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Introduction

Korea National Statistical Office in 2021 announced that 
the older adult population in Korea, which comprised 
16.5% of the total population, had entered an aged society; 
the proportion of the middle-aged and older adults popula-
tion in Korea is 56.5%, showing the fastest growth rate 
among the Organisation for Economic Cooperation and 
Development (OECD) member countries.1 The increase in 
the middle and old age population is accompanied by vari-
ous social problems2; in particular, it affects the onset of 
cognitive disorders such as Alzheimer’s disease and mild 
cognitive impairment.3 Therefore, recent studies on sub-
jective cognitive decline (SCD), which is considered an 

1180991 PHJXXX10.1177/22799036231180991 Journal of Public Health ResearchLee et al.
research-article20232023

1Institute for Digital Life Convergence, Dankook University, Cheonan, 
Chungnam, Republic of Korea
2Department of Public Health, General Graduate School of Dankook 
University, Cheonan, Chungnam, Republic of Korea
3Department of Health Administration, College of Health Science, 
Dankook University, Cheonan, Chungnam, Republic of Korea

*These authors contributed equally to this work.

Hyeon Ji Lee is also affiliated to National Cancer Control Institute, 
National Cancer Center, Goyang, Republic of Korea

Corresponding author:
Jae Hyun Kim, Department of Health Administration, College of Health 
Science, Dankook University, 119, Dandae-ro, Dongnam-gu, Cheonan-
si, Chungnam 330-714, Republic of Korea. 
Email: jaehyun@dankook.ac.kr

Relationship between functional limitations 
due to subjective cognitive decline and 
falling focusing exercise intensity: Results 
from the Korean Community Health 
Survey

Hyeon Ji Lee1*, Jeong Min Yang1,2* and Jae Hyun Kim1,3

Abstract
Background: To explore the association between functional limitation due to subjective cognitive decline (SCD) and 
falling by focusing on exercise intensity in the Korean population aged 45 years and older.
Study Design: The 2019 Korean Community Health Survey (KCHS) was used to analyze 35,387 people by applying 
individual weights imposed from the raw data.
Methods: To analyze the association between functional limitation due to SCD and falling in the Korean population 
aged 45 years and older, weighted logistic regression analysis and weighted zero-inflated Poisson regression analysis were 
used.
Results: In both the middle-aged group and the older adult group, the functional limitation due to SCD had a higher fall 
experience rate and more falls than the non-functional limitation due to SCD group. Additionally, the middle-aged group 
and the moderate or vigorous physical exercise (MVPE) group had a higher fall experience rate and number of falls than 
the non-MVPE group; however, the older adult group walking regularly and performing MVPE had a lower fall experience 
rate and number of falls than the non-exercise group.
Conclusions: Active participation in exercise is encouraged and should lead to fewer falls in older adults. Furthermore, 
a group with functional limitations due to SCD should be provided with exercise guidelines and a community program 
and facilities that enable regular participation should be developed.
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early prevention index to arrest cognitive impairment, are 
being actively conducted.4 SCD is experienced by 11% of 
the population aged 45 and over in the United States3; in 
Korea, 24.6% of the middle and old age population experi-
ence SCD, indicating that Korea’s SCD experience rate is 
higher than other countries.5 Compared to the younger 
population group, SCD in older adults occurs with age, 
resulting in decreased cognitive as well as physical func-
tion6 and 50.6% of middle-aged and older Americans who 
experienced SCD experienced functional limitations.3 
According to the U.S. Centers for Disease Control and 
Prevention (CDC), functional limitations due to SCD are 
defined as the inability to perform activities due to limita-
tions in cognitive and physical abilities to perform house-
hold chores, medication use, and social activities.7 
Naturally, functional limitation due to SCD leads to 
decreased physical movements, increased falls and the 
number of falls.8–10 In particular, the fall experience rate of 
the functionally limited group in Korea was more than 
twice that of the non-functionally limited group.11

