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Abstract

:

Physical activity and exercise participation among older adults have decreased dramatically because of the physical distancing measures implemented to prevent the spread of COVID-19. However, even in the face of unforeseen environmental changes, physical activity and exercise for older adults must be sustainable. This study aimed to identify the influencing physical activity and exercise participation among older adults in 2020 when varying levels of quarantine were in place as a protective measure against the COVID-19 pandemic to build a foundation for sustainable older adult health strategies. We utilized a large-scale dataset from the 2020 National Survey of Older Koreans conducted in 2020. Twenty survey questions were used as predictors, and logistic regression and decision tree analyses were utilized to identify influencing factors. Through a logistic regression analysis, 16 factors influencing exercise participation were identified. Additionally, through a decision tree analysis, 7 factors that influence exercise participation and 8 rules were derived through a combination of these factors. According to the results of this study, the use of ICT technologies, such as ‘smartphone or tablet PC’, can be a useful tool to maintain or promote physical activity and exercise by older adults in a situation like the COVID-19 pandemic. In conclusion, physical activity and exercise intervention strategies should be developed with comprehensive consideration of the influencing factors to ensure that physical activity and exercise among older adults can be sustained uninterrupted in the face of unforeseen circumstances, such as the COVID-19 pandemic.
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1. Introduction


Coronavirus disease (COVID-19), which began to spread in December 2019, reached Korea on 20 January 2020 and had spread across the country by 23 February 2020. On 11 March 2020, the World Health Organization (WHO) officially declared COVID-19 to be a global pandemic [1]. Shortly thereafter, several countries, including Korea, enacted mitigation strategies such as physical distancing, stay-at-home orders, and the closing of nonessential businesses to reduce the spread of virus [2]. Consequently, in almost all countries, nonessential government and private services were closed, and efforts to keep people at home intensified [3]. The implementation of these strategies reduced the transmission of COVID-19 but also changed daily life significantly, affecting normal activities such as PAEXP [4]. South Korea announced its first physical distancing policy to limit the operation of religious and sporting events, sports facilities, and entertainment facilities on 22 March 2020. It shifted to a more relaxed policy on 6 May 2020, before strengthening to a level 2.5 quarantine on 30 August. On 14 September 2020, the restrictions eased to a level 2 quarantine, and for six weeks, from 12 October to 22 November, restrictions eased to a level 1 quarantine, the lowest level [5]. In Korea, the level of social activity restrictions varied depending on the stage of physical distancing measures, but there were no national lockdown measures, and outdoor activities were requested to be restrained [6]. The policy was based on a distance of 2 m between people. Additionally, infected people were forced to stay at home for 14 days by stay-at-home orders. This policy lasted until 15 April 2022.



While physical distancing measures to prevent the spread of COVID-19 have mitigated the spread of the virus [4], activity restrictions due to long-term home stays have resulted in a sharp decline in ‘physical activity and exercise participation’ (PAEXP) [7]. The decline in PAEXP has been particularly remarkable among older adults. In South Korea, the PXEXP rate of adults aged 65 years and older decreased significantly from 68% in 2017 (n = 10,299) to 53.7% in 2020 (n = 10,097) [8,9]. Japan also reported that the level of physical activity in older adults aged 65–84 years (n = 1600) decreased by approximately 65 min per week compared to that before the COVID-19 pandemic [10]. In France, during the COVID-19 confinement period, 39.2% of individuals aged 65 years and older (n = 1178) reported a decrease in their level of physical activity [11]. In a multinational (14 countries) study investigating the effects of pandemic-related confinement on physical activity levels, adults aged 70 years and older showed greater decreases in physical activity compared to other age groups [12]. Considering that PAEXP and a lack of opportunities to engage in PAEXP are important factors in the development of chronic diseases and all-cause deaths in older adults [13], restricting activities due to confinement measures will negatively affect the health of older individuals moving forward [14].



The benefits of PAEXP in the older adult population are indisputable. PAEXP in older adults helps them to not only properly respond to negative changes related to aging by maintaining and improving physical abilities [15] but also to slow the deterioration of mental health, which is a concern in the older adult population [16]. It also has a positive effect in that it provides opportunities for social contact or the maintenance of continuous social contact [17] and is highly effective in preventing the onset, or reducing the severity of, many chronic diseases that are prevalent among older adults [18]. In other words, PAEXP is essential for maintaining the physiological, psychological, and social health of older adults and improving their quality of life [19]. Despite restrictions due to COVID-19 measures, there is a need for effective intervention strategies to promote and maintain an active state among older adults.



A basic and important task is to identify the factors influencing the preparation of effective intervention strategies to promote PAEXP in older adults. Accordingly, numerous studies have explored the factors affecting PAEXP in older adults. Previous research has reported various factors impacting PAEXP in older adults, including sociodemographic characteristics, health-related factors, functional status, economic status, social factors, and physical environments. The following factors were reported to affect PAEXP in older adults: age [13], gender [20], residence [21] marital status [22], and educational level [23] for sociodemographic characteristics; chronic diseases [24], smoking [25], nutritional status [26], body mass index [27], depression [28], and health status [29] for health-related factors; functional limitations [30] and physical function [31] for functional status; working status [25] and household income [32] for economic status; family support [33], support from friends and neighbors [34], social participation [29], and social network contacts [17] for social factors; and proximity to parks and trails [35] and accessibility of pedestrian infrastructure and facilities [36] for physical environments.



The spread of COVID-19 and subsequent confinement measures have dramatically altered the environment for PAEXP. Factors influencing PAEXP may have changed during the COVID-19 pandemic, and these changes can aggravate the prevalent lack of physical activity and motivation to exercise among older adults. Information on the factors influencing PAEXP in older adults should be updated based on the COVID-19 pandemic. However, studies on the factors influencing PAEXP in older adults during the COVID-19 pandemic have not been actively conducted. Although a study analyzing the correlation between physical activity and household variables in children aged under 13 years [37] and another analyzing the effects of components of the COM (capability, opportunity, and motivation)-B (changing behavior) model on physical activity in adults aged 18 years and older [14] have been conducted, there have been no studies involving older adults, who are known to be the most vulnerable to quarantine measures due to COVID-19. To devise a public health strategy that allows older adults to participate in PAEXP continuously without interruption, it is necessary to systematize their knowledge of the determinants of PAEXP during the COVID-19 period.



