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Background: Polypharmacy has become a global health problem and is associated with adverse health outcomes in the elderly. This study evaluated the prevalence of polypharmacy and hyper-polypharmacy in elderly patients in South Korea during 2010–2019.
Methods: We analyzed the outpatient care of persons aged ≥65 years covered by National Health Insurance (NHI) using NHI claims data from 2010 to 2019. Polypharmacy was defined as the use of ≥5 medications, and hyper-polypharmacy was defined as the use of ≥10 medications, and we examined them over periods of ≥90 days and ≥180 days. The average annual percent change (AAPC) was calculated using Joinpoint statistical software.
Results: The prevalence of polypharmacy among ≥90 days of medication use elderly decreased from 42.5% in 2010 to 41.8% in 2019, and the prevalence of hyper-polypharmacy for ≥90 days increased from 10.4% to 14.4%. The prevalence of polypharmacy for ≥180 days increased from 37.8% in 2010 to 38.1% in 2019, and the prevalence of hyper-polypharmacy for ≥180 days increased from 6.4% to 9.4%. The prevalence of polypharmacy for ≥90 days and ≥180 days steadily increased among elderly patients, with AAPCs of 3.7 and 4.5, respectively.
Conclusion: The prevalence of polypharmacy for ≥90 days and ≥180 days remained stably high, with rates of about 42 and 38%, respectively, and hyper-polypharmacy increased over the past 10 years in South Korea. Therefore, strategies to address polypharmacy need to be implemented. Further research is also required to identify the clinical outcomes (including mortality risks) associated with polypharmacy.
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INTRODUCTION
South Korea is the most rapidly aging country of the Organization for Economic Co-operation and Development (OECD) (OECD, 2021). As of 2020, 15.7% of the population consists of seniors aged 65 years or older, and the proportion is expected to increase to 43.9% by 2060 (Statistics Korea, 2020). Compared to other age groups, older adults more often have multimorbidity and more frequently use medical services (Barnett et al., 2012). Thus, they are more likely to routinely visit multiple medical institutions simultaneously and are thus more vulnerable to drug-related problems such as polypharmacy, the use of inappropriate medications, and adverse drug reactions (Barnett et al., 2012).
Polypharmacy refers to the concurrent use of multiple medications. Despite the lack of a clear universal definition, polypharmacy is often defined as the routine use of 5 or more medications according to the World Health Organization (WHO, 2019). A recent systematic review on definitions of polypharmacy showed that 46.4% of studies used a numerical definition, such as 5 or more medications or 10 or more medications (Masnoon et al., 2017). However, this is a relatively simple definition of polypharmacy, and using only the number of medications could make it difficult to evaluate appropriate polypharmacy (rational prescribing of multiple drugs based on the best available evidence and considering the individual patient context) (Masnoon et al., 2017). Other studies have defined polypharmacy as the prescription of at least 1 medication that is clinically inappropriate or offers no additional benefit (Colley and Lucas, 1993; Carlson, 1996; Chumney and Robinson, 2006). In that sense, it is also necessary to consider the possibility of drug overdoses, prescriptions for drugs that are not necessary, and the duration of mediation use (Colley and Lucas 1993; Carlson 1996; Chumney and Robinson 2006). Several systematic reviews reported that the adverse health outcomes of polypharmacy in older people include a decrease in patient compliance and an increased likelihood of drug-drug interactions and adverse drug reactions, which thereby increase the risk of hospitalization, additional medical expenses and death (Fried et al., 2014; O'Dwyer et al., 2016; Leelakanok et al., 2017; Ming and Zecevic, 2018; Al-Musawe et al., 2019; Katsimpris et al., 2019; Leelakanok and D'Cunha, 2019; Palmer et al., 2019; Davies et al., 2020).