In the functional limited group, physical exercise is con-
sidered an important factor in preventing falls by slowing the 
rate of decline and sarcopenia.12 Due to its importance, there 
is an attempt to actively intervene in exercise programs to 
prevent falls in middle-aged and older adults with functional 
limitations.13–15 In particular, the American Geriatrics Society 
(AGS) provides detailed guidelines based on exercise inten-
sity, such as regular walking exercise (RWE) and moderate or 
vigorous physical exercise (MVPE), which can be done by 
the older people in their local community.13 The group with 
functional limitations has effectively reduced the fall experi-
ence rate by 32% by providing exercise guidelines with rela-
tively easy exercise intensity, time and frequency.14,15

Nevertheless, as exercise programs and guidelines for 
fall prevention are not universally active worldwide,16 the 
number of falls continues to rise,17 resulting in accidental 
deaths of older adults in the United States. Furthermore, 
42% of total medical expenses are related to falls.17,18 Falls 
cause various social problems and are considered among 
the most urgent public health problems among middle-
aged and older adults.19

Moreover, in Korea, compared to foreign countries, due 
to the tendency of middle-aged and older people to avoid 
physical exercise20 and a lack of physical exercise programs 
to prevent falls,21 the rate of physical activity is also in 
steady decline, from 58.3% in 2014 to 47.8% in 2019.22 The 
fall experience rate among middle-aged and older adults 
with functional limitations is also high.11 Compared to over-
seas countries, the middle-aged Korean group is more sus-
ceptible to functional limitations due to SCD and falls.

This study focuses on the rapidly growing middle-aged 
and older population in Korea. Previous studies show that 
the rate of experience with functional limitation due to 
SCD is high, but physical exercise is low,1,5,8–10 and that 
falls and the number of falls can be reduced through physi-
cal activity.14,15 The aim of this study was to examine the 

relationship between functional limitation due to SCD and 
falls, as well as the number of falls depending on whether 
exercise was undertaken and the exercise intensity of mid-
dle-aged and older adults in Korea. In addition, we intend 
to provide baseline data for enacting policies and institu-
tional measures to prevent falls by advocating for physical 
exercise for groups vulnerable to falls.

Methods

Study design

This study used the 2019 Korea Community Health Survey 
(KCHS) surveyed by the Korea Ministry of Health and 
Welfare’s KDCA (Korea Disease Control and Prevention 
Agency). It is a secondary analysis study that uses raw data 
from Korea Community Health Surveys and related pledges to 
investigate the association between functional limitation due to 
SCD and falling, the number of falling for middle-aged group 
and old-aged group living in Korea, and used them for analysis 
after approval of data requests. The KCHS was conducted to 
establish and evaluate health policies by securing local health 
statistics according to the implementation of the local govern-
ment system to understand the health status of local residents. 
In addition, it will be used as basic data for calculating health 
statistics at the city, county, and district levels necessary for 
establishing local health care plans, expanding infrastructure, 
and evaluating the performance of local health projects. The 
Korea community health survey is an annual sample survey of 
251 public health centers in 16 cities/province since 2008, and 
was extracted using a systematic extraction method in consid-
eration of the number of households based on the number of 
households by type of house in Tong, Ban/ri. In addition, this is 
the data surveyed so that representative samples can be 
extracted from adults aged 19 or older among the sample 
household members. A total of 229,099 people participated in 
the 2019 Korean Community Health Survey, and trained inves-
tigators visited sample households in person and conducted 
measurement surveys and 1:1 interviews.

