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Background: Residents in long-term care (LTC) facilities (LTCFs) may have multimorbidity and be unable to self-administer medication. Thus, due to the risk of potentially inappropriate medications (PIMs), epidemiological studies on PIM use and its associated factors should be conducted to ensure safe medication use for residents in LTCFs.
Objective: We evaluated PIM use among residents of LTCF and the associated factors in residents of LTCFs in Korea using a nationwide database.
Methods: This cross-sectional study used the Korea National Health Insurance Service Senior Cohort (KNHIS-SC) database 2.0 of the National Health Insurance Service (NHIS), a single public insurer in Korea. We analyzed older adults aged ≥65 years who were residents of LTCFs in 2018, using the KNHIS-SC database. The 2019 American Geriatrics Society (AGS) Beers criteria was used for PIM identification. The prevalence of PIM use was defined as the proportion of LTCF residents who received PIM prescriptions at least once. We evaluated the frequency of prescriptions, including PIMs, and determined the most frequently used PIMs. We also conducted a multivariable logistic regression analysis to identify the factors associated with PIM use.
Results: The prevalence of PIM among the LTCF residents was 81.6%. The prevalence of PIM was 74.9% for LTC grades 1 or 2 (high dependence) and 85.2% for LTC grades 3–5 (low dependence). Quetiapine was the most frequently prescribed PIM, followed by chlorpheniramine. The low dependence level was significantly associated with PIM use (odds ratio of LTC grades 3–5: 1.49, 95% confidence interval 1.32–1.68, reference: LTC grades 1 or 2); moreover, the number of medical institutions visited, and medications emerged as primary influencing factors.
Conclusion: Most LTCF residents were vulnerable to PIM exposure. Furthermore, exposure to PIMs is associated with LTC grade. This result highlights the need for comprehensive medication management of LTCF residents.
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1 INTRODUCTION
The life expectancy of humans at birth has been increasing, and population aging is a global situation (The World Bank, 2020). In Korea, as of 2020, the life expectancy of newborns is 83 years and the proportion of the aged population (≥65 years) is 15.7%. Aging in Korea is progressing rapidly, and Korea is expected to become a super-aged society, with more than 20% of the population aged 65 years or older by 2025 (20.6% of the total population) (The World Bank, 2020; KOrean Statistical Information Service (KOSIS), 2022). Aged people are susceptible to adverse drug reactions (ADRs), and these ADRs could progress to severe disease; the pharmacokinetic and pharmacodynamic response to medications is altered in ADRs, and polypharmacy is common in older adults (Mangoni and Jackson, 2004; Wastesson et al., 2018). ADR-related emergency department visits in aged patients were twice that of the general population, and the risk of the severe ADR was approximately 7 times higher (Budnitz et al., 2006).
Older patients are vulnerable to medication harm, and some potentially inappropriate medications (PIMs) may carry a greater risk to patient than the benefits provided by those medications. Therefore, guidelines for older adults have been announced for PIMs. The Beers Criteria, STOPP/START, NORGEP, and PRISCUS are representative guidelines (Rognstad et al., 2009; Holt et al., 2010; O’Mahony et al., 2015; By the American Geriatrics Society Beers Criteria Update Expert, 2019). The use of PIMs in older adults is associated with ADRs, falls and fractures, hospitalizations, and increased healthcare costs (Hyttinen et al., 2016; Damoiseaux-Volman et al., 2021; Yadesa et al., 2021). Thus, medication management to evaluate and prevent PIM use in older adults is important. The prevalence of PIM use in older adults varies according to study population and guidelines. A systematic review of PIM use in older inpatients reported a prevalence of 30.4%–97.1%, and the prevalence of PIM use in community-dwelling older patients in the US was 42.6% (Davidoff et al., 2015; Redston et al., 2018). Residents in long-term care facilities (LTCFs) are thought to be the frailest members of society because they lose independence in daily life beyond a certain level and have a short life expectancy.
As the aging population increases, the number of residents in LTCF also increases. In Korea, the number of residents in LTCF has increased to 169,405 in 2018 after the adoption of social long-term care insurance (LTCI) in 2008. LTCI is mandatory social insurance and operates by the National Health Insurance Service (NHIS) in Korea. Older adults, as well as younger adults who require long-term care (LTC), are eligible for LTCI. Care needs were assessed by the NHIS based on the care need certification (CNC) system, which is a standardized 52-item functional assessment tool and procedure (Kim et al., 2013). LTCI assesses older adults for their LTC grade based on activities of daily living, cognition, behavioral problems, and need for nursing care and rehabilitation. The LTC grade was classified into six categories according to the degree of need for LTC services identified in the comprehensive evaluation results: Level 1 (older adults with complete dependence), Level 2 (severe dependence), Level 3 (moderate dependence), Level 4 (mild dependence), Level 5 (dementia patients with lighter physical dependence), and Level 6 (dementia patients using services for day-care centers or home-dwellings) (Kim and Kwon, 2021; National Health Insurance Service, 2021).