Previous studies in various countries have shown that the prevalence of polypharmacy varied according to the healthcare service setting and definition. The prevalence of excessive polypharmacy or hyper-polypharmacy (10 or more medications) among the elderly was 5.8% in Scotland (Guthrie et al., 2015), 5.4% in Taiwan (Wang et al., 2018), 5.1% in Sweden (Zhang et al.,. 2020), and 1.3% in New Zealand (Nishtala and Salahudeen, 2015). According to previous literature, the prevalence of patients who had been simultaneously prescribed 5 or more medications ranged from 26 to 44% (Khezrian et al., 2020). The prevalence of polypharmacy (5 or more medications) among the elderly was 20.8% in Scotland (Guthrie et al., 2015), 19.1% for chronic polypharmacy within consecutive 6 months in Poland (Kardas et al., 2021), 41.2% in Switzerland (Blozik et al., 2018), 36.8% in the United States (Young et al., 2021), 28.7% in Japan (Mabuchi et al., 2020), and 19% in Sweden (Zhang et al., 2020).
In studies that reviewed the status of polypharmacy among seniors in South Korea, Kim et al., 2014 and Nam et al., 2016 reported that 86.4 and 65.2% of seniors had been prescribed 6 or more simultaneous drugs at least once in a single year (Kim et al., 2014; Nam et al., 2016), and Park et al., 2016 and Chang et al., 2020 reported that 44.1 and 46.6% of South Koreans aged 65 years or over were prescribed 5 or more medications (Park et al., 2016; Chang et al., 2020).
However, no studies have analyzed trends in polypharmacy by year across the entire population. Therefore, we aimed to analyze yearly trends in polypharmacy from 2010 to 2019 for the entire elderly population of South Korea. Furthermore, we distinguished between polypharmacy and hyper-polypharmacy for the analysis, based on both the number of medications taken and the duration of use.
METHODS
Data Source
We conducted a retrospective cohort study of the elderly population using the National Health Insurance (NHI) data.
The NHI data was the details for claims from medical institutions and then the Health Insurance Review & Assessment Service (HIRA) reviews these for payment. In Korea, the NHI covers 97% of the Korean population, and the claims data include patients’ demographic characteristics, as well as the diagnosis codes of diseases, the international non-proprietary names of drugs, the prescribed doses per day, and the days of therapies.
In the analysis, we used outpatient prescriptions from January 2010 to December 2019 from medical institutions including tertiary hospitals, secondary hospitals, general hospitals, nursing homes, clinics, and public health centers. In the case of people who had been admitted to hospitals, we included their outpatient prescriptions. The proportion of subject elderly patients was 95% of the total elderly population (total elderly population was 5,429,802 in 2010 and 8,018,762 in 2019).
Patient Population and Definition of Polypharmacy
The study population included all individuals aged 65 years or older, and all outpatient medical encounters of this population were used in the analysis. This study analyzed orally administered drugs that had been listed in the national health insurance benefits scheme between 1 January 2010, and 31 December 2019.
The outcome measures of this study were the number of patients with polypharmacy patients and the number of patients with hyper-polypharmacy patients according to their use of medication for ≥90 days and ≥180 days from 2010 to 2019. We differentiated between polypharmacy (being prescribed ≥5 or more drugs) and hyper-polypharmacy (being prescribed ≥10 drugs).
The number of active substances prescribed each day was determined for each patient unit over a period of 365 days. We calculated the number of medications with the same active substances regardless of dose or formulation, such as a tablet or sustained-release tablet. We classified a patient as experiencing continuous polypharmacy or hyper-polypharmacy if the total number of days of the patient’s multiple drug use (5 or more, 10 or more) was accumulative 90 or 180 in the same year. Thus, if a patient used 6 drugs for 50 days cumulatively in year t and 6 drugs for 95 days in year t+1, he or she would be classified into the non-polypharmacy group in year t and the continuous polypharmacy group in year t+1. In addition, if the treatment started in October and the prescription continued until March of the following year, the 3-months prescription in year t and the 3-months prescription in t+1 would be attributed to each separate year.