This study analyzed the association between functional 
limitation due to SCD and falling, the number of falling of 
the middle-aged group (45–64 years) and the old-aged 
(Over 65 years) group by applying individual weights 
imposed on 35,387 people, excluding 66,627 people under 
45 years of age and people diagnosed the dementia, 
126,589 missing values for functional limitation due to 
SCD, 59 missing values for falling and the number of fall-
ing, 437 missing values for control variables

Independent variables

Independent variable was functional limitation due to 
SCD. SCD was self-observed impairment of more fre-
quent or worsening of memory loss or confusion within 
the prior 12 months. SCD and functional limitation due to 
SCD were measured by the Behavioral Risk Factor 



Lee et al. 3

Surveillance System (BRFSS), “During the last year, have 
you experienced memory loss or confusion getting worse 
or happening more often?“” If participants indicated that 
SCD was present, they were asked about functional limita-
tion due to SCD, as follows: “During the last year, how 
often have your day-to-day activities (ex: cooking, clean-
ing, taking medicine, driving, or paying bills, etc.) been 
hindered or needed help because of your confusion or 
memory loss?”; “If you needed help in daily life because 
you were confused or your memory was poor, how often 
did you receive help when you needed it?”; and “During 
the last year, how often have you been disturbed in your 
work life, volunteering, and social activities?” The 
response categories included always, usually, sometimes, 
rarely, or never. functional limitation due to SCD was 
identified by memory loss or confusion that disturbed the 
participants’ work life, volunteering, and social activities, 
or day-to-day activities (e.g. cooking, cleaning, taking 
medicine, driving, or paying bills). This study classified 
these responses into two groups as follows: functional 
limitation due to SCD group (always, usually, or some-
times) and non-functional limitation due to SCD group 
(rarely or never).

Dependent variables

The dependent variables in this study were falling and the 
number of falls. A falling was defined as one or more falls 
in the past 12 months. To assess the history of falling, par-
ticipants were asked “whether they had fallen during the 
past 12 month”; If the response was “yes,” the response 
was defined as a fall experience group, and if the response 
was “no,” it was defined as a fall experience group. Also, 
the number of falls was defined in response to “How many 
times have you fallen during the past 1 year ?.”

Control variables

In this study, predefined data such as “Sex,” “Education 
level,” “Marital status,” “Residential area,” and 
“Household monthly income” of the community health 
survey were selected as variables. sex was classified into 
“male” and “female.” Marital status was classified into 
“married” and “single (including separated, divorced).” 
Education level was classified into “elementary school 
graduates or lower,” “middle school graduates,” “high 
school graduates,” and “college graduates or higher,” and 
residential areas were classified into “Capital area,” “ 
Metropolitan city” and “ Rural area.” and household 
monthly income was classified into “≤ 100,” “100–200,” 
“200–300” and “≥ 300.” As variables for health behavior 
factors, predefined data such as “Smoking status,” 
“Drinking status,” “Regular Walking,” “Moderate or vig-
orous Exercise,” “Self-rated health,” “Perceived stress 
level,” “Diabetes diagnosis” and “ Hypertension 

diagnosis” were selected as variables. Smoking status and 
Drinking status were classified as “Ever” and “Never.” 
Regular Walking and Moderate or vigorous Exercise were 
classified into “Yes” and “No.” Self-rated health and 
Perceived stress level were classified into “very,” “less” 
and “low.” Diabetes diagnosis and Hypertension diagnosis 
were classified into “Yes” and “No.”

Analytical approach and statistics

In this study, to analyze the association between functional 
limitations due to SCD and falls, the number of falls in the 
middle-aged and old-aged group, after controlling the cor-
rection variables of the study subjects, to check the differ-
ence in the distribution of the dependent variable according 
to the independent variable, the Rao-Scott Chi square test 
was used for the “Whether or not falls” dependent vari-
able. and Mann-Whitney U (for two-group comparisons) 
or Kruskal-Wallis test (for more than two-group compari-
sons) was used for the “number of falls” dependent vari-
able. In addition, weighted logistic regression analysis was 
used to investigate the association between functional 
limitations due to SCD and falls, and weighted zero-
inflated Poisson regression analysis was used to investi-
gate the association between functional limitation due to 
SCD and the number of falls. For all analyses, the criterion 
for statistical significance was p ≤ 0.05, two tailed. All 
analyses were carried out using the SAS statistical soft-
ware package, version 9.4 (SAS Institute, Cary, NC, USA).

