Gachon University (IBN 
No. 1044396–202111-HR-236–01).

Study design and Outcomes
Study design
The SCCS design was used to assess the risk of falls or 
fall-related injuries associated with the use of PIMs in 
older adults with dementia. This study compared the 
incidence of outcome events during the exposure and 
post-exposure periods to that during the non-exposure 
period as a baseline in the same individual. Therefore, 
this study only included individuals with non-exposure 
and exposure periods to PIMs among patients with 
dementia and outcome events of falls or fall-related inju-
ries between January 2016 and December 2019.

Study participants (Fig. 1)
The inclusion criteria were 1) individuals 
aged ≥ 65  years with dementia who experienced 
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outcomes events and had at least one prescription of 
PIM during the study period (Jan 2016-Dec 2019), 2) 
no PIM among patients with dementia prescriptions 
6 months before the study period (Jul 2015-Dec 2015), 
and 3) no history of cancer during the study period. 
Older adults with dementia were defined as those with 
at least one prescription for indications of demen-
tia a month before the study period (Dec 2015). The 
antidementia medications included Donepezil, Riv-
astigmine, Galantamine, Tacrine, and Memantine. A 
washout period of 6 months was established before the 
cohort enrollment to eliminate carryover effects from 
previous PIM use among patients with dementia [32]. 
Considering the complex disease characteristics and 
treatment regimens, older adults with history of can-
cer were excluded from this study.

Outcome events, exposure, and non‑exposure periods
Outcome events included falls and fall-related injuries. 
Falls and fall-related injuries were identified using the 
International Classification of Diseases, 10th Revision 
(ICD-10) (Falls: W00-S19; Fractures as fall-related inju-
ries: S02, S12, S22, S32, S42, S52, S62, S72, S82, S92, and 
T02). The use of the same diagnostic code for a claim that 

occurred 6  months ago was not considered a different 
event.

The 2023 Beers Criteria were used to identify PIMs 
among patients with dementia. The Beers Criteria iden-
tify PIMs that should be avoided in older adults with 
dementia and consist of drugs with strong anticholiner-
gics, antipsychotics, benzodiazepines, and Z-drugs (Sup-
plementary Table 1).

As shown in Fig. 2, the overall observation period com-
prised exposure, post-exposure, and non-exposure peri-
ods. The exposure period was segmented into 1–14 days, 
15–28  days, and ≥ 29  days considering the duration of 
PIM prescription among patients with dementia after 
the initiation of the study. As the effects of PIMs among 
patients with dementia might persist for some time after 
the medication is discontinued, a post-exposure period 
of 14 days was included after the end of PIM use among 
patients with dementia. To eliminate carryover effects, 
the duration of the post-exposure period was defined 
by considering the half-life of PIMs in patients with 
dementia [32–34]. The follow-up period continued until 
December 2019; however, patients who died before the 
completion of the study were monitored until the date of 
death.

Fig. 1 Flowchart of the study participants’ selection
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Statistical analysis and covariates definition
Participants’ baseline characteristics were represented 
using descriptive statistics, including frequencies and 
percentages for discrete variables and means and stand-
ard deviations (SDs) for continuous variables. The risk 
of falls or fall-related injuries was estimated using nega-
tive binomial regression, and crude incidence rate ratios 
(IRRs) and 95% confidence intervals (95% CIs) were pre-
sented. Poisson regression is commonly used to model 
count data; however, the risk was not equi-dispersed. 
Therefore, negative binomial regression was used as an 
appropriate model for overdispersion. IRRs were cal-
culated by dividing the number of events by the sum of 
person–years multiplied by each period, and 95% CIs 
were calculated using a negative binomial distribution. 
Crude IRRs were adjusted for sex, age, living setting, 
insurance type, disability, Charlson comorbidity index 
(CCI) score, comorbidities, history of previous falls, 
and number of comedications, and were presented as 
adjusted IRRs. According to the Act on Welfare of Per-
sons with Disabilities, a participant with a disability was 
defined as a person whose daily life or social activity is 
substantially hampered by physical or mental disabilities 
over a long period of time and who is registered with the 
Korea Social Security Information Service [35]. A history 
of falls was defined as falls or fall-related injuries that 
occurred from 1 year prior to baseline up to each period. 
Comorbidity information was identified based on a pre-
vious 1 year history of ICD-10 (Supplementary Table 2) 
or two or more prescriptions specific to hyperlipidemia. 
The number of co-medications was calculated, excluding 
PIMs, among patients with dementia during a previous 
1 month history.

