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Abstract

Background

Sedative agents are avoided in older adults because of potential risks including cognitive

impairment, fall, frailty, and mortality. However, no studies addressing both prediagnostic

and postdiagnostic period of dementia have evaluated sedative agent usage over an

extended period.

Objectives

To describe a longitudinal change in sedative medication use before and after the diagnosis

with dementia over 10 years compared to patients without dementia.

Methods

We conducted a retrospective cohort study using longitudinal claims data for senior national

health insurance beneficiaries. After 1:4 propensity score matching, 54,165 older patients

(�60 years) were included. Difference-in-difference (DID) of sedative burden and use of

sedative agents pre- and post-dementia diagnosis were estimated, and compared to those

of patients without dementia. The yearly average daily sedative load (adSL) for each individ-

ual was calculated after applying duration, dose, and sedative score of medications from the

sedative load model. The medication use for each sedative category was calculated using

the defined daily dose (DDD) per 1000 patient-days.

Results

The adSL in patients with dementia was consistently high before and after diagnosis and

significantly increased after diagnosis, compared to those of patients without dementia (DID

0.123 unit/day, 95% confidence interval 0.117–0.129). DID of medication use was the high-

est for antidepressants (64.764 DDD/1000 patient-days) followed by Z-drugs and antipsy-

chotics. Atypical antipsychotic and antidepressant usage steeply increased after dementia

diagnosis.
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Conclusion

Sedative burden in patients with dementia before and after dementia diagnosis was higher

than that in patients without dementia, and was further increased after dementia diagnosis.

Introduction

Sedative effects are found in various medications including central nervous system (CNS) medi-

cations (hypnotics, sedatives, antipsychotics, antidepressants, and opioid analgesics), histamine

H1 receptor antagonist, centrally acting muscle relaxants and some gastrointestinal medications

[1]. The use of these medications in older adults is a well-known risk factor for adverse clinical

outcomes such as impaired functional status, cognitive impairment, fall, frailty, and mortality

[2–7]. Given such a high risk, the current clinical guidelines for medication use in older adults

such as the Beers criteria and STOPP/START criteria recommend that the use of sedative agents

such as long acting benzodiazepines and psychotropic medications should be avoided in older

adults [8, 9]. However, these medications were being frequently used in older adults; 25–40% of

home-dwelling older adults and 42–85% of institutionalized older adults were reported to use

those sedative agents [10–13]. Elderly patients were also reported to have 6–12% of hospital

admissions associated with adverse drug events, which could result from potentially inappro-

priate medications [14, 15]. Especially in patients with dementia, the use of antipsychotics is

potentially inappropriate in older adults due to the elevated risk of stroke and mortality [8, 9].

Nevertheless, antipsychotics and hypnotics are frequently used in patients with dementia

because of the clinical manifestations of dementia including sleep disturbance and behavioral

and psychological symptoms. In a study conducted in the Europe, antipsychotics use in patients

with dementia in long-term institutional care ranged from 12% in Sweden to 54% in Spain [16].

Prevalence and the economic burden of dementia is a global problem as the cost of demen-

tia was estimated at 1.09% of the global GDP in 2015 [17]. The societal burden of disease

regarding dementia is particularly one of major public health concerns in South Korea where

the proportion of elderly patients (age�65 years) has increased from 7.2% in 2000 to 14.2% in

2017 [18]. Therefore, an evaluation of the appropriateness of medication use in patients with

dementia could be important to prevent adverse clinical outcomes and reduce socioeconomic

burdens with regards to potentially inappropriate medications.

The use of sedative agents has been actively explored in the previous literature. However,

most of the previous studies have been conducted in western countries and for selected patient

groups according to residence type [19–22]. Furthermore, no studies have evaluated the use of

sedative agents over a long period of time with addressed both the period before and after the

diagnosis of dementia. This study builds on the previous literature and improves upon it by

investigating a longitudinal change in sedative medication use over 10 years encompassing

both the period before and after dementia diagnosis. We also established a pseudo-experimen-

tal control group without dementia using propensity matching to assess the incremental seda-

tive use among patients with dementia. The current study extracted sedative agent use based

on nationally representative real-world data.