Results

Table 1 shows the general characteristics of participants in 
determining the relationship between functional limitation 
due to SCD and falls and the number of falls among the 
middle-aged and older adult groups.

 In the middle-aged group, of the total of 14,122 partici-
pants, the fall experience rate was 18.2% (n = 2551), and the 
mean number of falls was 1.83. The percentage of middle-
aged people with functional limitations due to SCD was 
20.2% (n = 2875). The fall experience rate for this group was 
27.7% (n = 799), and the mean number of falls was 2.20.

 In the older adult group, of the total of 21,265 partici-
pants, the fall experience rate was 24.1% (n = 5146), and 
the mean number of falls was 1.79. The percentage of older 
people with functional limitations due to SCD was 36.3% 
(n = 7915). The fall experience rate in this group was 31.3% 
(n = 2405), and the mean number of falls was 2.00.

Table 2 shows the results of the control variable correc-
tion to determine the association between functional limi-
tation due to SCD and falls and the number of falls among 
the middle-aged and older adult groups.

 In the middle-aged group, functional limitation due to 
SCD group had a higher fall experience rate (Odds Ratio 
[OR]:1.58, 95% Confidence Interval [CI]:1.40–1.79) and 
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Table 2. Factors associated with falling in the group of Functional limitation due to SCD.