Subgroup analysis was conducted based on the num-
ber of PIMs administered to patients with dementia dur-
ing each period. The risk of falls or fall-related injuries 
were estimated by comparing the incidence rates of the 

outcome between 1, 2, or ≥ 3 PIMs among patients with 
dementia during the exposure and non-exposure periods 
within the same individuals using a negative binomial 
regression. The model was adjusted for sex, age, living 
setting, insurance type, disability, CCI score, comorbidi-
ties, and history of falls.

A key assumption in SCCS studies is that the occur-
rence and recurrence of outcome events are independ-
ent of previous exposure and outcome events [36]. Falls 
or fall-related injuries may increase mortality and affect 
the recurrence of adverse events [37, 38]. Therefore, two 
sensitivity analyses were performed to assess the robust-
ness of the study results: 1) one analysis was restricted to 
the first fall or fall-related injury during the study period 
to check the assumption of event independence, and 2) 
the main analysis was repeated after excluding individu-
als who died during the study period to account for pos-
sible biases from observation censoring.

All analyses were performed using SAS version 9.4. 
Statistical significance was determined with a two-sided 
95% CI and a p-value < 0.05.

Results
Baseline characteristics (Table 1)
This study included 1430 participants. The mean age 
was 80.13  years (SD = 5.41), and 84.1% (n = 1,202) were 
female. Community-dwelling participants were 87.5% 
(n = 1,251). About 88.5% (n = 1,265) of the participants 
had National Health Insurance (NHI). Approximately, 
345 patients (24.1%) died during the study period. People 
with disabilities accounted for 26.8% of the total popula-
tion (n = 383). Participants with CCI scores ≥ 1 accounted 
for 61.2% (n = 875). Among the comorbidities, hyperten-
sion was the most prevalent (n = 769; 53.8%), followed 
by hyperlipidemia (n = 503; 35.2%) and cerebrovascular 
disease (n = 491; 34.3%). Participants with a history of 
falls accounted for 10.4% (n = 149). The mean number of 

Fig. 2 Overall illustration of the self‑controlled case series study design
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comedications was 5.53 (SD = 4.40). The mean duration 
was 1325 days (3.63 years) (SD = 287) for the total obser-
vation period, and 256 days (SD = 345) for the exposure 

period. The mean number of falls or fall-related injuries 
during the total observation period was 1.46 (SD = 0.93).

Prevalence of PIM use among patients with dementia 
during the exposure periods (Table 2)
The study participants experienced 6608 exposure peri-
ods. Falls or fall-related injuries occurred during 479 
(7.2%) exposure periods. During all exposure periods, 
the mean number of PIMs among patients with demen-
tia was 1.77 (SD = 1.43). The participants using one PIM 
was 61.0% (n = 4031). However, the mean number of 
PIMs among patients with dementia was 3.76 (SD = 2.99) 
during the exposure periods in which falls or fall-related 
injuries occurred, which was higher than all exposure 
periods. The most commonly used PIMs among patients 
with dementia were drugs with strong anticholinergic 
properties (all: n = 5312, 80.4%; falls: n = 403, 84.1%), 
especially first-generation antihistamines (all: n = 4196, 
63.5%; falls: n = 283, 59.1%) during all exposure peri-
ods and periods in which falls or fall-related injuries 
occurred.