Statistical Analysis
A descriptive statistical analysis was performed. Differences in polypharmacy and hyper-polypharmacy across sex, age groups, and chronic diseases were examined between 2010 and 2019. In addition, to examine changes in the prevalence of polypharmacy and hyper-polypharmacy by year, Joinpoint regression analysis was performed. We calculated the annual percent change (APC) and average annual percent change (AAPC) using the proportion of people with polypharmacy to assess the temporal trends of polypharmacy and hyper-polypharmacy. The APC is a way to characterize trends in prevalence over time. To estimate the APC for a series of data, regression in a logarithmic scale model is used. The joinpoint model uses statistical criteria to determine when and how often the APC changes. Finding the joinpoint model that best fits the data allows us to determine how long the APC remained constant, and when it changed. The AAPC is a summary measure over a fixed pre-specified interval that makes it possible to use a single number to describe the average APCs over a period of multiple years (NIH).
The annual percent change (APC) was obtained for each trend line using the Joinpoint program developed by the National Cancer Institute of the United States, and the average APC (AAPC) value was obtained to assess the trend by year (Clegg et al., 2009). A p-value of <0.05 was considered to indicate statistical significance.
RESULTS
General Characteristics of Elderly Patients by Year
As shown in Table 1, from 2010 to 2019, the number of patients aged 65 years or older increased from 5.2 million in 2010 to 7.7 million in 2019. The proportion of patients aged 65–69 years was the highest, with 31.6% (2.4 million) in 2019, and the population aged 85 years or older more than doubled from 0.3 million in 2010 to 0.7 million in 2019, showing the largest increase. There were more women than men, and the number of patients aged 85 years or older gradually increased, reflecting the aging of South Korea’s population. Although the proportion of women among the elderly was higher (56.9% in 2019), the annual increase rate was 6.49% for men, which was higher than that of 4.64% for women.
TABLE 1 | General characteristics of elderly patients with outpatient prescriptions.
[image: Table 1]The number of patients with hypertension was the highest (3.8 million in 2019), followed by musculoskeletal diseases (3.2 million in 2019). The proportion of patients with dementia showed the largest increase from 5.1% in 2010 to 12.3% in 2019, and the annual rate of increase was the highest (28.94%), followed by chronic renal failure, the prevalence of which increased from 1.0% in 2010 to 2.4% in 2019, with an annual increase rate of 28.11%, and hyperlipidemia (the prevalence of which increased significantly from 16.6% in 2010 to 31.9% in 2019, with an annual increase rate of 20.69%). Meanwhile, the percentage of patients with gastric ulcers/gastroesophageal reflux disease decreased from 17.3 to 11.7%.
An overall increasing trend was found in the number of outpatient care visits, outpatient care spending, prescription days, and prescription spending of patients aged 65 years or older. The number of outpatient visits increased from 28.4 days in 2010 to 31 days in 2013 and then slightly decreased. The outpatient care spending per patient steadily increased, while the number of prescription medications per day declined in 2011 and increased slightly from 4.7 in 2010 to 4.9 in 2019. The outpatient care spending per patient increased during 2010–2019, whereas the prescription spending per patient decreased between 2012 and 2014 and thereafter increased.
Annual Prevalence of Polypharmacy in Elderly Patients
As shown in Table 2, the prevalence was approximately 41.8% for ≥90-days polypharmacy and approximately 14.4% for ≥90-days hyper-polypharmacy in 2019. The prevalence was approximately 38.1% for ≥180-days polypharmacy and approximately 9.4% for ≥180-days hyper-polypharmacy.
TABLE 2 | The trend of the prevalence of polypharmacy and hyper-polypharmacy among the elderly patients prescribed ≥90 and ≥180 days in 2010–2019 period.
[image: Table 2]Figure 1 shows the AAPCs in the trends of the prevalence of polypharmacy and hyper-polypharmacy. Among the elderly with prescriptions for over 90 days, there was a significantly decreasing trend in polypharmacy from 2010 to 2015. But there were no notable changes after 2015, and the AAPC for 2010 to 2019 was −0.2, indicating a decreasing trend in polypharmacy. Meanwhile, the rate of hyper-polypharmacy continued to increase, with an AAPC of 3.7. Specifically, the rate of hyper-polypharmacy increased more rapidly from 2016 to 2019 than it did from 2010 to 2016.