Variables Middle-aged Group Old-aged Group

Falling* Number of Falling* Falling* Number of Falling*

AORa 95% CI IRRb 95% CI AORa 95% CI IRRb 95% CI

Functional limitation due to SCD
 No 1.00 1.00 1.00 1.00  
 Yes 1.58 (1.40–1.79) 1.41 (1.40–1.42) 1.40 (1.29–1.53) 1.41 (1.40–1.41)
Sex
 Male 1.00 1.00 1.00 1.00  
 Female 1.29 (1.07–1.55) 1.04 (1.03–1.05) 1.15 (1.00–1.33) 0.91 (0.91–0.92)
Marital status
 Married 0.79 (0.69–0.90) 0.88 (0.88–0.89) 0.84 (0.76–0.93) 0.97 (0.96–0.97)
 Single (Separated, divorced) 1.00 1.00 1.00 1.00  
Educational Level
 Under Elementary school 1.06 (0.89–1.26) 1.21 (1.20–1.22) 1.17 (0.96–1.43) 1.44 (1.43–1.46)
 Middle school 1.19 (1.01–1.40) 1.06 (1.05–1.07) 1.12 (0.91–1.38) 1.25 (1.24–1.27)
 High school 0.98 (0.86–1.13) 1.13 (1.12–1.14) 1.02 (0.83–1.25) 1.29 (1.27–1.30)
 Over College 1.00 1.00 1.00 1.00  
Monthly household income
 Under 100 1.32 (1.09–1.59) 1.40 (1.39–1.41) 1.04 (0.91–1.17) 1.06 (1.05–1.07)
 100–200 1.09 (0.92–1.28) 1.14 (1.13–1.15) 0.91 (0.80–1.03) 1.02 (1.02–1.03)
 200–300 0.97 (0.83–1.14) 1.08 (1.07–1.08) 0.92 (0.79–1.06) 0.89 (0.88–0.90)
 Over 300 1.00 1.00 1.00 1.00  
Residency Region
 Capital area 1.00 1.00 1.00 1.00  
 Metropolitan city 1.05 (0.92–1.21) 0.94 (0.93–0.94) 0.93 (0.83–1.04) 0.88 (0.88–0.89)
 Rural area 1.08 (0.95–1.23) 0.95 (0.94–0.95) 0.91 (0.82–1.01) 1.02 (1.01–1.02)
Smoking Status(within lifetime)
 Ever 1.05 (0.87–1.26) 1.05 (1.05–1.06) 0.90 (0.78–1.03) 0.95 (0.94–0.96)
 Never 1.00 1.00 1.00 1.00  
Alcohol Status(within lifetime)
 Ever 1.12 (0.95–1.33) 1.06 (1.05–1.07) 1.01 (0.92–1.11) 0.96 (0.96–0.97)
 Never 1.00 1.00 1.00 1.00  
RWE
 No 0.95 (0.85–1.06) 0.95 (0.95–0.96) 1.11 (1.01–1.21) 1.12 (1.11–1.12)
 Yes 1.00 1.00 1.00 1.00  
MVPE
 No 0.91 (0.78–1.06) 0.93 (0.92–0.93) 0.88 (0.75–1.03) 0.92 (0.91–0.92)
 Yes 1.00 1.00 1.00 1.00  
Self-Rated Health
 Very 1.00 1.00 1.00 1.00  
 Less 1.16 (1.00–1.35) 1.19 (1.18–1.20) 1.21 (1.02–1.43) 1.13 (1.12–1.15)
 Low 1.93 (1.64–2.27) 1.91 (1.89–1.93) 1.92 (1.63–2.26) 1.92 (1.90–1.94)
Perceived Stress Level
 Very 1.44 (1.20–1.73) 1.44 (1.43–1.46) 1.48 (1.33–1.66) 1.35 (1.34–1.36)
 Less 0.96 (0.80–1.14) 1.00 (0.99–1.01) 1.08 (0.97–1.19) 1.01 (1.00–1.02)
 Low 1.00 1.00 1.00 1.00  
Diabetes Diagnosis
 No 1.00 1.00 1.00 1.00  
 Yes 0.98 (0.83–1.15) 1.05 (1.04–1.06) 1.14 (1.03–1.26) 1.19 (1.18–1.19)
Hypertension Diagnosis
 No 1.00 1.00 1.00 1.00  
 Yes 1.04 (0.91–1.18) 0.96 (0.96–0.97) 1.08 (0.99–1.18) 1.00 (0.99–1.00)

RWE: Regular Walking Exercise; MVPE: Moderate or Vigorous Physical Exercise.
Falling*: Weighted logistic regression analysis predicting the likelihood of experiencing a falling in the past 1 year among all participants.
The number of falling*: Weighted zero-inflated Poisson regression analysis predicting the number of falling in the past 1 year among all participants.
*Weighted.
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also had more falls (Incidence Rate Ratio [IRR]:1.41, 95% 
CI:1.40–1.42) than the non-functional limitation due to 
SCD group. In the older adult group, functional limitation 
due to SCD group had a higher fall experience rate 
(OR:1.40, 95% CI:1.29–1.53) and also had more falls 
(IRR:1.41, 95% CI:1.40–1.41) than the other group.

Table 3 shows the subgroup analysis results of the asso-
ciation between functional limitation due to SCD and falls 
based on exercise was undertaken and exercise intensity 
among middle-aged and older adult groups.

 In the middle-aged group, there was no difference in 
the fall experience rate between the RWE and non-RWE 
groups, but the fall experience rate of the MVPE group 
was higher than the reference group (OR:1.54, 95% 
CI:1.35–1.76), while the fall experience rate for the non-
MVPE group was higher than the reference group 
(OR:1.86, 95% CI:1.36–2.54).

 In the older adult group, the fall experience rate of 
the non-RWE group was higher than the reference group 
(OR:1.54, 95% CI: 1.39–1.71), whereas the fall experi-
ence rate of the RWE group was higher than the refer-
ence group (OR:1.15, 95% CI:0.98–1.35). The fall 
experience rate of the non-MVPE group was higher than 
the reference group (OR:1.41, 95% CI:1.29–1.54), 
whereas the fall experience rate of the MVPE group was 
higher than the reference group (OR:1.32, 95% CI:0.96–
1.82) (Figure 1).