Risk of falls or fall‑related injuries associated with PIM use 
among patients with dementia (Table 3)
Compared with the non-exposure period, the adjusted 
IRR in the exposure period was 1.57 (95% CI = 1.39–
1.76). Considering the segmented exposure periods, the 
risk of falls or fall-related injuries was higher closer to 
an initiation of PIM use among patients with dementia 
(1–14  days: IRR = 2.76, 95% CI = 2.31–3.28; 15–28  days: 
IRR = 1.95, 95% CI = 1.48–2.56; ≥ 29  days: IRR = 1.17, 
95% CI = 1.01–1.35). For the post-exposure period, the 
adjusted IRR was 1.15 (95% CI = 0.92–1.43), which was 
statistically insignificant.

Risk of falls or fall‑related injuries associated 
with the number of PIMs among patients with dementia 
(Table 4)
An increased risk of falls or fall-related injuries were 
observed when a higher number of PIMs among patients 
with dementia were used (1 PIM among patients with 
dementia: IRR = 1.45, 95% CI = 1.19–1.77; 2 PIMs: 
IRR = 1.52, 95% CI = 1.20–1.91; ≥ 3 PIMs: IRR = 1.62, 
95% CI: 1.39–1.89), compared with periods during which 
PIMs among patients with dementia were not used.

Sensitivity analyses (Table 5)
The sensitivity analyses were consistent with the results 
of the main analyses, supporting the robustness of the 
main analyses.

Table 1 Baseline characteristics of the study participants 
(N = 1,430)

Variables

Age, mean (SD) 80.13 (5.41)

Female, n (%) 1 202 (84.1)

Living setting, n(%)

 Community 1 251 (87.5)

 Facility 174 (12.2)

 Hospitalization 5 (0.4)

Insurance, n (%)

 National Health Insurance 1 265 (88.5)

 Medical care 165 (11.5)

Disability, n (%) 383 (26.8)

Death, n (%) 345 (24.1)

Charlson comorbidity index, n (%)

 0 555 (38.8)

 1 421 (29.4)

 2 243 (17.0)

 ≥ 3 211 (14.8)

Comorbidities, n (%)

 Hypertension 769 (53.8)

 Atrial fibrillation 39 (2.7)

 Ischemic heart disease 137 (9.6)

 Heart failure 84 (5.9)

 Cerebrovascular disease 491 (34.3)

 Diabetes mellitus 320 (22.4)

 Chronic kidney disease 20 (1.4)

 Chronic obstructive pulmonary disease 141 (9.9)

 Parkinson’s disease 76 (5.3)

 Arthritis (rheumatoid and osteoarthritis) 382 (26.7)

 Osteoporosis 252 (17.6)

 Depression 252 (17.6)

 Hyperlipidemia 503 (35.2)

A history of previous falls, n (%) 149 (10.4)

Number of comedications, n (%)

 ≤ 2 456 (31.9)

 3–4 217 (15.2)

 5–9 396 (27.7)

 ≥ 10 361 (25.2)

 mean (SD) 5.53 (4.40)

Duration of each periods (days), mean (SD)

 Total observation periods 1 324.52 (286.84)

 Non‑exposure periods 1 010.73 (396.48)

 Exposure periods 255.52 (345.13)

 Post‑exposure periods 58.28 (53.9)

Number of outcome events, mean (SD) 1.46 (0.93)
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Discussion
This study used the SCCS design to investigate negative 
health outcomes of PIM use in older adults with demen-
tia. The results revealed that the risk of falls or fall-related 
injuries during periods of PIM use among patients with 
dementia was 1.57 times higher compared than during 
periods without PIM use. Cautious use of PIMs among 

older adults with dementia may decrease the risk of falls 
and fall-related injuries. Sterke et al. (2012) examined the 
risk of falls among older adults with dementia residing 
in nursing homes in the Netherlands and found an asso-
ciation with antipsychotics (HR = 2.78; 95% CI = 1.49–
5.17), anxiolytics (HR = 2.58; 95% CI = 1.42–4.68) and 
antidepressants (HR = 2.84; 95% CI = 1.93–4.16) [19]. 

