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INTRODUCTION

Falls are the most common cause of trauma that can occur at all ages. 

However, for elderly people, falls cause more problems, owing to the 

serious trauma or complications that can result. In China, falls are the 

highest cause of death among all types of trauma [1,2] and, in the 

United States, more than one third of elderly people aged 65 years or 

older experience falls more than once a year. In Korea, more than half 

of the physical damage to senior citizens aged 65 years or older is 

considered to be fall-related [3]. For the elderly, falls can cause serious 

trauma, such as fractures or head injury, and complications, such as 

deterioration of function due to these trauma [4]. In addition to these 

pathological phenomena, falls have high economic costs in medical 

service utilization worldwide [5]. Falling occurs in daily life (walking, 

stair climbing, and moving) or when exposed to careless situations 

during hospitalization. Falls are caused by a loss of balance or damage 

to the body function of balance in any motion, and, to prevent them, it 

is important to identify their main causes. Falls are categorized 

according to intrinsic factors, such as physical factors, disease, and 

medication, and physiological changes according to vision, cardiovascular 

system, musculoskeletal system age, and external factors such as 

environmental factors [6].

In addition to these pathological causes, fear of falling (FOF) is a 

major independent risk factor for falls, along with depression [7]. FOF 
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is defined as a “persistent feeling related to the risk of falling during 

one or more activities of daily living” [8]. Not only does it decrease the 

quality of life, but it is a leading cause of injury, morbidity, and 

mortality [9]. Moreover, it has a negative effect on physical health and 

physical activity [10,11]. According to a prior study, physical activity 

leads to positive effects, such as the prevention of various diseases and 

premature mortality [12]. For the elderly population, physical activity 

nurtures physical self-satisfaction and self-esteem and can prevent many 

diseases, such as depression, cardiovascular disease, and osteoporosis 

[13-16]. Moreover, appropriate physical activity can improve quality 

of life [17] and reduce FOF [18] for the elderly population.

Based on a systematic review, physical activity, which refers to a 

series of exercises that can help balance the body of an elderly person 

to avoid strain, has been found to prevent falls [19]. In addition, based 

on prior study, light physical activity in the elderly population can 

prevent falls in the long term [20]. FOF itself can have a substantial 

impact on the elderly population [21]. Therefore, if physical activity 

can reduce FOF or falling, it can prevent various diseases in the elderly 

population. Consequently, in this study, we aimed to verify the effects 

of physical activity on FOF and falling.

METHODS

1. Data source

The data used for the following analyses were derived from the 

Korean Longitudinal Study of Aging (KLoSA) from 2006 to 2018. The 

KLoSA was constructed by repeatedly surveying the identical content 

for the same respondents biennially. Thus, all variables surveyed by 

the KLoSA were repeatedly measured from the 1st wave to the 7th 

wave to collect observation cases at multiple points in time. This 

biennial survey involves multistage stratified sampling based on 

geographical areas and housing types across Korea. Participants were 

selected randomly using a multistage, stratified probability sampling 

design to create a nationally representative sample of community- 

dwelling Koreans 45 years of age and older. Participant selection was 

performed by the Korea Labor Institute for these rapidly growing 

populations, including individuals from both urban and rural areas. In 

case of refusal to participate, another subject was selected from an 

additional, similar sample from the same district. The KLoSA was 

approved by Statistics Korea (approval no., 33602) and the survey was 

conducted after acquiring the verbal consent of participants. The 

KLoSA data has been released to the public for scientific use, ethical 

approval was not required for this study. The first baseline survey in 

2006 included 10,254 participants. In 2014 and 2016, including new 

participants 920 and 878, respectively, the number of participants 

followed up in 2016 was 9,913, of which about 79.6% were the original 

panel. To investigate the association between regular physical exercise 

and fall experience/FOF, we only included those who responded that 

they exercise at least once a week and excluded those who lacked 

information on variables in the study model. Finally, this study 

included 3,871 participants at baseline.

2. Independent variables

1) Exercise time per week (hour)

The exercise time per week was calculated through the following 

two questions: How many times a week do you exercise? and How 

many minutes do you usually exercise once? The exercise time was 

divided into “less than 3 hours,” “3 hours,” “4 hours,” and “more than 

5 hours.”

2) Exercise duration (year)

Exercise duration was extracted from response to the question: How 

long have you been exercising regularly? The response was divided 

into “less than 1 year,” “1–2 years,” “3–4 years,” and “more than 5 

years.”