Table 4 shows the subgroup analysis results of the asso-
ciation between functional limitation due to SCD and the 
number of falls based on exercise and exercise intensity 
among the middle-aged and older adult groups.

In the middle-aged group, the number of falls in the 
RWE group was lower than in the non-RWE group 
(IRR:1.31, 95% CI:1.30–1.32), but the MVPE group had a 

Figure 1. Adjusted effect between functional limitation due to SCD and falling by the intensity of exercise.

Table 3. The association between Functional limitation due to 
SCD and Falling by RWE and MVPE.

Variables Fallinga (Middle-aged Group)

Non-RWE RWE

AORb 95% CI AORb 95% CI

Functional limitation due to SCD
 No 1.00 1.00  
 Yes 1.58 (1.35–1.85) 1.59 (1.31–1.93)
 Non-MVPE MVPE
Functional limitation due to SCD
 No 1.00 1.00  
 Yes 1.54 (1.35–1.76) 1.86 (1.36–2.54)

Variables Fallinga (Old-aged Group)

Non-RWE RWE

AORb 95% CI AORb 95% CI

Functional limitation due to SCD
 No 1.00 1.00  
 Yes 1.54 (1.39–1.71) 1.15 (0.98–1.35)
 Non-MVPE MVPE
Functional limitation due to SCD
 No 1.00 1.00  
 Yes 1.41 (1.29–1.54) 1.32 (0.96–1.82)

RWE: Regular Walking Exercise; MVPE: Moderate or Vigorous Physical 
Exercise.
Control variables: Age, Sex, Marital status, Educational Level, Monthly 
household income, Residency Region, Smoking status, Alcohol Status, 
Regular walking, Moderate or Vigorous Exercise, Self-rated health, 
Perceived stress level, Diabetes diagnosis, Hypertension diagnosis.
Fallinga: Weighted logistic regression analysis predicting the likelihood 
of experiencing a falling in the past 1 year among all participants.
AORb: Adjusted Odds Ratio.
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Table 4. The association between Functional limitation due to 
SCD and the Number of falling by RWE and MVPE.

VariablesThe number of fallinga (Middle-aged Group)

Non-RWE RWE

IRRb 95% CI IRRb 95% CI

Functional limitation due to SCD
 No 1.00 1.00  
 Yes 1.54 (1.53–1.55) 1.31 (1.30–1.32)
 Non-MVPE MVPE
Functional limitation due to SCD
 No 1.00 1.00  
 Yes 1.38 (1.38–1.39) 1.70 (1.68–1.73)

VariablesThe number of fallinga (Old-aged Group)

Non-RWE RWE

IRRb 95% CI IRRb 95% CI

Functional limitation due to SCD
No 1.00 1.00  
Yes 1.53 (1.52–1.54) 1.23 (1.22–1.24)
 Non-MVPE MVPE
Functional limitation due to SCD
 No 1.00 1.00  
 Yes 1.43 (1.42–1.43) 1.41 (1.39–1.44)

RWE: Regular Walking Exercise; MVPE: Moderate or Vigorous Physical 
Exercise.
Control variables: Age, Sex, Marital status, Educational Level, Monthly 
household income, Residency Region, Smoking status, Alcohol Status, 
Regular walking, Moderate or Vigorous Exercise, Self-rated health, 
Perceived stress level, Diabetes diagnosis, Hypertension diagnosis.
The number of fallinga: Weighted zero-inflated Poisson regression 
analysis predicting the number of falling in the past 1 year among all 
participants.
IRRb: Incidence Rate Ratio.

higher number of falls than the non-MVPE group 
(IRR:1.70, 95% CI:1.68–1.73).