Table 2 Number and classes of PIMs among patients with dementia

Variables All Exposure periods Falls or 
fall‑related 
injuries

Total number of exposure period, n 6608 479

Number of PIMs among patients with dementia, n (%)

 1 4 031 (61.0) 118 (24.6)

 2 1 442 (21.8) 94 (19.6)

 3–4 816 (12.4) 118 (24.6)

 ≥ 5 319 (4.8) 149 (31.1)

 mean (SD) 1.77 (1.43) 3.76 (2.99)

PIM categories among patients with dementia, n (%)

 Antipsychotics 1 260 (19.1) 231 (48.2)

 Benzodiazepines 1 384 (20.9) 208 (43.4)

 Z‑drugs 459 (7.0) 72 (15.0)

 Strong anticholinergics 5 312 (80.4) 403 (84.1)

  Antidepressants 195 (3.0) 44 (9.2)

  Antihistamines (1st generation) 4 196 (63.5) 283 (59.1)

  Antimuscarinics (urinary incontinence) 517 (7.8) 92 (19.2)

  Antiparkinsonian agents 41 (0.6) 16 (3.3)

  Antispasmodics 1 008 (15.3) 187 (39.0)

  Skeletal muscle relaxants 171 (2.6) 40 (8.4)

Table 3 Risk of falls or fall‑related injuries associated with PIM use among patients with dementia (N = 1,430)

Periods No. of events Person‑years crude IRR (95% CI) adjusted IRR (95% CI)

Non‑exposure period 1 448 3 957 1.00 (ref ) 1.00 (ref )

Exposure period 549 1 000 1.45 (1.30, 1.62) 1.57 (1.39, 1.76)

 1–14 days 163 162 2.56 (2.16, 3.03) 2.76 (2.31, 3.28)

 15–28 days 57 83 1.75 (1.34, 2.29) 1.95 (1.48, 2.56)

  ≥ 29 days 329 756 1.11 (0.97, 1.28) 1.17 (1.01, 1.35)

Post‑exposure period 95 228 1.06 (0.85, 1.31) 1.15 (0.92, 1.43)

Table 4 Risk of falls or fall‑related injuries associated with the number of PIMs among patients with dementia (N = 1,430)

No. of PIMs No. of events Person‑years crude IRR (95% CI) adjusted IRR (95% CI)

0 1 543 4 185 1.00 (ref ) 1.00 (ref )

1 121 242 1.30 (1.07, 1.58) 1.45 (1.19, 1.77)

2 97 182 1.41 (1.13, 1.76) 1.52 (1.20, 1.91)

 ≥ 3 331 576 1.54 (1.34, 1.77) 1.62 (1.39, 1.89)
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Additionally, Yip et  al. (1994) reported an increased 
risk of falls associated with antipsychotic use among 
older adults in Australia, with an odds ratio of 4.4 (95% 
CI = 1.2–16.5) [20]. A recent study by Tan et  al. (2021) 
reported an increased risk of falls with the use of anticho-
linergic medications among hospitalized patients with 
dementia in Australia, with an incidence rate ratio of 
2.2 (p < 0.001) [21]. Richardson et al. (2020) reported an 
increased risk of falls (HR = 1.33; 95% CI = 1.06–1.66) and 
fractures (HR = 1.67; 95% CI = 1.13–2.46) with the initial 
use of Z-drugs among people with dementia [39]. These 
previous studies either restricted the study population 
based on residency in nursing homes or hospitalizations, 
or focused on the initial use of PIMs among patients with 
dementia. Furthermore, the studies included different 
drugs and statistical methods, which may have resulted 
in varying risk magnitudes. However, the use of PIMs 
among patients with dementia increases the risk of falls, 
and fall-related injuries are consistent with the findings. 
This study identified an elevated likelihood of falls or 
fall-related injuries in all individuals with dementia aged 
65  years or older who used PIMs, irrespective of their 
living settings or prior PIM use. Furthermore, the risk 
of falls was higher when PIM use among patients with 
dementia when PIM use was initiated. These results are 
comparable to those of Lim et  al. (2023) who reported 
a higher risk of hospitalization and emergency depart-
ment visits when PIM use was initiated [40]. Therefore, 
it is important to pay more attention to the occurrence of 
falls during the initiation of PIM use in older adults with 
dementia.