3. Dependent variables

1) Fall experience for 2 years

Fall experience for 2 years was extracted from response to the 

question: Have you ever had fall experience in the past 2 years? The 

response was divided into “yes” and “no.”

2) Fear of falling

FOF was extracted from response to the question: Do you have 

worry about falling? The response was divided into “yes” and “no.”

4. Control variables

Covariates were set in consideration of socioeconomic factors, 



https://kshpa.jams.or.kr/co/main/jmMain.kci 23

Regular Physical Exercise and Falling in Middle-Aged and Elderly Population ∙ Jeong S et al

보건행정학회지 2022;32(1):21-28

demographic factors, health status, and behavioral factors that may be 

related to the occurrence of a fall experience or FOF [22,23].

1) Socioeconomic and demographic factors

Age groups were divided into four categories: ≤54, 55–64, 65–74, ≥

75 years of age. Education level was categorized into four groups: 

elementary school or lower, middle school, high school, and college or 

higher. Gender was categorized male and female and marital status 

was divided into three groups: married, separated or divorced, and 

single. Health insurance was categorized into national health insurance 

and medical aid.

2) Health status and behavioral factors

Activity restrictions were based on responses from the following 

question: Is there any problem with your work or activity due to your 

health condition? Respondents of “always” and “sometimes” were 

divided into “yes” groups, and “rarely” and “never” were divided into “no” 

groups [23,24]. Depending on current drinking, alcohol consumption 

was divided into two groups: yes or no. Finally, the number of chronic 

diseases (consisting of hypertension, diabetes, osteoarthritis, rheumatoid 

arthritis, cancer, chronic pulmonary disease, liver disease, cardiovas- 

cular disease, and cerebrovascular disease) and year dummies were 

included as covariates in our analyses.

5. Analytical approach and statistics

Chi-square test and a generalized estimating equation (GEE) model 

were used to investigate the association between regular physical 

activity and depression. The data used in the study are repeatedly 

measured data surveyed every 2 years, therefore the use of a GEE 

model was required in order to handle the unbalanced data [25]. This 

analysis yielded odds ratio (OR) and 95% confidence interval (95% CI). 

For all analyses, statistical significance was set to p<0.05, two-tailed, and 

was conducted using the SAS statistical software package ver. 9.4 (SAS 

Institute Inc., Cary, NC, USA).

RESULTS

1. General characteristics

Table 1 displays the general characteristics of the subjects included 

in the analysis at baseline. Of the 3,871 research subjects included in 

the present study, 3.6% (n=141) had experienced falls within the last 2 

years, and 36.8% (n=1,423) were afraid of falling. Among those who 

had experienced falls within the past 2 years, 5.0% (n=61) reported 

that their average weekly exercise time was less than 3 hours, 3.2% 

(n=22) reported less than 4 hours, 2.4% (n=10) more than 4 hours, and 

3.1% (n=48) more than 5 hours. In addition, 6.4% (n=29) were under 

1 year of exercise, 3.9% (n=28) were between 1 year and 2 years, 3.3% 

(n=25) were between 3 years and less than 4 years, and 3.1% (n=59) 

were over 5 years. There was a statistically significant difference in the 

distribution of the dependent variables (fall experience for 2 years and 

FOF) according to the independent variables, “exercise time per week” 

(p=0.025, p=0.015, respectively) and “exercise duration” (p=0.007, 

p=0.042, respectively).

2. Association between fall experience, fear of falling, and 

physical activity

Table 2 shows the relationship between fall experience, FOF, and 

physical activity adjusted for socioeconomic status, health risk, and 

behavioral factors. After adjusting all of these confounders, compared 

to those who exercised more than 5 hours a week (reference group), 

those who exercised less than 3 hours were statistically significantly 

more likely to experience falls and FOF (OR, 1.334; 95% CI, 1.059–
1.682; OR, 1.218; 95% CI, 1.119–1.326, respectively). Compared to the 

group who exercised for more than 5 years, those who exercised for 

less than 1 year were more likely to experience falls and FOF, but the 

falls experience were not statistically significant (OR, 1.243; 95% CI, 

0.929–1.663; OR, 1.310; 95% CI, 1.162–1.478, respectively). In addition, 

the exercise duration was “1–2 years” groups and “3–4 years” groups 

were statistically significantly more likely to experience FOF (OR, 

1.186; 95% CI, 1.080–1.303; OR, 1.202; 95% CI, 1.100–1.313, respectively). 