In the older adult group, the number of falls in the RWE 
group was lower than that in the non-RWE group 
(IRR:1.23, 95% CI:1.22–1.24), and the number of falls in 
the MVPE group was lower than that in the non-MVPE 
group (IRR:1.41, 95% CI:1.39–1.44) (Figure 2).

Discussion

With the rapid increase of the population aged 45 and over 
in Korea, the rate of experience with functional limitations 
due to SCD has also increased.5 Despite physiological 
weakness due to aging and the reduction and avoidance of 
physical exercise, they become more vulnerable to falls.8–

10 There have been no studies on the relationship between 
functional limitation due to SCD and falls. Therefore, 
using the 2019 KCHS on adults, this study aimed to pres-
ent basic policy and institutional data to prevent falls 

among this vulnerable group by analyzing the functional 
limitations due to SCD and falls in relation to exercise and 
exercise intensity among middle-aged and older adults.

The results are summarized as follows: In the middle 
and older age groups, the group with functional limitation 
due to SCD had a higher fall experience rate and a higher 
number of falls than the non-functional limitation group. 
Additionally, when analyzing the association between 
functional limitation due to SCD and falls according to 
whether exercise was performed and its intensity, in the 
middle-aged group, the RWE group had a higher fall expe-
rience rate and lower number of falls than the non-RWE 
group. Furthermore, the experience rate and the number of 
falls for the MVPE group were higher than for the non-
MVPE group. By contrast, in the older age group, the 
RWE and MVPE groups had lower fall experience rates 
and fewer falls than the non-exercise group.

The study’s findings, that the fall experience rate and 
the number of falls in the functional limitation due to SCD 
group were higher than those in the non-functional limita-
tion group, are consistent with previous studies23–32. SCD, 
which has a high incidence among middle-aged and older 
adults, can induce psychological effects, such as depres-
sion and stress, that could increase the risk of falls23 In 
particular, according to a previous study that analyzed the 
relationship between SCD and falls in 92,323 middle-aged 
and older adults, SCD caused problems in executive func-
tions that connect cognition to behavior, causing difficul-
ties in walking stability and maintaining posture. The SCD 
group had a 1.61 OR higher fall experience rate than the 
non-SCD group.24,25 Furthermore, when SCD leads to 
functional limitations with physical difficulties, the fall 
rate increases by 40%.26 According to a previous study in 
the United States, the group experiencing functional limi-
tations due to SCD needed the help of others for indoor 
and outdoor activities because of poor health and various 
diseases.8 As a result, RWE and MVPE participation rates 
were significantly lower27; rather, the increase in sedentary 
static exercise did not meet the amount of physical activity 
needed to prevent falls.28 Consequently, the weakening of 
the musculoskeletal and neuromuscular systems, which 
can replace the center of gravity and balance,29,30 sarcope-
nia due to aging and muscle weakness due to decreased 
exercise, makes them more vulnerable to falls.31,32

In addition, the results of this study, that exercise per-
formed in the older age group with functional limitation 
due to SCD was associated with decreased falls, are also 
consistent with previous studies.33–36 According to a previ-
ous study,33–35 as a result of intervening in RWE for 30 min 
or more, 5 days per week and MVPE for 20 min per day to 
prevent falls in older adults over the age of 65 with cogni-
tive impairment, the mismatch in executive function, 
which was the cause of falls, was improved, and the fall 
experience rate decreased by 30%. In addition, as cardiac 
output and oxygen consumption increased, cerebral blood 
flow also increased. As a result, exercise in the older age 
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group had a greater effect on fall prevention than in the 
middle-aged group.36