The present study not only identified higher concur-
rent use of PIMs among patients with dementia during 
the period in which falls or fall-related injuries occurred 

but also demonstrated that the risk of falls or fall-related 
injuries increased with the number of concurrent uses. 
These findings are similar to those of Sterke et al. (2012), 
who reported that the concomitant use of antipsychot-
ics, anxiolytics, hypnotics, sedatives, and antidepressants 
increased the risk of falls among nursing home residents 
with dementia [19], and Tan et al. (2021), who found that 
falls in hospitalized patients with dementia were associ-
ated with the concomitant use of five or more psycho-
tropic medications [21]. Additionally, the concomitant 
use of low-scoring anticholinergic medications increases 
the risk of falls in patients with dementia [18]. A similar 
association was reported in a previous study examining 
the general older adult population, in which first-gener-
ation antihistamines increased the risk of falls and fall-
related injuries [41]. Thus, the use of PIMs among older 
adults with dementia should be cautious and used only 
when necessary, at low doses, and for short periods.

Paired cohort methods are commonly used to study 
the risk of adverse events associated with medication 
use [42–44]. The observation period of this study was 
4  years, which was longer than that of previous stud-
ies. In a baseline analysis of older adults with demen-
tia, 90.4% (n = 26,853) used PIMs at least once during 
the study period; therefore, the number of controls was 
insufficient. Moreover, individuals with dementia have a 
wide range of comorbidities and symptoms [45], result-
ing in a high degree of inter-individual variations [2]. The 
SCCS is an appropriate study method for outcomes of 
interest for which the exact time of occurrence is known 
[36]. It aims to estimate the relative incidence by compar-
ing the incidence of an outcome event during the period 
of risk exposure with that during all other periods [46]. 
Confounding variables due to interindividual differences 

Table 5 Sensitivity analysis

Periods No. of events Person‑years crude IRR (95% CI) adjusted IRR (95% CI)

Restricted to first outcome events (N = 1,430)

 Non‑exposure period 1 046 1 955 1.00 (ref ) 1.00 (ref )

 Exposure period 323 294 1.33 (1.11, 1.59) 1.27 (1.06, 1.53)

  1–14 days 98 60 1.49 (1.17, 1.89) 1.41 (1.11, 1.80)

  15–28 days 28 28 0.88 (0.59, 1.32) 0.83 (0.55, 1.25)

   ≥ 29 days 197 206 1.39 (1.08, 1.80) 1.35 (1.04, 1.76)

 Post‑exposure period 61 82 0.65 (0.49, 0.86) 0.63 (0.47, 0.84)

Excluding deaths (N = 1,085)

 Non‑exposure period 1 136 3 268 1.00 (ref ) 1.00 (ref )

 Exposure period 448 846 1.49 (1.32, 1.68) 1.62 (1.43, 1.83)

  1–14 days 130 137 2.60 (2.16, 3.13) 2.80 (2.32, 3.39)

  15–28 days 48 69 1.90 (1.42, 2.54) 2.12 (1.58, 2.85)

   ≥ 29 days 270 640 1.15 (0.99, 1.34) 1.23 (1.06, 1.44)

 Post‑exposure period 83 189 1.20 (0.96, 1.51) 1.29 (1.02, 1.62)
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could be controlled because only the patient population 
was studied.