The prevalence of PIM use in LTCF was reported to be 18.5%–82.6% based on the Beers criteria (Storms et al., 2017) and the factors associated with PIM use in LTCF were age, duration of institutionalization, geriatric score, physician’s role, dementia, and polypharmacy (Anrys et al., 2018; Moreira et al., 2020). In Korea, 58.2% of residents of LTCFs used PIMs, and the number of co-medications and the LTCI grade were associated with PIM use, when data regarding 20 LTCFs were evaluated (Hwang et al., 2015). There is a need to develop strategies for safe medication use among residents in LTCFs. However, to the best of our knowledge, no study has comprehensively evaluated PIM use among LTCF residents in Korea. Considering that the impact of medication could be greater in frail older adults, PIM use should be evaluated according to the LTC level.
Therefore, we aimed to evaluate PIM use and its associated factors in residents of LTCFs in Korea using a nationwide database.
2 METHODS
2.1 Database and populations
This cross-sectional study used data from the Korea National Health Insurance Service Senior Cohort (KNHIS-SC) database (DB) 2.0 of the National Health Insurance Service (NHIS), a single public insurer in Korea. This database included de-identified information for approximately 8% of the aged population (aged 60 years and older) from 2002 to 2019: sociodemographic data including age, sex, decile of insurance contribution of each subject and death event, healthcare utilization, such as hospitalization, outpatient visits, and medication prescription; results of national health screening services; and information on LTCI, such as LTC grade and type of service used.
This study included older adults who were admitted to LTCF for the first time in 2018 and defined the date of the first claim for LTCF use in 2018 for each patient as the index date. We used the LTCI grade as an indicator of the level of LTC needs. We excluded residents with LTC grade 6 (dementia patients using services for day-care centers or home-dwellings) because they could not use LTCF. We then classified them as LTCF residents based on their LTC grade: LTC grade 1 or 2 for patients with high dependence, and LTC grade 3–5 for patients with low dependence.
2.2 Variables
2.2.1 Potentially inappropriate medications
We applied the criteria of “potentially inappropriate medication use in older adults” from the 2019 Beers criteria to identify PIM use in the study population; however, the PIM criteria for medications not approved in Korea were not considered (The 2019 American Geriatrics Society Beers Criteria® Update Expert Panel, 2019). PIM use was identified by applying the guideline based on the diagnosis code or medication to evaluate PIM use accurately. The International Classification of Diseases 10th revision (ICD-10) codes are listed in Supplementary Table S1.
PIM use was identified for each outpatient prescription 1 year after the index date, excluding topical agents. The prevalence of PIM use in LTCF residents was calculated using the number of residents who were prescribed PIMs at least once a year and the total number of residents included as the numerator and denominator, respectively. In addition, we evaluated the frequency and duration of PIMs in each patient. The top ten ingredients were identified based on the number of prescriptions.
2.2.2 Covariables
The characteristics of the included residents and LTCF were considered covariates in this study: 1) for residents, healthcare utilization, socio-demographic characteristics (age, sex, and insurance types), comorbidities using the Charlson Comorbidity Index (CCI) and other chronic diseases, number of medications prescribed, LTC grade, duration of LTCI beneficiaries (from the initial date of LTC grade evaluation to index date), and duration of residence in a LTCF (from the initial claim date of LTCF to index date); 2) for LTCF, the bed capacity, ownership type (private or other, local government, corporate), and number of contracted doctors of LTCF. Healthcare utilization, number of medications prescribed, CCI, and other chronic diseases were identified a year before the index date. Chronic diseases were defined as hospitalization (≥2 days) or two or more outpatient visits according to the main diagnosis code. The ICD-10 codes or ICD-10 of reference medications used are listed in Supplementary Table S1. Other variables, such as age, sex, insurance type, and LTC grade, were identified at the index date.
2.3 Analysis
The mean, standard deviation (SD), and percentage were used for descriptive statistics, and t-tests and chi-squared tests were used to identify differences between the groups. Multiple logistic regression was used to identify factors associated with PIM use among LTCF residents. SAS 9.4 (SAS Institute, Inc., Cary, NC, United States) was used for data management and statistical analyses. The statistical significance was analyzed at a p-value ≤ .05.