Methods

Study design and data sources

This study was a retrospective cohort study using the Korea National Health Insurance Service

Senior Cohort (KNHIS-SC) database (DB) which was based on insurance claims for older
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adults provided by National Health Insurance Service. National Health Insurance Service is

the sole public health insurer in South Korea, with all legal residents in Korea as compulsory

beneficiaries and all healthcare institutions including pharmacies as compulsory providers.

KNHIS-SC DB is a longitudinal database for unidentified 558,147 seniors aged� 60 years as

of 2002, representing 10% of all Korean population of the same ages, who were followed-up

until 2013. The dataset contains information on health care utilization, including screening

services, mortality, and sociodemographic variables. This study was approved by the Yeung-

nam university institutional review board (YU 2019-01-001).

Patient selection

We selected patients who were newly diagnosed with dementia (ICD-10 F00, F01, F02 and

F03) and then initiated anti-dementia medications from 2003 to 2008. Patients who were

never prescribed anti-dementia medications and were not diagnosed with dementia during

2003 and 2008 were selected as controls. The first year of dementia diagnosis was defined as

index year. Propensity score matching method was applied to establish pseudo-experimental

control group in order to reduce the effect of confounding factors. Age, gender, and co-morbid

diseases (hypertension, diabetes mellitus, and dyslipidemia) were used in matching. Greedy

matching was used, and controls were chosen to make sure the ratio of the case and control

cohorts was 1:4 [23].

Exclusion criteria were as follows; 1) patients who died before 2010, whose minimum fol-

low-up period was <2 years after the index year, 2) patients who had dementia diagnosis but

were not prescribed anti-dementia medications, 3) patients who initiated anti-dementia medi-

cation before 2003 and after 2008.

Variables

In order to evaluate the trend of sedative burden and sedative agent use before and after

dementia diagnosis, we used two variables as dependent variables. First, we calculated each

individual’s average daily sedative load (adSL) yearly for patients with prescription of systemic

action agents during the study period using the below equation. To calculate sedative burden,

we excluded patients who were prescribed only topical agents such as inhalers and eye drops

because the systemic effect of those agents is estimated to be minimal. By using the following

Eq (1), we could calculate the cumulative sedative burden that reflects the duration and dose of

sedative agents. We then estimated the trends of adSL before and after diagnosis in patients

with dementia compared to those without dementia.

Average Daily Sedative Load ¼

Pn
k¼1

Total prescribed dose of Ak X SLMk
WHO� DDD of Ak

365 days
ð1Þ

Where A indicates the kth sedative agents prescribed to a patient (k = 1 to n); SLM, Sedative

Load Model; WHO-DDD, defined daily dose by WHO. In the adSL equation, we used Sedative

Load Model (SLM) to rank the degree of sedation. In this model, medications were categorized

into four groups: group 1 (primary sedatives), group 2 (drugs with sedation as a prominent

side effect), group 3 (drugs with sedation as a potential adverse side effect) and group 4 (drug

with no known sedation). Each group was assigned sedative scores as follows; 2 for group 1, 1

for group 2, and 0 for group 3 and 4 [1, 20].

Second, we calculated DDD per 1000 patient-days for each sedative category before and

after dementia diagnosis to identify the change in the medication use per each category of the

sedative agents. Sedative category was classified on the basis of the original classification of a

SLM. Subsequently, considering the pharmacological properties, the category of “Anxiolytics”
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and “Hypnotics and Sedatives” were modified for investigating the trends of medication use in

detail. Modified medication categories were as follows; Benzodiazepines, z-drugs, other hyp-

notics and sedatives, and other anxiolytics (S1 Table).