Those who had a FOF were statistically significantly more likely to 

have experienced falls over the past 2 years than those who had no FOF 

(OR, 6.509; 95% CI, 4.649–9.114), and those who have experienced 

falls over the past 2 years were statistically significantly more likely to 

have a FOF than those who have not (OR, 6.501; 95% CI, 4.623–9.144).



24 https://kshpa.jams.or.kr/co/main/jmMain.kci

Jeong S et al ∙ Regular Physical Exercise and Falling in Middle-Aged and Elderly Population 

Health Policy Manag 2022;32(1):21-28

DISCUSSION

In modern society, the importance of quality of life due to the 

increase in life expectancy is growing, and this is no exception for the 

elderly. By preventing diseases, quality of life can be preserved, and the 

most frequent cause of trauma in older people is fall [1-4]. In this 

Characteristic
Fall experience for 2 years Fear of falling

Total Yes p-value Total Yes p-value
Exercise time per week (hr) 0.025* 0.015*

<3 1,232 (31.8) 61 (5.0) 1,232 (31.8) 457 (37.1)
3 682 (17.6) 22 (3.2) 682 (17.6) 274 (40.2)
4 413 (10.7) 10 (2.4) 413 (10.7) 126 (30.5)
≥5 1,544 (39.9) 48 (3.1) 1,544 (39.9) 566 (36.7)

Exercise duration (yr) 0.007** 0.042*

<1 455 (11.8) 29 (6.4) 455 (11.8) 190 (41.8)
1–2 721 (18.6) 28 (3.9) 721 (18.6) 275 (38.1)
3–4 764 (19.7) 25 (3.3) 764 (19.7) 283 (37.0)
≥5 1,931 (49.9) 59 (3.1) 1,931 (49.9) 675 (35.0)

Age (yr) <0.0001*** <0.0001***

≤54 1,434 (37.0) 28 (2.0) 1,434 (37.0) 226 (15.8)
55–64 1,148 (29.7) 36 (3.1) 1,148 (29.7) 400 (34.8)
65–74 961 (24.8) 54 (5.6) 961 (24.8) 547 (56.9)
≥75 328 (8.5) 23 (7.0) 328 (8.5) 250 (76.2)

Education level <0.0001*** <0.0001***

≤Elementary school 1,225 (31.7) 88 (7.2) 1,225 (31.7) 754 (61.6)
Middle school 691 (17.9) 22 (3.2) 691 (17.9) 243 (35.2)
High school 1,300 (33.6) 24 (1.9) 1,300 (33.6) 297 (22.9)
≥College 655 (16.9) 7 (1.1) 655 (16.9) 129 (19.7)

Gender <0.0001*** <0.0001***

Male 1,880 (48.6) 35 (1.9) 1,880 (48.6) 525 (27.9)
Female 1,991 (51.4) 106 (5.3) 1,991 (51.4) 898 (45.1)

Marital status <0.0001*** <0.0001***

Married 3,263 (84.3) 87 (2.7) 3,263 (84.3) 1,052 (32.2)
Separated, divorced 592 (15.3) 54 (9.1) 592 (15.3) 365 (61.7)
Single 16 (0.4) 0 16 (0.4) 6 (37.5)

Health insurance 0.002*** <0.0001***

National health insurance 3,692 (95.4) 127 (3.4) 3,692 (95.4) 1,318 (35.7)
Medical aid 179 (4.6) 14 (7.8) 179 (4.6) 105 (58.7)

Activity restriction <0.0001*** <0.0001***

Yes 1,040 (26.9) 76 (7.3) 1,040 (26.9) 666 (64.0)
No 2,831 (73.1) 65 (2.3) 2,831 (73.1) 757 (26.7)

Alcohol consumption 0.051 <0.0001***

Yes 1,626 (42.0) 48 (3.0) 1,626 (42.0) 437 (26.9)
No 2,245 (58.0) 93 (4.1) 2,245 (58.0) 986 (43.9)

No. of chronic disease† 0.001*** <0.0001***

0 2,032 (52.5) 55 (2.7) 2,032 (52.5) 504 (24.8)
1 1,100 (28.4) 43 (3.9) 1,100 (28.4) 463 (42.1)
≥2 739 (19.1) 43 (5.8) 739 (19.1) 456 (61.7)

Total 3,871 (100.0) 141 (3.6) 3,871(100.0) 1,423 (36.8)

Values are presented as number (%).
*p<0.05. **p<0.01. ***p<0.001. †Hypertension, diabetes, osteoarthritis, rheumatoid arthritis, cancer, chronic pulmonary disease, liver disease, cardiovascular disease, and cerebrovascular disease.