Therefore, this study aimed to identify factors related to PAEXP participation in older adults during a COVID-19 lockdown. In addition, given that COVID-19 is ongoing and that unpredictable circumstances, such as other pandemics, may occur frequently in the future, discussions on PAEXP in older adults in the COVID-19 environment are essential to devise a sustainable older adult health strategy. Therefore, this study set 2020, the COVID-19 pandemic period, as the time range and utilized large quantities of data from the 2020 National Survey of Older Koreans. Moreover, 18 variables related to PAEXP in older adults, which are well known through previous studies, and two new variables (the number of rooms and smartphone or tablet PC using), which are expected to affect PAEXP considering the COVID-19 pandemic environment were set as predictors, and logistic regression and decision tree analyses were performed.




2. Related Works


The COVID-19 lockdown led to a decrease in PAEXP, not only among older adults in Korea, but among all age groups. The rate of decrease in PAEXP in adults in their 30s was the highest at 11.7%, followed by 8.9% for those in their 40s, 8.2% for those in their 20s, and 6.9% for those in their 60s. On the other hand, in teenagers, PAEXP increased by 2% [38]. PAEXP showed the largest decrease in those aged in their 20s, 30s, and 40s, which are the age groups who are most active in social activities. These results are in line with Meyer et al. [39]’s findings that PAEXP in young adults (ages 18–34) in the United States decreased and sitting time increased significantly compared to that of older adults (Figure 1).



Wilke et al. [12] surveyed 13,503 people in 14 countries about the decline in PAEXP. Their finding was that the amount of habitual movement declined by 41% and 42% for moderate-to-vigorous PAEXP and vigorous PAEXP, respectively [12]. Maugeri et al. [40], who surveyed 2524 Italians about their reduction in PAEXP before and after COVID-19 confinement, showed a significant reduction in total energy expenditure through weekly PAEXP by older adults in Italy. Qin et al. [41] reported a decrease in PAEXP in nearly 60% of the subjects in a study of 12,107 Chinese people aged 18 to 80. Although there have been cases of increased PAEXP despite COVID-19 lockdowns in certain groups, many studies have shown a decrease in PAEXP in all age groups in general.



Did the PAEXP of older adults decrease during the COVID-19 lockdown? In addition, it is important to review the results of previous studies on factors that promote PAEXP in older adults. Previous studies on this show conflicting results. Several previous studies [42] have reported that the PAEXP of older adults decreased during the first three months of the COVID-19 lockdown. Lefferts et al. [42] studied the effect of the COVID-19 pandemic on PAEXP and sedentary behavior in 387 older adults. The study reported that aerobic exercise, muscle-strengthening physical activities, and walking decreased in the older adults, and time spent sitting at home increased during the first three months of the pandemic, although sitting time at home and both physical activity and sedentary behaviors returned to prepandemic levels after a year. According to a survey by Yang and Koenigstorfer [43], US residents’ PAEXP levels decreased by 18.2% during the COVID-19 lockdown, and PAEXP decreased less when apps were used frequently. Pombo et al. (2020) [3] reported that children’s PAEXP decreased during the COVID-19 lockdown. Additionally, it was reported that having at least one adult who was free from working, other children in the household, and a big outdoor space were significant positive factors for the PAEXP level.



In contrast, Spence et al. [14] surveyed 1521 UK adults on the effects of demographic information and psychological factors on PAEXP, and 57% of the subjects answered that they maintained or increased their PAEXP level during the COVID-19 lockdown. The study concluded that UK adults would be willing to engage in PAEXP during lockdown if they had physical opportunities and motivation.




3. Methods


3.1. Data


This study was a secondary data analysis of the 2020 National Survey of Older Koreans (NSOK) conducted by the Ministry of Health and Welfare and the Korea Institute for Health and Social Affairs of South Korea. The 2020 NSOK is a large-scale survey that has been conducted every three years since 2008 to provide the basic data necessary for the establishment of policies for older adults in South Korea [9]. As of 2020, the target population of the 2020 NSOK has included people aged 65 years and older living in standard residential facilities or premises in 17 metropolitan cities and provinces across South Korea. Sampling framing was based on the 2018 population and housing census; samples were extracted according to stratified cluster random sampling and distributed according to the square root proportion according to the number of older adults in each region [9]. The survey was conducted as face-to-face interviews using the TAPI (tablet PC assisted personal interview) method during the 14 September–20 November 2020 period, and a total of 10,097 older adults aged 65 or older participated. According to NSOK 2020, the same face-to-face survey was conducted despite the COVID-19 pandemic due to the vastness of the survey volume, considering the health and literacy of older adults, and the connection with the previous survey. In consideration of COVID-19 quarantine rules, surveyors and subjects observed safety conditions. All 169 surveyors were required to wear sanitary caps on masks before the survey (double quarantine), spray disinfectant during home visits, and carry out tablet PC disinfection before the survey [9]. The 2020 NSOK included 186 questions covering ten survey items to gain a better understanding of the various characteristics of older adults. The survey items were as follows: general characteristics, financial status, family and social relations, exchange of help between family members, health condition and health behavior, functional status and nursing care, cognitive function, economic activities, leisure and social activities, living environment, and life in old age [9].




3.2. Subjects


The participants of this study were 9920 out of the total of 10,097 participants in the NSOK 2020, excluding 177 participants who responded by proxy. The reason for the proxy responses was when an older adult’s family responded on behalf of the older adult due to mental instability, senility, or illness of the older adult. Proxy responses were excluded from this study, because the accuracy of these responses was not certain. The age ranges of the subjects were 65–69 years old (35.4%), 70–74 years old (24.9%), 75–79 years old (19.7%), 80–84 years old (13.9%), and 85 years of age or older (6.1%). Older female adults accounted for 60% of the total, and older adults living in urban areas made up 71.5% of the total. Approximately 59% of the surveyed older adults were married. Regarding the educational level, elementary school graduation was the highest at 33.4%, followed by high school at 26.8%, middle school at 23.5%, uneducated at 11.3%, and beyond college at 5.1%.