While the characteristics of the SCCS study make it 
difficult to entirely eliminate biases arising from a study 
population comprising solely participant-experience 
exposures and outcomes [47], the sociodemographic 
characteristics and health status of the study participants 
were not significantly different from those reported in 
previous studies among older adults with dementia [5, 26, 
30, 48–52]. The population in these studies was predomi-
nantly female (84.1%), with a mean age of 80.13  years. 
According to the 2016 dementia statistics released by the 
South Korean government, women comprise approxi-
mately 64% of patients aged 65  years and older with 
dementia [53]. The prevalence of dementia increases 
with age, with a prevalence of 32.2% among those aged 
85 years.

The most frequently used PIMs among patients with 
dementia during the exposure periods were strong 
anticholinergics (80.4%), benzodiazepines (20.9%), and 
antipsychotics (19.1%), with an average of 1.77 PIMs. 
This utilization pattern aligns with that of previous stud-
ies examining PIM use among patients with dementia 
[30, 31]. Notably, in the present study, we observed a 
higher rate of drug utilization with strong anticholiner-
gic properties. During the observation period, all PIMs 
among patients with dementia that were used at least 
once were measured while considering the broad use of 
strong anticholinergics for conditions such as seasonal 
allergies, colds, urinary disorders, and depression [54]. 
The high frequency of use of first-generation antihis-
tamines suggests that older adults with dementia com-
monly consume these drugs.

This study had certain limitations. Although medi-
cations were identified as PIMs among patients with 
dementia, their appropriateness may depend on the 
patient’s clinical condition. Considering that most PIMs 
among patients with dementia are associated with medi-
cations prescribed for psychiatric disorders and that the 
data source utilized in this study was incapable of offer-
ing personal information relating to psychiatric diseases, 
regarded as highly confidential in Korea, sufficient infor-
mation indicating PIM usage rationales among patients 
with dementia could not be considered. Additionally, 
outcome events were determined based on diagnostic 
codes from insurance claims data, which may not pre-
cisely reflect clinical symptoms. Considering that falls are 
used as a criterion for evaluating medical institutions and 
long-term care facilities, some individuals may attempt 
to classify falls as fall-related injuries and attribute them 
to a primary diagnosis. Therefore, codes for both falls 
and fall-related injuries were included to account for 
falls that may occur in daily life, as well as those resulting 

from injuries caused by falls. Lastly, the present study 
utilized the NHIS-ECDB 2.0, which are based on health 
insurance claims data and only consists of records for 
reimbursed medications. Non-reimbursed and over-
the-counter medications were excluded. Additionally, it 
is impossible to confirm whether all prescribed medica-
tions were administered, considering the clinical nature 
of patients with dementia, even if prescription records 
exist.

Despite these limitations, this study has several 
strengths. Using the highly representative NHIS-ECDB 
2.0, this empirical analysis examined whether adverse 
reactions occurred more frequently among individu-
als with dementia who used PIMs among patients with 
dementia by studying a randomly sampled cohort of 
approximately 540,000 Korean older adults longitudi-
nally. Previous studies have analyzed PIM usage patterns 
among patients with dementia; however, only a few have 
investigated negative health outcomes associated with 
overall PIM usage among patients with dementia rather 
than individual PIM use among patients with dementia. 
Additionally, considering that the older adult population 
exhibits significant physiological variations and diverse 
medical utilization behaviors, particularly in patients 
with dementia and various clinical symptoms, this study 
employed the SCCS design to control for confounding 
factors associated with interpersonal clinical differences 
and conducted intrapersonal comparisons. Further-
more, the use of PIMs among older adults with dementia 
increased the risk of falls or fall-related injuries. There-
fore, the present study provides evidence for the develop-
ment of effective strategies to reduce the PIM use among 
patients with dementia.

Conclusions
Falls and fall-related injuries among older adults with 
dementia increased with PIM use, as did concurrent 
use of PIMs among patients with dementia. Therefore, 
it is crucial to monitor PIM use among older adults 
with dementia and develop a standardized management 
protocol.
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