In this study, the result that the middle-aged MVPE 
group had a higher fall experience rate and number of falls 
than the non-MVPE group is consistent with previous stud-
ies.37–39 As a result of a follow-up on 2193 Americans aged 
45 and over for 5 years, the overall level of physical health 
of the middle-aged was higher than that of older adults. As 
a result of high level of outdoor activity and subjective 
health awareness, the fall rate of the middle age group was 
24.6% higher than the older adults performing high inten-
sity exercises. Among the middle-aged group with func-
tional limitations, there was a stronger association with 
falls [37]. This was because older people had lower health 
awareness and used fewer outdoor activities than the mid-
dle-aged, and improving their physical health through 
MVPE and RWE. The fall experience rate and number of 
falls among the older people were relatively lower than 
those of the middle-aged.37–39 In addition, according to a 
previous study, the fall experience rate for older people 
with cognitive decline and functional limitations decreased 
by 34% when they were provided with a customized exer-
cise program that performed walking exercises at an appro-
priate and fast pace (pace of 10 m) or performed MVPE 10 
times to overcome virtual obstacles.40

However, according to an announcement from the 
Korean Ministry of Health and Welfare, no exercise facili-
ties and programs in the local community were provided 
for the middle-aged group. In 2019, the RWE and MVPE 
practice rates among middle-aged and older adults were 
39.9% and 33%, respectively, which did not consistently 
achieve the target rates set at the beginning of the project.41 
In particular, the rate of physical exercise practice among 

older people, who can effectively prevent falls through 
exercise, was 22.4% in Korea compared to 33.5% in Japan, 
which was lower than in other countries.42

This study hopes to help prevent falls and improve phys-
ical health by encouraging appropriate policy and institu-
tional exercise guidelines, exercise programs that encourage 
regular participation, and physical exercise environments 
for older people with functional restrictions.

This study had some limitations. First, we were unable 
to identify a causal relationship between functional limita-
tion due to SCD and falls and the number of falls because 
the study was cross-sectional. Second, because of limited 
data, we were unable to use accurate measures, such as 
biomarkers, to measure functional limitations due to SCD. 
In addition, functional limitations due to SCD were self-
reported and therefore did not imply a diagnosis of cogni-
tive impairment. Thus, it was impossible to determine 
whether participants were cognitively impaired. Third, 
functional limitation due to SCD measurement could result 
in greater bias when people subjectively evaluate them-
selves. Using the mean value of several functional limita-
tions due to SCD measured within a certain time period 
(e.g. 1 week) in a single participant may be a more reliable 
method of determining the functional limitation due to 
SCD. Finally, our study did not assess a dementia variable, 
which is a confounding factor in the weighted logistic 
regression model between functional limitation due to 
SCD and falling.

However, this study has several strengths. First, this 
was the first study to analyze the association between 
functional limitation due to SCD and falling. Second, it 
used national survey data as well as imposed weights on 
individuals in the population, so the results represent the 

Figure 2. Adjusted effect between functional limitation due to SCD and the number of falling by the intensity of exercise.
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entire Korean population among adults over the age of 
45. Third, this study investigated a variety of variables, 
such as socio-economic characteristics (e.g. age, gender, 
area of residence, education status, marital status, and 
family income), chronic diseases (diabetes and hyper-
tension), perceived stress level and health-related behav-
iors (e.g. drinking alcohol, smoking, self-rated health). 
Fourth, unlike prior studies that focused on the relation-
ship between SCD and falling or depression, this study 
focused on this relationship in older adults who are most 
vulnerable to functional limitations due to SCD and 
falls.

Conclusions

This study investigated the relationship between func-
tional limitation due to SCD and falls in middle-aged and 
older individuals using the 2019 KCHS, a survey of adults 
living in Korea. The study found that the functional limi-
tation group due to SCD had a higher number of falls than 
the non-functional limitation group, and falls and the 
number of falls were relatively reduced when RWE and 
MVPE were practised in the older adult group compared 
to the middle-aged group. In old age, the amount of physi-
cal exercise decreases rapidly, and it is predicted that falls 
can be reduced by encouraging active exercise participa-
tion by providing functional them with exercise guide-
lines for the prevention of falls, exercise programs that 
encourage regular participation and an exercise 
environment.
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