3.3. Measurement


Physical activity and exercise are terms that describe different concepts; however, their meanings are often confused and used interchangeably [44]. In South Korea, these terms are used academically as different concepts and have similar meanings without a clear distinction. However, in everyday language, the term “exercise” is used interchangeably with physical activity [45]. The questionnaire used in this study also asked whether the participants exercised daily as one of the health type categories. However, it is difficult to clearly define the concept to be measured because it does not provide criteria that can clearly distinguish between physical activity and exercise. It is also difficult to find strong evidence of differences in the factors influencing PAEXP. Therefore, in the present study, PAEXP was operationally defined using similar concepts and the discussion proceeded.



The target variable was PAEXP, and this was based on the following survey question: “Do you PAEXP regularly?” PAEXP refers to all movement, including sports, exercise and brisk walking, wheeling, cycling, active recreation, and play and can be done at any level of skill. There were two possible responses: yes and no. The recommended level of PAEXP by the Ministry of Health and Welfare in Korea is a total of more than 150 min per week.



The predictor variables included sociodemographic, economic, and health-related factors, functional status, social factors, physical environments, and other variables expected to influence PAEXP during the COVID-19 lockdown. Under COVID-19 quarantine conditions, the presence of large spaces in the home has been related to PAEXP [3,46]. Therefore, we used the number of rooms as a measure of household variables. In addition, the demand for home training via wireless devices or internet technology increased during the COVID-19 pandemic when contactless living became the norm [47]. Thus, we measured smartphone or tablet PC using as a technology variable, assuming that older adults’ use of wireless devices or Internet technology affected their PAEXP.



The sociodemographic factors included age, gender, marital status, educational level, and residential area. Age was categorized into groups of 65–69, 70–74, 75–79, 80–84, and 85 years or more. Marital status was dichotomized into married and nonmarried (never married, widowed, divorced, or separated), and educational level was categorized into uneducated, elementary school, middle school, high school, and beyond college. The participants were male and female, and the residential areas were urban and rural.



The economic factors included paid work and household income. Paid work was based on the following question in the survey: “Do you currently have a job that pays you?” The response options were yes or no. Household income was categorized into three categories: ≤9.03 million won (~6800 US dollars), ≤27.08 million won (~20,400 US dollars), and >27.08 million won. The cutoff point for the category was the income corresponding to 50% and 150% of the median income, and the income class was divided based on this [48].



Health-related factors included the number of chronic diseases, smoking status, nutritional status, body mass index, depression, and health status. The number of chronic diseases was based on a question asking respondents to identify any disease that had lasted three months or more and had been diagnosed by a doctor from a list of 32 diseases. The total number of chronic diseases was categorized into three or more, one to two, and zero. Smoking was based on a question asking whether the individual currently smoked, and the response options were yes or no. Nutritional status was measured using the “Determine Your Nutritional Health Checklist” developed by the Nutrition Screening Initiative [49]. This checklist contains ten items (response options: yes or no) that inquire about the state of nutritional management in the past month. Scores were summed by weighting according to the response value, and based on this, they were categorized into good (0–2 points), moderate risk (3–5 points), and high risk (more than 6 points). Body mass index (BMI; kg/m2) was calculated using self-reported height and weight values, and participants were then categorized as underweight (BMI < 18.5 kg/m2), normal weight (BMI between 18.5 and 24.9 kg/m2), overweight (BMI between 25.0 and 29.9 kg/m2), or obese (BMI ≥ 30 kg/m2) [50]. Depression was measured using the Korean version of the short form of the geriatric depression scale [51,52]. This scale has 15 questions (response options: yes or no), and scores range from 0 to 15 according to the response values. A score of 8 or higher was classified as depression and categorized as yes or no. Health status was based on the following survey question: “How do you feel about your health in general?” The responses were categorized into three groups: unhealthy, neither healthy nor unhealthy, and healthy.



Functional status included functional limitations and physical function. Functional limitations were measured using the Korean versions of the activities of daily living (ADL) and instrumental activities of daily living (IADL) scales [53]. The Korean version of the ADL assesses whether the participant has needed help with each of the following seven activities in the past week: dressing, washing face, brushing teeth and washing hair, taking a bath, eating food, getting up and walking across the room, using the toilet, and holding bowel movements and bladder. The Korean version of the IADL assesses whether the participant has needed help with each of the following ten activities in the past week: personal grooming, performing household chores, preparing meals, doing laundry, purchasing goods, making and receiving calls, taking medications on time, managing money, going out for a short walk, and using transportation. Through the evaluation of ADL and IADL, if help was needed for any one activity, the participant was categorized as having a functional limitation (yes); if no help was needed, the participant was classified as having no functional limitation (no). Physical function was measured using the mobility scale as part of the physical functioning scale [54], which assesses the degree of difficulty in accomplishing each of the following five upper and lower body tasks: walking 400 m; walking up 10 steps without resting; stooping, crouching, or kneeling; reaching one’s head; lifting; or carrying a bag of rice (8 kg). The items were scored from 0 to 3, corresponding to the degree of difficulty in performing individual tasks (response options: not difficult at all = 0, 1 = a lot of difficulty, 2 = some difficulty, and 3 = none). The total score was obtained by adding the points collected for each item divided by 5 and then dividing the score by 3 and multiplying it by 100 to obtain a total score of 100, with higher scores indicating better mobility. This variable was categorized as Level 1 (≤60), Level 2 (≤86.67), or Level 3 (≤100) with respect to the total score.



Social factors included social participation and social network contact. Social participation was based on the survey question, “Have you been involved in club activities (club activities), social groups (class reunions, mutual aid meetings, etc.), or political and social groups in the last year?” The response options were yes or no. Social network contact was based on the survey question, “During the past year, how often have you communicated with friends, neighbors, or acquaintances (via phone calls, cell phone texts and instant messages, email, etc.)?” This variable was categorized as less than once per month, more than once per month, or more than once per week.



Physical environment was measured as the individual’s proximity to parks and trails based on the survey question, “How long does it take to go from the house where you live to the park where you can go for a walk or exercise?” This variable was categorized as within 10 min, 10–20 min, and more than 20 min.