The key independent variable was whether a patient was newly diagnosed with dementia in

accordance with criteria for patient selection. We also identified the following baseline charac-

teristics of each patient as covariates in order to control those variables in all estimations: age

in years, sex [24], calendar year of medication prescription, and comorbidities including

hypertension, diabetes mellitus, dyslipidemia, stroke, Parkinson’s disease, schizophrenia, and

depression.

Analysis

Multivariate log-normal mixed-effects regression was performed. Difference-in-difference in

sedative burden between patients with dementia and patients without dementia adjusting the

difference before the onset of dementia was estimated as in Eq (2). The group without dementia

provided an estimate of the expected baseline change in the anti-sedative burden which was

then subtracted from the change observed in the dementia group to estimate a net causal effect.

Yit ¼ b0 þ b1Postit þ b2Dementiait þ dðDementiait � PostitÞ þ b3Xit þ mi þ εit ð2Þ

where the subscripts i and t denote individual and year, respectively. Y denotes drug exposure

score. Post and Dementia are dummy indicators representing time after dementia onset (versus

pre-diagnosis) and people with dementia (versus those without dementia), respectively. X is a

vector of individual demographic and socioeconomic characteristics as covariates. Individual-

level random effects were represented by μ. ε is a stochastic error term which was assumed for

the data to be independently and identically distributed; β indicates parameters to be estimated.

β2 is the incremental difference in drug exposure between patients with dementia and the con-

trols before the diagnosis, and β2+δ is the corresponding difference after diagnosis. Therefore, δ
is the parameter estimating difference-in-difference in the extent of the drug exposure between

dementia and the control groups, which controls for pre-diagnosis differences between the two

groups. The unit of analysis was individual-year. Standard errors were bootstrapped for robust-

ness for all estimations.

Descriptive statistics such as mean, standard deviation (SD), and percentage were calcu-

lated. The chi-squared test was used to compare categorical variables, and the Student’s t-test

was used to compare continuous variables between the two groups. We used SAS 9.4 (SAS

Institute, Inc., Cary, NC, USA) and STATA (version 14; StataCorp LP, College Station, TX) for

data management and statistical analysis.

Results

Among the 558,147 seniors aged� 60 years, patients with dementia were 10,833 and control

patients without dementia were 313,316. After propensity score matching of 1:4 ratio, a final

cohort of 54,165 patients was constructed (Fig 1).

The mean age was 71 years and approximately three-fourths of the cohorts were female.

The prevalence of stroke (10.40% vs. 4.72%, p<0.001), Parkinson’s disease (1.44% vs. 0.21%,

p<0.001), schizophrenia (0.57% vs. 0.06%, p<0.001), and depression (8.82% vs. 3.76%,

p<0.001) were significantly higher in the dementia cohort than in the non-dementia cohort.

Approximately one-third patients with dementia were first diagnosed in 2008. Medication use

of both cohorts showed a similar tendency; a rapid decrease after reaching their peak in 2011.

However, medication use in patients with dementia was higher than in patients without

dementia during the overall study period (Table 1).
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The adjusted adSL of patients with dementia and patients without dementia after the index

year were significantly increased than before index year, 0.135 and 0.012 respectively. After

adjusting difference of patients without dementia, the adjusted adSL of dementia patients after

diagnosis was still higher than before index year (0.123 unit/day, 95% confidence interval

0.117–0.129) (Table 2). After the index year, the proportion of patients that was prescribed

sedative agents at least once in patients with and without dementia was 96.1% and 96.2%,

respectively (S2 Table).