Table 1. General characteristics of subjects included for analysis at baseline
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Variable
Fall experience for 2 years Fear of falling

OR (95% CI) p-value OR (95% CI) p-value
Exercise time per week (hr)

<3 1.334 (1.059–1.682) 0.015** 1.218 (1.119–1.326) <0.0001***

3 0.761 (0.565–1.025) 0.073 1.062 (0.968–1.165) 0.201
4 0.927 (0.636–1.351) 0.694 0.891 (0.793–1.001) 0.051
≥5 1.000 1.000

Exercise duration (yr)
<1 1.243 (0.929–1.663) 0.143 1.310 (1.162–1.478) <0.0001***

1–2 0.869 (0.663–1.139) 0.309 1.186 (1.080–1.303) 0.000***

3–4 0.672 (0.505–0.895) 0.007*** 1.202 (1.100–1.313) <0.0001***

≥5 1.000 1.000
Fear of falling

Yes 6.509 (4.649–9.114) <0.0001***

No 1.000
Fall experience for 2 years

Yes 6.501 (4.623–9.144) <0.0001***

No 1.000
Age (yr)

≤54 1.000 1.000
55–64 0.956 (0.669–1.366) 0.805 2.121 (1.915–2.350) <0.0001***

65–74 1.000 (0.692–1.444) 0.999 5.120 (4.577–5.727) <0.0001***

≥75 1.016 (0.672–1.536) 0.939 11.108 (9.604–12.849) <0.0001***

Education level
≤Elementary school 1.321 (0.884–1.974) 0.175 1.552 (1.385–1.739) <0.0001***

Middle school 1.000 (0.646–1.548) 1.000 1.313 (1.170–1.474) <0.0001***

High school 1.115 (0.746–1.666) 0.596 1.091 (0.988–1.204) 0.084
≥College 1.000 1.000

Gender
Male 1.000 1.000
Female 1.638 (1.264–2.122) 0.000*** 1.865 (1.720–2.023) <0.0001***

Marital status
Married 1.000 1.000
Separated, divorced 1.404 (1.105–1.785) 0.006*** 1.143 (1.030–1.268) 0.012**

Single 0.511 (0.069–3.795) 0.512 1.245 (0.754–2.057) 0.391
Health insurance

National health insurance 1.000 1.000
Medical aid 1.160 (0.793–1.695) 0.444 1.768 (1.425–2.193) <0.0001***

Activity restriction
Yes 1.830 (1.479–2.263) <0.0001*** 3.275 (3.005–3.569) <0.0001***

No 1.000 1.000
Alcohol consumption

Yes 1.000 1.000
No 0.887 (0.699–1.125) 0.324 1.307 (1.213–1.409) <0.0001***

No. of chronic disease†

0 1.000 1.000
1 1.247 (0.959–1.620) 0.100 1.096 (0.990–1.214) 0.077
≥2 1.187 (0.823–1.710) 0.359 1.620 (1.361–1.928) <0.0001***

Year
2006 4.802 (2.973–7.755) <0.0001*** 0.258 (0.224–0.297) <0.0001***

2008 3.198 (1.982–5.160) <0.0001*** 0.391 (0.341–0.449) <0.0001***

2010 2.682 (1.641–4.386) <0.0001*** 0.548 (0.477–0.630) <0.0001***

2012 2.161 (1.307–3.572) 0.003*** 0.519 (0.452–0.596) <0.0001***

2014 2.221 (1.353–3.645) 0.002*** 0.616 (0.536–0.707) <0.0001***

2016 1.291 (0.753–2.216) 0.353 0.713 (0.622–0.818) <0.0001***

2018 1.000 1.000

OR, odds ratio; CI, confidence interval.
**p<0.01. ***p<0.001. †Hypertension, diabetes, osteoarthritis, rheumatoid arthritis, cancer, chronic pulmonary disease, liver disease, cardiovascular disease, and cerebrovascular disease.

Table 2. Association between physical exercise and falling
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study, we wanted to verify how physical activity affects the FOF or fall 

experience in Korean elderly people, and the analysis confirmed three 

facts.

1. First, high physical activity time per week is associated 

with lower falls.

However, statistically, only those who had physically activity for less 

than 3 hours compared to those who performed more than 5 hours a 

week showed meaningful results and other response groups showed 

no significant results. This phenomenon seems to be due to the 

inclusion of those who do not engage in physical activities in the case 

of the group who said it was less than 3 hours. Thus, the fall experience 

can be confirmed to be affected by the presence of physical activity 

(whether physical activity is done or not at all).