The number of rooms and smartphone or tablet PC using are variables that reflect the quarantine situation due to COVID-19. We predicted that the presence of a room in which PAEXP could be performed while outside access was restricted would influence PAEXP. This assumption was based on the results of a previous study which showed that the larger the interior space, the higher the PAEXP [55]. We also predicted that the use of a virtual exercise program that uses new technology would influence PAEXP in the COVID-19 lockdown, during which virtual interactions became commonplace. This assumption was based on a previous study that reported a positive correlation between ICT use and PAEXP in the context of physical distancing caused by the COVID-19 pandemic [56,57]. The number of rooms was reported by participants, and this variable was categorized as one room, two rooms, three rooms, or more than three rooms. Smartphone or tablet PC using was based on a question asking whether the individual was currently using these devices, and the response options were yes and no.




3.4. Statistical Analysis


Chi-squared tests were used to explore participants’ characteristics and test the bivariate relationships between PAEXP and the independent variables. Statistical significance was set at a p-value of <0.05. Logistic regression and decision tree analyses were used to identify factors influencing PAEXP. Such analyses are widely used to identify predictors of dichotomous dependent variables [58].



Logistic regression is similar to linear regression, but it linearizes the model by performing a logit transformation on a dichotomous dependent variable [59]. This is an effective method for analyzing the effects of a set of independent variables on a response variable by quantifying the unique contribution of each independent variable [60].



A decision tree analyses the hierarchical influences of multiple independent variables on a response variable and displays them as a visual model [61]. Decision trees are composed of nodes and branches through splitting, stopping, and pruning steps. Algorithms such as chi-squared automatic interaction detection (CHAID), classification and regression tree (CART), and quick, unbiased, efficient, statistical tree (QUEST) are used to build tree models [62].



Logistic regression analysis is useful for determining how each independent variable affects the dependent variable, whereas the decision tree analysis is useful for determining relationships in the data by showing how important variables interact with each other [63].



In this study, we used a combination of both methods to effectively identify factors that influence PAEXP. For the logistic regression analysis, we used the “enter” variable selection method to enter all variables in the block at once. The goodness-of-fit of the model was assessed using the Hosmer–Lemeshow goodness-of-fit test, which is a popular method for assessing the goodness-of-fit of a logistic regression model, with a p-value > 0.05. interpreted as being a good fit. Statistical significance was set at a p-value of <0.05. The decision tree analysis was employed to build a tree model using the chi-squared automatic interaction detector (CHAID) algorithm, which performs multiple splits with a chi-squared test with a significance level of p = 0.05. This model was validated using split-sample validation, which randomized the ratio of training and validation data to 50:50.



For model estimation, the maximum number of iterations was set to 100, and the minimum change in the expected cell frequency was set to 0.05. The maximum tree depth was set to 3, with 100 minimum cases in the parent node and 50 minimum cases in the child node. Data analyses were performed using SPSS version 22 (IBM Corporation, Armonk, NY, USA).





4. Results


4.1. Subject Characteristics


The chi-squared test was conducted to confirm the difference in PAEXP according to sociodemographic information, and the results are shown in Table 1 below. The difference verification was conducted with a 95% confidence level (p < 0.05). The chi-squared test results shown in Table 1 show that 20 predictors (p < 0.05), excluding smoking (p > 0.05), had significant effects on PAEXP.



A total of 9920 subjects aged 65 years and older were included in the study, 4733 (47.7%) in the nonexercise group and 5187 (52.3%) in the exercise group, with a 4.6% difference in favor of the exercise group.



Regarding the predictors, both the exercise and nonexercise groups had higher percentages in the following categories: 65–69, female, married, urban area, paid work (yes), household income (≤2708.25), number of chronic diseases (1–2), smoking (no), nutritional status (good), BMI (normal weight), depression (no), healthy, functional limitations (no), social network contact (≥once a week), proximity to parks and trails (≤10 min), and 3 rooms or more.



In terms of educational level, the elementary school category (37%) had the highest rate in the nonexercise group, and the high school category (30.2%) had the highest rate in the exercise group.



In terms of physical ability, Level 1 (the lowest level of physical ability, 61.8%) had the highest rate in the nonexercise group, and Level 3 (the highest level of physical ability, 63%) had the highest rate in the exercise group.



In terms of social participation, the nonexercise group had a higher percentage of “no” responses (55.2%), and the exercise group had a higher percentage of “yes” responses (62.8%).



In terms of using a smartphone or tablet PC, the nonexercise group had a higher percentage of “no” responses (58.5%), and the exercise group had a higher percentage of “yes” responses (60.1%).




4.2. Results of the Logistic Regression Analysis


Table 2 shows the results of the logistic regression analysis. The model fit was adequate, with p = 0.133 in the Hosmer–Lemeshow tests.



Age, gender, educational level, residential area, paid work, household income, number of chronic diseases, smoking, nutritional status, depression, health status, functional limitation, physical function, social participation, social network contact, and smartphone and tablet PC use were significantly associated with PAEXP in the logistic regression analysis.



The effects of marital status, BMI, and proximity to parks and trails on PAEXP were insignificant in the 95% confidence interval. Although not shown here, the results of the backward stepwise regression were also consistent with the logistic regression results, showing insignificant (p > 0.05) effects of marital status, BMI, and proximity to parks and trails on PAEXP.



Compared to the 65–69-year-old group, the 70–74- and 75–79-year-old groups had 1.178 times and 1.201 times higher PAEXP levels, respectively. On the other hand, in the case of the group aged over 85 years, the PAEXP level was lower than that of the 65–59-year-old group. In other words, increased age does not simply decrease the PAEXP level. Many previous studies [64,65] have reported that the older group of older adults showed a lower PAEXP level than the younger group of older adults. Yasunaga et al. [64] investigated the association between age and the PAEXP level in 95 Japanese people. They showed a significant negative association between age and PAEXP. Their results were significantly greater in the 65–74-year-old group than in the 75–83-year-old group. Lohne-Seiler et al. [65] showed that PAEXP level differed considerably between the age groups, whereby the oldest adults (80–85 years) displayed a 50% lower PAEXP level compared to those in the youngest group (65–70 years).



Males had higher odds of participating in PAEXP than females. The odds ratio, for individuals with a level of education above college level participating in PAEXP was 1.731 times higher than that of the uneducated. However, an increase in educational level did not mean an increase in PAEXP.



Living in an urban area (OR = 1.408), not smoking (OR = 1.408), not having depression (OR = 1.347), being healthy (OR = 1.164), having no functional limitations (OR = 1.706), social participation (OR = 1.453), and smartphone or tablet use (OR = 1.484) were all associated with higher odds for participating in PAEXP.