When the category of sedative agents was listed in order of the largest difference-in-differ-

ence value, the use of antidepressants, z-drugs, antipsychotics, antiepileptics, antiparkinsonian

drugs, other anxiolytics and general anesthetics was significantly increased after index year in

patients with dementia than in patients without dementia. The difference-in-difference was

the highest in antidepressants (64.764 DDD/1000 patient-days) followed by Z-drugs (17.293

DDD/1000 patient-days), and antipsychotics (16.178 DDD/1000 patient-days). Also, we iden-

tified that the changes in medication use of antidepressants and antipsychotics were mainly

related to agents with relatively low sedative potential, such as selective serotonin reuptake

inhibitors etc. (62.467 DDD/1000 patient-days) and atypical antipsychotics (15.362 DDD/1000

patient-days). However, the use of central acting muscle relaxants, old antihistamines, antiver-

tigo and antiemetics, opioids, antispasmodics, and barbiturates was significantly decreased

after index year in patients with dementia than in patients without dementia (Table 2).

When the adjusted adSL was evaluated by year before and after the index year, it was found

to be consistently higher in patients with dementia before and after diagnosis than in those

without dementia. Also, the adjusted adSL showed a gradual increase and then a tendency to

decrease from 3 years after the index year in both patients with dementia and those without

dementia. Among the category of sedative agents that difference-in-difference was signifi-

cantly increased, this trend was similarly observed in Z-drugs, antiepileptics, antiparkinsonian

drugs, and other anxiolytics. Although the difference-in-difference values of benzodiazepines

was relatively low, we realized that the use of benzodiazepines before and after diagnosis was

the highest in patients with dementia (64.521~111.934 DDD/1000 patient-days); it was ap-

proximately 2 times higher in patients with dementia than in patients without dementia. The

trend of use of antipsychotics and antidepressants was also different with the adjusted adSL. It

showed the tendency where medication use of both categories in patients with dementia

steeply increased about 3~4 times at 1 year after the diagnosis, compared to the 1 year before

diagnosis (Fig 2, S3 Table). The proportion of patients who were prescribed antipsychotics and

Fig 1. Flow of patient selection. NHIS; National Health Insurance Service.

https://doi.org/10.1371/journal.pone.0220582.g001
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antidepressants before and after diagnosis in patients with dementia was 12.9% vs. 38.7% and

38.0% vs. 55.0%, respectively (S2 Table).

Discussion

In this study, we showed that sedative burden in patients with dementia was consistently high

both before and after diagnosis, and significantly increased in patients with dementia after

diagnosis compared to patients without dementia. We also showed that the trend in the use of

sedative agents was different between medication categories. The use of atypical antipsychotics

and antidepressants had steeply increased after dementia diagnosis. The change in benzodiaze-

pines use was minimal, however, the proportion of its use in the overall sedative agents was

greatest both before and after the diagnosis of dementia.

Table 1. Baseline characteristics of dementia and non-dementia cohort.

Dementia

(N = 10,833)

Non-Dementia

(N = 43,332)

P-value

Age, mean (SD) 71.10 (6.42) 71.10 (6.44) 0.896

<75, N (%) 7,583 (70.00%) 30,328 (69.99%) 0.927

75~<85, N (%) 3,002 (27.71%) 11,985 (27.66%)

85~, N (%) 248 (2.29%) 1,019 (2.35%)

Sex, Male, N (%) 2,778 (25.64%) 11,115 (25.65%) 0.988

Comorbidities, N(%)

Hypertension 4,070 (37.57%) 16,244 (37.49%) 0.873

Diabetes mellitus 1,122 (10.36%) 4,453 (10.28%) 0.805

Dyslipidemia 1,280 (11.82%) 5,011 (11.56%) 0.465

Stroke 1,127 (10.40%) 2,044 (4.72%) <0.001

Parkinson 156 (1.44%) 90 (0.21%) <0.001

Schizophrenia 62 (0.57%) 28 (0.06%) <0.001

Depression 956 (8.82%) 1,629 (3.76%) <0.001

Index year, N(%)

2003 524 (4.8%) 2096 (4.8%) -

2004 622 (5.7%) 2488 (5.7%)

2005 1113 (10.3%) 4452 (10.3%)

2006 1936 (17.9%) 7744 (17.9%)

2007 2706 (25.0%) 10824 (25.0%)

2008 3932 (36.3%) 15728 (36.3%)