[image: Figure 1]FIGURE 1 | The trend of the prevalence of polypharmacy and hyper-polypharmacy among the elderly prescribed ≥90 days and ≥180 days from 2010 to 2019. APC: Annual percent change, CI, confidence interval.
In case of the 180-days polypharmacy, there was a significantly decreasing trend in polypharmacy from 2010 to 2015, but there was an increasing trend after 2015. The AAPC for 2010 to 2019 was 0.1, but it was not significant given the large change in the trend. In contrast, hyper-polypharmacy continued to increase, with an AAPC of 4.5.
The Prevalence of Polypharmacy by Subgroup
Figures 2, 3 show the proportions of polypharmacy and hyper-polypharmacy for ≥90 days and ≥180 days among older adults with medication use. Polypharmacy for ≥90 days decreased among both men and women, while ≥180-days polypharmacy slightly increased in men. Both ≥90-days and ≥180-days hyper-polypharmacy increased in men and women. Among the elderly who received prescriptions more than 90 days and for more than 180 days, polypharmacy (use of 5 or more medications) gradually decreased in other age groups, but increased in those aged 80–84 years, and showed a sharp increase in those aged 85 years and older. Hyper-polypharmacy (use of 10 or more medications) decreased among those aged 65–69 years, increased sharply in those aged 70 years and older, and nearly doubled in those aged 85 years and older. In addition, hyper-polypharmacy sharply increased among those aged 85 years or older.
[image: Figure 2]FIGURE 2 | The proportion of polypharmacy and hyper-polypharmacy among ≥90 days use elderly by sex and age group (A, C) Polypharmacy, (B, D) Hyper-polypharmacy).
[image: Figure 3]FIGURE 3 | The proportion of polypharmacy and hyper-polypharmacy among ≥180 days use elderly by sex and age group (A, C): Polypharmacy, (B, D): Hyper-polypharmacy).
DISCUSSION
To our knowledge, this is the first population-level study conducted in South Korea targeting the entire elderly population that received prescriptions in the outpatient settings to investigate the 10-years trend of polypharmacy and hyper-polypharmacy among the elderly. Notably, in our study, we considered the number of medications prescribed and the duration for which the medications were taken when defining polypharmacy.
In our study, the prevalence of polypharmacy and hyper-polypharmacy in the elderly was 41.8 and 14.4%, respectively, for ≥90 days, and 38.1 and 9.4%, respectively, for ≥180 days. These results for polypharmacy are similar or higher to those of previous studies, which found that 26–44% of the elderly patients had taken 5 or more medications (Payne et al., 2014; Guthrie et al., 2015; Page et al., 2019; Khezrian et al.. 2020; Mabuchi et al., 2020; Zhang et al., 2020; Kardas et al., 2021; Kardas et al., 2021; Young et al., 2021) and the polypharmacy prevalence in community-dwelling older adults ranged from 7 to 45% (Hsu et al., 2021). The prevalence of hyper-polypharmacy was higher than those reported by other studies (Guthrie et al., 2015; Nishtala and Salahudeen. 2015; Wang et al., 2018; Zhang et al., 2020). However, previous studies conducted in South Korea reported a wide range (44.1–86.4%) of the proportion of individuals aged 65 years or over who were prescribed 5 or more medications (Kim et al., 2014; Nam et al., 2016; Park et al., 2016; Chang et al., 2020). The difference may be because the current study considered both the days of therapy and the number of medications simultaneously, whereas two other studies defined polypharmacy as being prescribed 6 or more drugs at least once in a single year (Kim et al., 2014; Nam et al., 2016).
Second, among the elderly who received prescriptions for more than 90 or 180 days, polypharmacy and hyper-polypharmacy showed a sharp increase in those aged 85 years and older. Due to population aging, the use of multiple drugs in those aged 85 years or older is showing a rapid increase. Polypharmacy fluctuated by year, but hyper-polypharmacy continued to increase. Among the elderly who had prescriptions for more than 180 days, the proportion of men with polypharmacy increased after 2016 compared to women. Since 2016, the NHI benefit scheme has been expanded for four diseases (cardiovascular and cerebrovascular diseases, cancer, and rare diseases) and the number of prescription medicines increased because medicines that were previously not covered were included under NHI benefits.