When the housing income increased up to 27.08 M, the PAEXP also increased, but when the housing income was higher than that level, an increase in the household income did not increase the PAEXP.



As the level of physical function increased, the odds ratio for PAXEP participation increased by 1.454 times and 1.948 times, respectively. This increase in the odds ratio is the highest increase among all factors, and it means that physical function one of the most important factors in determining participation in PAXEP.



The impact on PAEXP increases when social contact occurs more than once per month, but above that, increasing social contact did not increase PAEXP further.



The odds ratio of people with ≥3 chronic diseases participating in PAEXP decreased compared to that in those with no chronic diseases. This result is in contrast to results from previous studies [24,66]. Ashe et al. [24]’s study showed that for older adults with no chronic diseases, 30% reported meeting the guidelines for leisure-time physical activity (LTPA), while only 23% met the recommendations if they had one or more chronic diseases. However, this result might be interpreted as meaning that if the number of chronic diseases increases to more than three, the older adults increase their health awareness and increase their willingness to participate in PAEXP. In Barker et al. [66]’s study, the experimental group with chronic diseases had 9% lower rates of moderate activity and completed 11% less vigorous activity per week than the comparison group without chronic diseases.



Individuals with a better nutritional status had lower PAEXP, which is a different result than expected.




4.3. Results of the Decision Tree Analysis


Figure 2 shows the results of a decision tree analysis. A decision tree was built with test data from 4992 of the 9920 subjects (training data: 4928).



This model included 15 nodes with seven predictors: smartphone or tablet PC use, functional limitations, residential area, social participation, depression, number of rooms, and paid work. The seven predictors were the final variables that influenced exercise participation and were derived from the decision tree analysis.



Node 0 at the top is the root node, representing the state in which no predictors are input, and it represents the baseline. At the root node, the exercise participation rate (51.6%) was higher than that of the nonexercise participation rate (48.4%). The most important predictor of exercise participation was smartphone or tablet PC use, which was associated with higher exercise participation rates. Based on the terminal node, there were a total of eight profiles.



In the case of using a smartphone or tablet PC in an urban area with three rooms and more, the exercise participation rate was 65.4% (Node 12). Under the same conditions, in the case of having fewer than three rooms (one or two), the exercise participation rate was 56.4%. (Node 11). In the group that used smartphones or tablet PCs in urban areas, the number of available rooms was the most powerful predictor (chi-square = 41.721, p < 0.001). Specifically, a higher number of rooms was associated with a higher rate of exercise participation.



In the case of using a smartphone or tablet PC while living in a rural area, the rate of exercise participation varied greatly depending on whether paid work was involved. In the case of not having paid work, the rate of exercise participation (58.5%) was higher than the rate of not participating in exercise, while in the case of having paid work, the rate of not participating in exercise (54.7%) was higher than the rate of exercise participation (nodes 13–14). This means that paid work was the most powerful predictor in the group that used a smartphone or tablet PC while living in a rural area (chi-square = 18.900, p < 0.001).



In the case of those not using a smartphone or tablet PC in individuals with functional limitations and depression, the rate of not participating in exercise was 76.9% (Node 10). Under the same conditions, for the case of individuals without depression, the rate of not participating in exercise was 73.5% (Node 9). In the group who did not use a smartphone or tablet PC, having functional limitations and depression were significant predictors (chi-square = 9.630, p < 0.01) of not participating in exercise.



In the case of not using a smartphone or tablet PC and having no functional limitations, the rate of exercise participation varied greatly depending on whether individuals had social participation. This means that social participation was the most powerful predictor in the group of individuals using a smartphone or tablet PC who had no functional limitations (chi-square = 39.797, p < 0.001). In the case of social participation, the rate of exercise participation (58.3%) was higher than the rate of not exercising (Node 8), and in the case of not having social participation, the rate of not participating in exercise (57.7%) was higher than the rate of exercise participation (Node 7).





5. Discussion


This study aimed to identify factors influencing physical activity and exercise participation in older adults during the physical distancing period implemented as a measure to prevent the spread of COVID-19. Large quantities of data from surveys conducted on older adult Korean individuals in the 2020 NSOK (n = 9920) were used, and logistic regression and decision tree analyses were performed.



At baseline, only 52.3% of participants reported exercise participation, which is a significant drop compared with the results of the 2017 NSOK survey conducted before the outbreak of COVID-19 (68%) [8]. Considering that older adults are not sufficiently engaged [67] and that inactive lifestyles negatively impact their health [11], more continuous active measures must be established to promote PAEXP in older adults in preparation for unexpected environmental changes, such as the COVID-19 pandemic.



Logistic regression analysis was used to identify the following factors influencing PAEXP: age, gender, educational level, residential area, paid work, household income, number of chronic diseases, smoking, nutritional status, depression, health status, functional limitations, physical function, social participation, social network contact, and smartphone or tablet PC using.



Consistent with previous studies [17,21,23,25,26,28,29,30,31], the following factors were identified as causing higher PAEXP: being male, having a high educational level, living in urban areas, having a high household income, not smoking, having a good nutritional status, the absence of depression, having a high health status, having low functional limitations, having high physical functions, engagement in social participation, and engagement with many social network contacts.



The influences of most variables were similar to those identified in the previous studies mentioned above but with some different characteristics. It is generally known that PAEXP decreases with age. However, this study found different PAEXP rates in each age group. Specifically, the PAEXP rate was higher in the 70–74- and 75–79-year age groups than in the 65–69-year age group, and the PAEXP rate was lower in the 85 years and older age group [68], in which the rapid deterioration of physical function is known to occur. This indicates that the effect of age on PAEXP in the older adult generation is limited under the quarantine conditions caused by the outbreak of COVID-19. This finding suggests that promotional strategies for PAEXP in the older adult population need to be further refined.



According to previous studies [32] which reported that a high household income has a positive effect on PAEXP, paid work is predicted to increase PAEXP, and job losses are associated with a reduced PAEXP [23]. The results of this study also show that having an appropriate household income has a positive effect on PAEXP. This suggests that a cost-free PAEXP program needs to be supported in consideration of the economic aspects of the older adults.