Total patient-days of prescriptions per patient each year

2002 571 470

2003 866 652

2004 1071 782

2005 1183 862

2006 1624 1069

2007 1901 1202

2008 1906 1325

2009 1959 1423

2010 1904 1465

2011 2013 1600

2012 791 614

2013 130 111

https://doi.org/10.1371/journal.pone.0220582.t001
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Benzodiazepine use was two-fold higher in patients with dementia both before and after

diagnosis than in patients without dementia in the current study. Therefore, the high sedative

burden in patients with dementia might be explained by the high sedative score and high use

of benzodiazepine. When compared with the benzodiazepine use in overall elderly patients in

Korea (66.1 DDD/1000 population/day in 2009), benzodiazepine use was found to be higher

in patients with dementia, but lower in patients without dementia [25]. This difference sug-

gests that efforts should be made to reduce the use of inappropriate benzodiazepines based on

risk/benefit in patients with dementia [26]. Although we did not evaluate the relationship

between benzodiazepine use and dementia onset, high use of benzodiazepines before dementia

onset was in line with the result of the meta-analysis study that reported elevated odds of

dementia in benzodiazepine users than in non-users (OR 1.78; 95% CI 1.33–2.38) [27]. Con-

sidering the association between higher benzodiazepine use and dementia onset in Asia in the

previous study [27], further research to evaluate the relationship between sedative burden and

the dementia onset in Koreans is needed.

To our knowledge, there were no studies that reported the pattern of the use of sedative agents

both before and after dementia diagnosis over such a long period, so direct comparison of our

results with others is difficult. The current study shows that difference-in-difference of adSL

Table 2. The change in sedative agent use by medication group before and after diagnosis.

Dementia Non-dementia Difference-in-difference

Δ estimate of difference of

pre/post (SE)

Estimate (SE) 95% confidence

interval

Adjusted average daily sedative load

0.135 (0.004)� 0.012 (0.003)� 0.123 (0.003)� 0.117 0.129

Adjusted average DDD / 1000 patient-days

Antidepressants

SSRI etc. 64.828 (0.934)� 2.361 (0.742)� 62.467 (0.736)� 61.024 63.910

Tricyclic agents etc. 2.733 (0.343)� 0.440 (0.275)� 2.293 (0.268)� 1.767 2.818

Z-drugs 17.293 (0.656)� -0.262 (0.521) 17.555 (0.518)� 16.540 18.570

Antipsychotics

Atypical antipsychotics 14.710 (0.226)� -0.652 (0.180)� 15.362 (0.178)� 15.013 15.712

Traditional antipsychotics 0.942 (0.154)� 0.120 (0.123) 0.822 (0.120)� 0.587 1.057

Antiepileptics 10.888 (0.462)� 0.344 (0.369) 10.544 (0.361)� 9.836 11.252

Anti-parkinson drugs 5.150 (0.266)� 0.120 (0.213) 5.030 (0.209)� 4.621 5.439

Other anxiolytics 3.683 (0.230)� 0.084 (0.182) 3.599 (0.183)� 3.241 3.958

Benzodiazepines 5.666 (1.226)� 3.804 (0.982)� 1.862 (0.955) -0.011 3.734

Other respiratory drugs 0.173 (0.444) 0.038 (0.350) 0.135 (0.353) -0.558 0.827

General anesthetics 0.024 (0.011)� -0.010 (0.009) 0.034 (0.010)� 0.015 0.053

Other hypnotics and sedatives 0.001 (0.005) 0.009 (0.004)� -0.008 (0.004) -0.016 0.001

Antimigraines -0.089 (0.065) -0.014 (0.052) -0.075 (0.051) -0.175 0.024

Barbiturates -0.183 (0.087)� 0.022 (0.069) -0.205 (0.069)� -0.340 -0.071

Prokinetics -0.166 (0.229) 0.148 (0.181) -0.314 (0.182) -0.670 0.042

Antispasmodics -0.834 (0.196)� 0.012 (0.155) -0.845 (0.156)� -1.151 -0.540

Opioids -0.990 (0.303)� 0.307 (0.241) -1.296 (0.239)� -1.765 -0.827

Antivertigo & antiemetics -2.308 (0.533)� -0.239 (0.425) -2.069 (0.419)� -2.889 -1.248