Third, the previous studies reported that age, number of drugs at admission, hypertension, ischemic heart disease, heart failure, and chronic obstructive pulmonary disease were independently associated with polypharmacy (Nobili et al., 2011). In the current study, most chronic diseases increased yearly except gastric ulcer/gastroesophageal reflux disease. Through this study, we present empirical evidence that the increase in life expectancy has led to an increase in the use of multiple drugs. The medication safety is an important factor that must be considered when treating the older population, particularly those vulnerable to polypharmacy (Avery et al., 2012), and integrated patient-centered management should be implemented.
In addition, we found that the number of outpatient visits and the outpatient care spending per patient steadily increased, whereas the prescription spending per patient decreased between 2012 and 2014 and then increased thereafter. The temporary reduction of prescription spending per patient during 2012–2014 occurred due to the drug price regulation policy implemented from April 2012 to December 2014 which decrease the price of the already listed generic medicines.
To the best of our knowledge, the current study investigated the overall annual changes in polypharmacy and hyper-polypharmacy considering the duration of therapy among the elderly population in South Korea using NHIS claims data. The NHIS reimburses medical institutions on a fee-for-service basis, and the average number of doctor consultations per person was 17.2 visits in 2019, which is the highest rate of medical service usage among all other OECD countries (with an average of 6.6 visits across 33 countries) (OECD 2021).
Also due to the high access to NHI and high healthcare utilization in the Korean medical settings, even mild diseases such as the common cold are treated at medical institutions in South Korea, therefore it is a strength that most drugs prescribed to patients were likely included in the analysis. Furthermore, in this study, all injuries and diseases claimed per patient visit were collected for each patient to identify the presence or absence of injuries and diseases in the subjects. Since all major and minor injuries and diseases experienced by patients over a period of 1 year were included, it can be assumed that all chronic diseases experienced by patients were included. In addition, we attempted to analyze polypharmacy using multiple criteria by conducting a subgroup analysis according to the duration for which medications were taken (≥90 and ≥180 days), and the average number of medications patients took on a daily basis (5 or more and 10 or more medications) during a 1-year period.
Nevertheless, this study has the following limitations. First, since only outpatient injuries and diseases and outpatient prescription records were analyzed, longer-term hospitalization were not included in the analysis. Therefore, the prevalence of polypharmacy was calculated by summing the number of outpatient prescription drugs, excluding drugs administered in an inpatient setting. Since the current study only included the number of outpatient prescriptions, including the number of drugs received during hospitalization would cause the number of drugs actually taken to increase. Second, the analysis was based only on claims data; therefore, we cannot rule out the possibility that some patients did not take the medications prescribed to them. This is likely due to the unique fee-for-service system of South Korea, in which each medication is prescribed by a separate doctor, thereby resulting in frequent overlap in prescriptions for gastrointestinal protective agents and anti-inflammatory drugs. Third, in the current study, polypharmacy was defined based on a numerical definition. Although polypharmacy can be appropriate, the fact that we could not distinguish between appropriate and inappropriate polypharmacy is a limitation of this study. Lastly, since injections are used for a short time and the dose of topical treatments is not high, this study was limited to oral drugs, as in previous studies (Fincke et al., 2005; Chang et al., 2020). Moreover, polypharmacy represents a less-than-desirable state with duplicative medications, drug-to-drug interactions, and inadequate attention to pharmacokinetic and pharmacodynamic principles (Monane, Monane et al., 1997). Thus, complications due to polypharmacy include increased adverse drug reactions and noncompliance (Colley and Lucas 1993).
In conclusion, we investigated annual changes in polypharmacy and hyper-polypharmacy over a period of 10 years using population-level health insurance claims data. As demonstrated in our study, the magnitude of hyper-polypharmacy continued to increase over time, while the prevalence of polypharmacy maintained high rates of about 40%; therefore, it is necessary to establish policy strategies to address polypharmacy. Further studies are also required to identify the clinical outcomes (including mortality risks) associated with polypharmacy.
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