PAEXP prescriptions are the most widely used interventions for the prevention of chronic diseases. By reporting that exercise guidelines are met when chronic diseases are absent but are not met when one or more chronic diseases are present, previous studies [24] have shown that the number of chronic diseases is associated with a lower PAEXP. However, contrary to previous studies, our results show that the number of chronic diseases is associated with a higher PAEXP. This can be interpreted [69] as the fact that older adults with chronic diseases have greater health motivation and participated in exercise more under the quarantine conditions caused by the outbreak of COVID-19. However, further evidence is needed to support this claim. It is not desirable to maintain a low level of PAEXP just because one has no chronic diseases. The incidence of chronic disease tends to increase with age [70], because a decrease in PAEXP can be a direct cause of disease [66]. Therefore, the promotion of PAEXP is necessary for all older adults, regardless of the presence or absence of chronic diseases.



Smartphone or tablet PC using has been identified as a new and important variable that influences higher PAEXP, although its influence was not well known in relation to older adults’ PAEXP. Smartphone or tablet PC using is an important approach that can promote PAEXP in quarantine conditions, and attention was drawn mainly to home training during the actual COVID-19 period [47]. Before the COVID-19 outbreak, previous studies [71] reported that mHealth and eHealth interventions based on the use of smartphones or tablet PC use increase PAEXP in older adults. In addition, there are studies showing that the use of ICT devices was significantly associated with PAEXP during COVID-19 confinement [56,57]. Our results support the results of these previous studies [56,57] and simultaneously extend the validity of results showing the factors influencing PAEXP during the COVID-19 lockdown. Therefore, in order to maintain and promote the PAEXP of older adults, it is necessary to continue to pay attention to the application of ICT devices such as smartphones or tablet PCs. These results highlight the importance of introducing new empirical data to understand PAEXP among older adults in a changing environment.



Through the decision tree analysis, seven factors that influence exercise participation (smartphone or tablet PC using, functional limitations, residential area, social participation, depression, number of rooms, and paid work) and eight rules were derived through a combination of these factors. Smartphone or tablet PC using turned out to be the strongest predictor for classifying exercise participation in the decision tree analysis, and a series of rules were derived based on these factors.



For smartphone or tablet PC using, four terminal nodes were built based on the residential area. Paid work is a strong classification criterion for those living in rural areas who use smartphones or tablet PC, and those who do not have paid work show higher PAEXP rates than those who do. The result showing that the PAEXP ratio was lower in older adults who had paid work compared with those did not can be explained as follows: The work of older adults, whose residential area is rural, generally involves physical labor, such as farming. In this case, it can be seen that older adults living in rural areas equate physical labor with PAEXP or avoid PAEXP due to physical exhaustion [72]. Additionally, the number of rooms was a strong classification criterion for those living in urban areas who used a smartphone or tablet PC, with a large number of rooms being correlated with a higher PAEXP rate. While the number of rooms was a statistically insignificant variable in exercise participation in the logistic regression analysis, it acted as an important variable in the decision tree analysis for determining PAEXP in the case of living in urban areas and using a smartphone or tablet PC. In a situation where PAEXP has spread to home-based indoor exercise due to the COVID-19 lockdown [73], having indoor space is associated with (urban) older adults’ participation in PAEXP. The presence of a wider interior space, evaluated by the number of rooms, has been shown to act as a variable that predicts a higher PAEXP, which is supported by previous studies [55].



For individuals not using a smartphone or tablet PC, four terminal nodes were built based on functional limitations. Depression is a classification criterion for those with functional limitations who do not use smartphones or tablet PC, but it is difficult to interpret depression as a strong classification criterion, because there is little difference in the exercise participation rate between the two classified nodes (Nodes 9 and 10). Social participation is a strong classification criterion for those without functional limitations who do not use a smartphone or tablet PC, and those who engaged in social participation showed a higher PAEXP rate than those who did not. This result supports the results of previous studies [74] that reported the association between social participation and PAEXP during the physical distancing period caused by the COVID-19 pandemic, and it suggests that social activities are an important factor in maintaining PAEXP for older adults who do not have functional restrictions, regardless of the use of smartphones or tablet PCs.



Our results verify the influences of various variables on PAEXP in the social isolation environment caused by the COVID-19 pandemic and show that ‘smartphone or table PC use’ is an important factor in participation in PAEXP among various variables. The ‘smartphone or tablet PC use’ variable was found to be an important variable affecting PAEXP in both the logistic regression analysis and the decision tree analysis. This suggests that the use of ICT devices during times of unexpected environmental changes, such as the COVID-19 lockdown, can be an approach to effectively promote PAEXP in older adults. In addition, the application of ICT technology has the potential to be applied to various environments, such as by providing customized physical activity [75], for free use [76], for the management of chronic diseases [77], by rural distribution [78], and in home-based exercise applications [79]. However, there is an important problem that needs to be solved in order to promote PAEXP through smartphone or table PC use. It is the ability of older adults to use digital information devices. In Korea, the number of older adults using digital devices, such as smartphones or tablet PCs, has steadily increased to a smart device ownership rate of 77.1%. However, the level of digital device utilization by older adults is 34.9%, which is only half that of the general public (64.9%) [80]. Therefore, in order to ensure the continuation of older adult’s PAEXP in response to unexpected environmental changes, such as COVID-19, efforts should be continued to promote older adults’ ICT utilization capabilities. To this end, governments and nonprofit organizations need to provide educational services to improve the digital literacy of older adults and community organizations, and community volunteers should also seek ways to participate in efforts to improve ICT education for older adults living in the region [76].



In addition, policymakers should consider the following: In a quarantine situation, due to measures to prevent the spread of COVID-19 transmission, we confirmed that the older age groups and older adults who work to maintain their livelihoods are exposed to health risks because they do not participate in PAEXP. Thus, a strategy to promote PAEXP for underprivileged older adults should first be prepared. The strategy of increasing PAEXP via ICT can be effective, as outlined above. Offering low-cost internet-based PAEXP access, free online PAEXP resources, and even customized e-devices may be strategically supported at the public level.