Old antihistamines -5.033 (0.394)� 0.247 (0.314) -5.279 (0.310)� -5.888 -4.673

Central acting muscle relaxants -8.921 (0.594)� 1.717 (0.470)� -10.638 (0.471)� -11.562 -9.714

� p-value < 0.05

https://doi.org/10.1371/journal.pone.0220582.t002
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between patients with dementia and patients without dementia before and after dementia diag-

nosis was 0.123 unit/day. This means that the use of sedative agents with SLM score 1 after

dementia onset was increased by 45 DDD/year than in patients without dementia. The tendency

of an increase in sedative agent use after dementia onset was similar to that reported from a previ-

ous study that evaluated the use of anticholinergic and sedative agents each 6 months before and

after dementia diagnosis [28]. The proportion of patients who were prescribed sedative agents at

least once was also similar in both dementia and non-dementia cohorts, 96.1% and 96.2%, respec-

tively. This implies that higher sedative burden in patients with dementia might be related to

treatment intensity and not to patient proportion. Considering that increase in sedative burden is

associated with negative clinical outcomes such as hospitalization and mortality [3, 6], more

efforts may be necessary to reduce the use of sedative agents in patients with dementia.

The majority of patients with dementia used sedative agent (96.1%) in the current study,

which was higher than that of previous findings (14%~85%), although direct comparison with

other studies was difficult due to differences in the method of evaluating the sedative burden

[12, 21, 29]. Previous studies identified medication use at specific time points using medication

record or brown bag method, or carried out evaluations only when medications were used for

a certain period of time. Given that we used a nationally representative claim database for eval-

uation of the sedative burden, the high proportion of patients who used sedative agents in our

study is likely due to the inclusion of all sedative agent users even if they were given prescribed

sedatives only once.

The use of antipsychotics and antidepressants steeply increased after dementia diagnosis,

while sedative burden showed a steady rise from the period before dementia diagnosis. The

steep elevation of antipsychotics and antidepressants may be related to the behavioral and psy-

chological symptoms of dementia [30, 31]. In the use of antipsychotics and antidepressants,

adjusted average DDD/1000 patients-days and the ratio of patients whom were prescribed

medications in patients with dementia had shown similar patterns before and after diagnosis.

This means that increase in the use of antipsychotics and antidepressants after dementia onset

was mainly related to increase in patient proportion and not treatment intensity.

There are several limitations to consider when interpreting our results. First, the accuracy

of diagnosis remains unconfirmed given that insurance claims data was used for the current

study. However, we only included patients with dementia diagnosis and anti-dementia medica-

tion and excluded the patients with dementia diagnosis or anti-dementia medications during

the past one year before the index date. In addition, we did not include the prescriptions of the

index year for difference-in-difference estimation in order to evaluate more exactly the influence

of dementia diagnosis. Second, the information of over-the-counter medications with sedative

properties could not be identified in the claims data, which could lead to an underestimation of

sedative burden. Third, prescription data does not reflect actual medication ingestion.

Despite those limitations, this is the first study evaluating an over 10-year use of sedative

agents as medication before and after dementia diagnosis in patients compared to its use inpa-

tients without dementia to the best of our knowledge. Also, we evaluated the sedative burden

with respect to the dose and duration of sedative agents. This method could assess the sedative

burden with respect to the actual pattern of medication use than the previous method that sim-

ply added the sedative score of medication ingested (or prescribed).

Conclusion

We showed that high sedative burden in patients with dementia before and after dementia

diagnosis compared to patients without dementia and sedative burden was much increased

after dementia diagnosis by analyzing prescription information for a longer period.
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