3 RESULTS
In 2018, 51,632 out of 599,513 older adults were LTCI beneficiaries, and 8,835 were LTCF residents (Figure 1). Women accounted for 77.8%, and the mean age was 82.1 years (SD 5.8). Approximately, half of the residents presented with dementia (57.6%) and hypertension (48.9%) as comorbidities, and 39.4% were hospitalized. The LTC grade of most residents was Level 3 (39.2%), the average LTCI beneficiary period was 52.1 months, and the average LTCF residence period was 36.4 months. Among the LTCF residents, 81.6% (n = 7,207) had at least one PIM prescription per year. The number of outpatient visits (23.4 vs. 14.0, p < .001), number of medical institutions used (3.0 vs. 1.9, p < .001), and number of medications (7.7 vs. 5.6, p < .001) were significantly higher for PIM users than for PIM non-users. A proportion of residents (32% and 47.5%) who were PIM users and non-users, respectively, had LTC grades 1–2 (with high dependence) (p < .001) (Table 1).
[image: Figure 1]FIGURE 1 | Flowchart for patient seletion. LTC, long-term care; LTCF, long-term care facility.
TABLE 1 | Baseline characteristics of included long–term care facility residents in this study.
[image: Table 1]Healthcare utilization and PIM use according to the LTC grade are shown in Table 2. Residents with LTC grades 3–5 had more outpatient visits, number of medical institutions visited, and prescriptions, compared to residents with LTC grade 1–2 (no. of outpatient visits 20.5 vs. 22.3, p < .001; no. of medical institutions visited 2.4 vs. 3.0, p < .001; and no. of outpatient visits 19.5 vs. 22.5, p < .001, respectively). Nevertheless, 74.9% and 85.2% of residents with LTC grade 1–2 and LTC grade 3–5 were PIM users, respectively (p < .001). The number of prescriptions with PIM and the prescription period for PIM use in LTC grade 3–5 resident PIM users were significantly higher than those in LTC grade 1–2 resident PIM users (no. of prescriptions 12.4 vs. 10.5, p < .001 and prescription period of PIM 250.5 vs. 215.8, p < .001, respectively).
TABLE 2 | Healthcare utilization and potentially inappropriate medication use according to the LTC grade.
[image: Table 2]The PIM prescribed most frequently to LTCF residents was quetiapine (22.8%), followed by chlorpheniramine (13.8%), and zolpidem (7.1%; Table 3). The top three PIM medications were the same regardless of LTC grade. No difference was found between the two groups in terms of the composition of the top ten PIMs within the different rankings.
TABLE 3 | Top 10 potentially inappropriate medications according to the LTC grade.
[image: Table 3]Table 4 shows the risk factors associated with the use of PIM. The older age group had a lower likelihood of PIM use than the group with individuals aged 65–74 years (Additional information of the model was reported in Supplementary Table S2). Medical aid beneficiaries and residents with mental disorders, including dementia, were associated with a higher likelihood of PIM use. LTC grade 3–5 was significantly associated with PIM use (odds ratio: 1.49, 95% CI: 1.32–1.68). As the number of medical institutions visited and medications increased, the likelihood of PIM prescriptions increased. The characteristics related to LTC, such as length of stay in LTCF, duration of LTCI, ownership type of LTCF, number of contracted physicians in LTCF, and bed capacity of LTCF, were not significantly affected by PIM use.
TABLE 4 | Risk factors of potentially inappropriate medication use in long-term care facility residents.
[image: Table 4]4 DISCUSSION
Most LTCF residents were vulnerable to PIM exposure. PIM users visited physicians more, visited various medical institutions, received more prescriptions, and took more medications than PIM non-users. Our results show that PIM use by LTCF residents in Korea (81.6%) was high. The high prevalence of PIM could be explained by differences in PIM criteria and population characteristics. The PIMs of the Beers criteria have been expanded as the criteria were revised (American Geriatrics Society Beers Criteria Update Expert Panel, 2012; American Geriatrics Society Beers Criteria Update Expert Panel et al., 2015). According to a systematic review (SR) reporting the range of PIM prevalence in LTCF, the PIM prevalence in the study using Beers 2012 criteria (58.2%–82.6%) was higher than that reported in studies using Beers pre-2012 criteria (18.5%–50.3%) (Storms et al., 2017). In addition, a recent study using Beers 2019 reported a 90.8% prevalence of PIM in nursing home residents (Díez et al., 2022). The prevalence of PIM use among older adults in Asian countries is relatively high. The prevalence of PIM was reported to be 66.7%–72.5% among older Chinese adults (Yang et al., 2015; Li et al., 2017), 77.2%–78.4% among older Japanese adults (Komagamine and Hagane, 2017; Komagamine et al., 2018), and 70.3%–81.0% among older Korean adults (Kim et al., 2016; Nam et al., 2016; Jang et al., 2021). One possible reason for the high prevalence of PIM was polypharmacy, which was associated with PIM according to the SR of PIM predictors (Tommelein et al., 2015). Asian countries have a cultural preference for medicines (Lo et al., 1994; Bates et al., 1995).