6. Conclusions


This study aimed to establish the basic data needed to prepare a sustainable health strategy for older adults by identifying factors that affect exercise participation using the 2020 NSOK data on the Korean older adults (n = 9920) in 2020, where social confinement has become common due to the COVID-19 pandemic. Based on previous studies, 20 independent variables and questions regarding exercise participation were set as dependent variables. Logistic regression and decision tree analyses were performed to identify the factors affecting physical activity and exercise participation through the influences of individual variables and combinations of variables. Logistic regression analysis was used to identify the following factors influencing exercise participation: age, sex, educational level, residential area, paid work, household income, number of chronic diseases, smoking, nutritional status, depression, health status, functional limitations, physical function, social participation, social network contact, and smartphone or tablet PC using. Through a decision tree analysis, seven factors that influence exercise participation (smartphone or tablet PC using, functional limitations, residential area, social participation, depression, number of rooms, and paid work) were identified, and eight rules were derived through a combination of these factors.



The results of this study show that various influencing factors, rather than a single factor, affect physical activity and exercise participation in older adults through individual and combined effects in the context of COVID-19. Above all, ‘smartphone or table PC using’, which has not been well known previously, was identified as a factor that has a significant effect on PAEXP in older adults.



PAEXP has been reported to help prevent depression and dementia in older adults. Therefore, PAEXP, which has no side effects and a low cost, is quite important for older adults. However, in lockdown situations, such as during periods of physical distancing in the COVID-19 pandemic, older adults are significantly restricted from PAEXP. Since the world is closely connected, if a situation such as the COVID-19 pandemic occurs in one country, it is likely to spread rapidly around the world. Korea is an aging society. In Korea, where the older adult population is increasing, knowing the factors that affect the older adults’ PAEXP can be actively used for counseling the older adults and can be used as basic data for the older adults’ PAEXP programs.



The strengths of this study are as follows: First, it identified the factors influencing PAEXP in older adults based on the temporal background of COVID-19, which had not previously been ascertained. In addition, a large sample size and wide range of variables were input into both the logistic regression and decision tree models to secure a high explanatory power for factors influencing PAEXP in older adults. There was also a progressive attempt to consider a new variable (smartphone or tablet PC using) that had not been dealt with in previous studies.



The limitations of this study are as follows: NSOK was designed and investigated with a wide range of variables. For this reason, there was a limit to the analysis of data to verify in-depth and diverse causality in terms of PAEXP. The investigator’s subjectivity could not be completely removed from data preprocessing, and the rationale for the recategorization of some variables in the recategorization process was weak due to the complexity of the raw data. Gender differences may exist, but in this study, gender was not considered in the decision tree analysis. In future studies, a decision tree analysis should be conducted by dividing gender to identify how predictors differ between men and women. In addition, the explanation of the causal relationships among variables are limited because data based on the collection of cross-sectional data were used. More in-depth research seems to be needed through longitudinal studies with at least two points in time. Additionally, the generalization of these data is not free from bias, since the analyzed research data only cover South Korea.
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Figure 1. Decrease in PAEXP by age group in Korea due to the COVID-19 lockdown. 






Figure 1. Decrease in PAEXP by age group in Korea due to the COVID-19 lockdown.



[image: Sustainability 15 07482 g001]







[image: Sustainability 15 07482 g002 550] 





Figure 2. Decision tree model of exercise participation by older adults. 






Figure 2. Decision tree model of exercise participation by older adults.



[image: Sustainability 15 07482 g002]







[image: Table] 





Table 1. Subject characteristics (N = 9920).
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Variable

	
Categories

	
PAEXP

	
χ2 (p)




	
No (n = 4733, 47.7%)

	
Yes (n = 5187, 52.3%)






	
Age

	
65–69

	
1487 (31.4) 2

	
2024 (39.0)

	
230.719

(<0.001)




	

	
70–74

	
1069 (22.6)

	
1397 (26.9)




	

	
75–79

	
950 (20.1)

	
1006 (19.4)




	

	
80–84

	
812 (17.2)

	
565 (10.9)




	

	
≥85

	
415 (8.8)

	
195 (3.8)




	
Gender

	
Male

	
1763 (37.2)

	
2208 (42.6)

	
29.165

(<0.001)




	

	
Female

	
2970 (62.8)

	
2979 (57.4)




	
Marital status

	
Nonmarried

	
2135 (45.1)

	
1936 (37.3)

	
61.982

(<0.001)




	

	
Married

	
2598 (54.9)

	
3251 (62.7)




	
Educational level

	
Uneducated

	
689 (14.6)

	
433 (8.3)

	
278.036

(<0.001)




	

	
Elementary School

	
1751 (37.0)

	
1558 (30.0)




	

	
Middle School

	
1080 (22.8)

	
1250 (24.1)




	

	
High School

	
1089 (23.0)

	
1565 (30.2)




	

	
Beyond College

	
124 (2.6)

	
381 (7.3)




	
Residential area

	
Rural area

	
1637 (34.6)

	
1187 (22.9)

	
166.443

(<0.001)




	

	
Urban area

	
3096 (65.4)

	
4000 (77.1)




	
Paid work

	
No

	
2853 (60.3)

	
3294 (63.5)

	
10.928

(<0.001)




	

	
Yes

	
1880 (39.7)

	
1893 (36.5)




	
Household income 1

	
≤9.03 M won

	
1268 (26.8)

	
955 (18.4)

	
122.783

(<0.001)




	

	
9.03 M–27.08 M won

	
2042 (43.1)

	
2263 (43.6)




	

	
>27.08 M won

	
1423 (30.1)

	
1969 (38.0)




	
Number of chronic

	
>3

	
1267 (26.8)

	
1341 (25.9)

	
16.876

(<0.001)




	
disease

	
1 or 2

	
2742 (57.9)

	
2892 (55.8)




	

	
0

	
724 (15.3)

	
954 (18.4)




	
Smoking

	
Yes

	
539 (11.4)

	
550 (10.6)

	
1.559

(>0.05)




	

	
No

	
4194 (88.6)

	
4637 (89.4)




	
Nutritional status

	
High risk

	
468 (9.9)

	
451 (8.7)

	
6.775

(<0.05)




	

	
Moderate risk

	
952 (20.1)

	
991 (19.1)




	

	
Good

	
3313 (70.0)

	
3745 (72.2)

	




	
Body mass index

	
Underweight

	
115 (2.4)

	
93 (1.8)

	
9.502

(<0.05)




	