2. Second, high physical activity time per week is associated 

with lower FOF.

As shown in the first analysis, only those who performed physical 

activities for less than 3 hours showed a statistically significant view 

compared to those who performed physical activities for more than 5 

hours a week. That confirms FOF is also affected by the presence of 

physical activity.

3. Third, the longer periods of physical activity were 

associated with lower FOF.

Unlike the first fact, this result was statistically meaningful for all 

groups. Compared to those who had more than 5 years of physical 

activity, the 1–2 years group and the less than 1-year group had a 

higher fear of falls. These results indicate that the longer the period of 

physical activity, gets the less FOF. Overall, the length of time spent 

performing physical activity did not have a significant impact on falls 

and FOF, but the through the analysis result determined that whether 

physical activity affected falling and FOF, and also it is confirmed that 

the duration of physical activity had a significant relationship with the 

fear of falls. FOF is classified as a major risk factor for falls [7], and the 

duration of physical activity has a significant relationship with the 

FOF, it is confirmed that steady physical activity can prevent falls. Not 

only do steady physical activities prevent falls, but they also reduce the 

risk factors of cardiovascular disease, metabolic syndrome, and various 

cancer risks [26-28]. In addition, the World Health Organization 

recommends regular physical activities for people with lack of physical 

activity [29]. Therefore, programs are needed to support physical 

activities for the elderly population.

In Ontario, Canada, health promotion programs are being operated 

by recognizing the importance of physical activity for the elderly and 

preparing measures to utilize the resources around them [30]. Also, 28 

European Union countries have published a policy called “health- 

enhancing physical activity” to encourage physical activity to all ages 

[31]. There is no clear policy on physical activity in the United States, 

but there are guidelines such as how to do proper exercise by compiling 

a physical activity guidelines for American, and encouraging exercise by 

dividing the appropriate types of exercise by age group and disease 

group [32]. However in Korea, there are only proper programs for 

those who are at risk of chronic diseases, while there are shortages such 

proper programs for the elderly [33]. It is believed that institutional 

study is needed to support long-term physical activities for the elderly 

in Korea.

There are several limitations to this study that should be taken into 

consideration. First, since this study is based on 3,871 participants’ 

analysis through KLoSA, there is a limit to generalizing it as a result of 

the entire elderly. Therefore, further research should be discussed to 

expand the analysis target. Second, data was gathered from self-reports 

of socioeconomic factors as well as health status and risk factors. 

Self-reporting data may be an imperfect indicator of actual behavior. 

Third, information regarding health status and risk behavior factors 

was not sufficient. In particular, physical exercise is an independent 

variable and its intensity is also important. However, due to the 

limitation of the data used in the study, the factor could not be 

reflected. Therefore, we tried to control the intensity of physical 

activity by adding exercise duration and exercise time together. 

Finally, this study analyzed the panel data surveyed biennially by 

applying the GEE model. Therefore, all changes between 2 years could 

not be observed, and the analysis results mean correlation, not 

causality. There may be an inverse-causality between physical exercise 

and falling experiences and FOF. In this study, the results of the falls 

experience according to the survey year show it is possible that the fall 

experience preceded, and the results of GEE analysis that the duration 

of exercise increases, the more likely to falls experience, suggesting 

that there may be an inverse causal relationship. Therefore, the causal 
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relationship between physical activity and falls or FOF further needs to 

be clarified in future research.

Despite these limitations, in previous studies, muscle training and 

improvement of physical control ability through exercise did not 

increase the experience of falling, and it was confirmed that exercise 

reduced the FOF [16,17]. The results of our study were consistent with 

those of previous studies that performed controlled trials and 

meta-analyses. Therefore, our findings that exercise has a positive 

association with the reduction of falls and FOF are meaningful. In 

addition, this study uses a population-based representative sample 

database, and unlike the preceding study [13-16], which directly 

confirmed the association between falls and physical activity, this 

study is valuable in that it confirmed the association between falls and 

physical activity through a variable called fear of fall.

In conclusion, this study aimed to verify the effects of physical 

activity on FOF and falling experiences in elderly people. The results 

showed that physical activity have a significant impact on falling and 

FOF. Based on these results, physical activity can be expected to have a 

positive effect on fall prevention, which implies the need for policy and 

research on long-term physical activity programs.
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