Furthermore, the risk of exposure to PIM is associated with the LTC grade, which indicates the degree of dependence in daily life. Residents with LTC grades 3–5 (low dependence) visited various medical centers and had more frequent outpatient visits and prescriptions than those with LTC grades 1 or 2 (high dependence). One possible explanation is that residents with low dependence could voluntarily use medical services more than those with high dependence. For LTCF residents in Korea, outpatient care can be received by a physician contracted with an LTCF; however, visiting an external medical institution, depending on the residents’ choices, is also possible. A previous study on LTCI beneficiaries in Korea reported similar results: those with low dependence (i.e., higher grades in social LTCI) had more outpatient visits, medications, and prescription days (Kang et al., 2021). The deprescribing effort for patients with limited life expectancy could also be an explanation. Deprescribing is an effort to reduce and manage inappropriate polypharmacy in older patients, which is more emphasized in frail older patients (Thompson and Farrell, 2013). According to a study that reported the cause of deprescribing according to physician specialties, the first reason for deprescribing by geriatricians was the limited benefit given the limited lifespan. This was different from the most common cause of deprescribing in other specialties such as ADRs (Goyal et al., 2020). Also, most patients and caregivers (77.6% and 76.4%, respectively) in Korea wanted to reduce the number of medications (Lee et al., 2022).
The factors associated with PIM use were sex; age; the beneficiaries of Medical Aid; number of medical institutions used; number of medications (or polypharmacy); and presence of dementia, mental disorders, or osteoarthritis, in line with previous studies (Vieira de Lima et al., 2013; Chang et al., 2014; Almeida et al., 2019; Moreira et al., 2020; Roux et al., 2020). Furthermore, we confirmed that residents with low dependence had a higher likelihood of PIM use. Hwang et al. showed that patients with low dependence (i.e., higher LTCI grade) had a higher likelihood of PIM use among older adults living in LTCF; however, this study was conducted for only 20 LTCFs (Hwang et al., 2015). Among overall senior patients, frail senior citizens (such as LTCF residents) are more likely to receive PIM prescriptions than normal senior citizens (Arnoldo et al., 2016; Maclagan et al., 2017); however, our results indicate that PIM use could be low in the frailer senior citizens among LTCF residents. Contrary to the private LTCFs, which exhibited a pattern of more PIM use than public LTCFs in a previous study (Liew et al., 2019), the characteristics of LTCF, such as ownership type, bed capacity, and the number of contracted physicians, were not associated with PIM use. As most LTCFs in Korea are for-profit facilities operated by corporations and private companies (95.3%), the insignificant effect of LTCF setting could be partially explained.
This study has several limitations. First, owing to the characteristics of the claims data, actual medication use could not be confirmed. However, given that the study participants inhabited LTCF, the difference between prescription information and actual medication intake may be minimal. Second, due to the lack of clinical data and absence of medical charts, the reasons for prescribing were not available. Therefore, we could not determine whether the physician decided that the benefits outweighed the risks of PIM use. Third, because the longitudinal cohort (KNHIS-SC DB) was constructed with patients in 2008, the included patients might have been older than the general aged population in Korea as LTCF residents in 2018. Considering the change in criteria for the LTC needs level in 2018 and the latest data on medication use, 2018 was selected as the study year, instead of the year when the cohort was constructed (2008).
5 CONCLUSION
The effective and safe use of medicine, particularly for frail older adults, such as LTCF residents, is crucial. We found most LTCF residents to be vulnerable to PIM exposure. Furthermore, exposure to PIMs is associated with LTC needs (i.e., LTC grade). Among the residents of LTCF, those with low LTC needs had more outpatient visits, medications, and PIM use. We should consider LTC and medical needs to optimize medications for senior LTCF residents. This result highlights the need for comprehensive medication management in LTCF residents.
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