	
Normal weight

	
3395 (71.7)

	
3686 (71.1)




	

	
Overweight

	
1152 (24.3)

	
1347 (26.0)




	

	
Obese

	
71 (1.5)

	
61 (1.2)

	




	
Depression

	
Yes

	
770 (16.3)

	
523 (10.1)

	
83.542

(<0.001)




	

	
No

	
3963 (83.7)

	
4664 (89.9)




	
Health status

	
Unhealthy

	
1058 (22.4)

	
802 (15.5)

	
132.458

(<0.001)




	

	
Neither healthy nor unhealthy

	
1585 (33.5)

	
1535 (29.6)




	

	
Healthy

	
2090 (44.2)

	
2850 (54.9)




	
Functional limitations

	
Yes

	
681 (14.4)

	
336 (6.5)

	
168.316

(<0.001)




	

	
No

	
4052 (85.6)

	
4851 (93.5)




	
Physical function

	
Level 1

	
1793 (37.9)

	
1110 (21.4)

	
401.716

(<0.001)




	

	
Level 2

	
1559 (32.9)

	
1725 (33.3)




	

	
Level 3

	
1381 (29.2)

	
2352 (45.3)




	
Social participation

	
No

	
3192 (67.4)

	
2587 (49.9)

	
314.041

(<0.001)




	

	
Yes

	
1541 (32.6)

	
2600 (50.1)




	
Social network

	
>a month

	
807 (17.1)

	
552 (10.6)

	
93.349

(<0.001)




	
contact

	
a week–a month

	
564 (11.9)

	
765 (14.7)




	

	
< a week

	
3362 (71.0)

	
3870 (74.6)




	
Proximity to parks

	
>20 min

	
495 (10.5)

	
403 (7.8)

	
25.528

(<0.001)




	
and trails

	
10–20 min

	
1466 (31.0)

	
1562 (30.1)




	

	
≤10 min

	
2772 (58.6)

	
3222 (62.1)




	
Number of rooms

	
1 room

	
183 (3.9)

	
154 (3.0)

	
58.893

(<0.001)




	

	
2 rooms

	
1291 (27.3)

	
1104 (21.3)




	

	
3 rooms and more

	
3259 (68.9)

	
3929 (75.7)




	
Smartphone or

	
No

	
2767 (58.5)

	
2070 (39.9)

	
341.006

(<0.001)




	
tablet PC use

	
Yes

	
1966 (41.5)

	
3117 (60.1)








1 Household income is in Korean won. 2 Values are N, with percent in parentheses, unless otherwise noted.
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Table 2. Logistic regression model of exercise participation by older adults.
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Variable

	
Categories

	
OR1

	
95% CI






	
Age

	
70–74

	
1.178 **

	
(1.048–1.324)




	
(ref = 65–69)

	
75–79

	
1.201 **

	
(1.048–1.376)




	

	
80–84

	
0.929

	
(0.790–1.093)




	

	
≥85

	
0.777 *

	
(0.622–0.970)




	
Gender (ref = Male)

	
Female

	
0.866 **

	
(0.780–0.961)




	
Marital status (ref = Nonmarried)

	
Married

	
0.978

	
(0.885–1.080)




	
Educational level (ref = Uneducated)

	
Elementary School

	
0.961

	
(0.825–1.120)




	

	
Middle School

	
0.942

	
(0.793–1.120)




	

	
High School

	
0.971

	
(0.809–1.165)




	

	
Beyond College

	
1.731 ***

	
(1.320–2.270)




	
Residential area (ref = Rural area)

	
Urban area

	
1.408 ***

	
(1.278–1.551)




	
Paid work (ref = No)

	
Yes

	
0.584 ***

	
(0.530–0.644)




	
Household income (ref ≤ 9.03 M won)

	
9.03 M~27.08 M won

	
1.345 ***

	
(1.201–1.507)




	

	
>27.08M won

	
1.302 ***

	
(1.145–1.481)




	
Number of chronic diseases (ref > 3)

	
1–2

	
0.791 ***

	
(0.708–0.885)




	

	
0

	
0.803 **

	
(0.691–0.935)




	
Smoking (ref = Yes)

	
No

	
1.408 ***

	
(1.220–1.626)




	
Nutritional status (ref = High risk)

	
Moderate risk

	
0.754 **

	
(0.635–0.897)




	

	
Good

	
0.607 ***

	
(0.515–0.716)




	
Body Mass Index (ref = Underweight)

	
Normal weight

	
0.975

	
(0.724–1.313)




	

	
Overweight

	
1.012

	
(0.745–1.373)




	

	
Obesity

	
0.85

	
(0.533–1.356)




	
Depression (ref = Yes)

	
No

	
1.347 ***

	
(1.169–1.551)




	
Health status (ref = Unhealthy)

	
Neither healthy nor unhealthy

	
1.029

	
(0.901–1.176)




	

	
Healthy

	
1.164 *

	
(1.010–1.341)




	
Functional limitation (ref = Yes)

	
No

	
1.706 ***

	
(1.452–2.004)




	
Physical function (ref = Level 1)

	
Level 2

	
1.454 ***

	
(1.300–1.625)




	

	
Level 3

	
1.948 ***

	
(1.724–2.201)




	
Social participation (ref = No)

	
Yes

	
1.453 ***

	
(1.319–1.601)




	
Social network contact (ref < Once a month)

	
≥Once a month

	
1.543 ***

	
(1.311–1.817)




	

	
≥Once a week

	
1.432 ***

	
(1.261–1.626)




	
Proximity to parks and trails (ref > 20 min)

	
≤20 min

	
1.028

	
(0.875–1.209)




	

	
≤10 min

	
1.044

	
(0.896–1.217)




	
Number of rooms (ref = 1 room)

	
2 rooms

	
1.056

	
(0.829–1.346)




	

	
3 rooms or more

	
1.256

	
(0.992–1.591)




	
Smartphone or tablet PC use (ref = No)

	
Yes

	
1.484 ***

	
(1.339–1.645)




	
–2LL = 12,581.234, Nagelkerke R2 = 0.146, Hosmer–Lemeshow test: χ2 = 12.419(p = 0.133)








1 OR = Odds ratio; CI = Confidence interval; ref = Reference group; * p < 0.05, ** p < 0.01, *** p < 0.001.
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