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Falls are a major health problem for elderly populations worldwide. We analyzed data from
the 2011 Korean Community Health Survey to identify potential risk factors for falls in a
representative population-based sample of community-dwelling older Korean adults. Risk
factors for falls were assessed by multivariate survey logistic regression models. The
prevalence of falls was 36.5% in males and 63.5% in females. Age and female sex were
associated with a higher risk of falls. Similarly, living alone, living in an urban area, poor
self-rated health, and high stress were associated with a high risk of falls. Subjects with
diabetes mellitus, stroke, osteoarthritis, osteoporosis, urinary incontinence, cataracts, or
depression had a high risk of falls. However, subjects with hypertension were at low risk for
falls. In conclusion, age, female sex, marital status, residence location, self-rated health,
stress, and several chronic conditions were significantly associated with the risk for falls in
the older Korean adults. Our findings suggest that these risk factors should be addressed in
public health policies for preventing falls.
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INTRODUCTION

Falls are a major health problem for elderly populations world-
wide. Atleast one-third of elderly people experience one or more
falls each year (1). Recent studies have shown that 25%-40% of
people aged 65 yr and over experience falls at least once per
year (2-4). Falls are a leading cause of injury in people aged 65
yr and older. The rate of hospitalization caused by falls in peo-
ple aged 60 yr and older in Australia, Canada, and England rang-
es from 1.6 to 3.0 per 10,000 population (5).

Falls are caused by the interaction of multiple risk factors (6).
Thus, the identification and removal of risk factors associated
with falls is a high clinical priority. A previous meta-analysis re-
vealed that a history of falls, instrumental disability, walking aid
use, cognitive impairment, history of stroke, urinary inconti-
nence, theumatic disease, dizziness and vertigo, diabetes, pain,
fear of falling, Parkinson’s disease, a number of medications,
use of sedatives, use of antiepileptics, and gait problems were
associated with the risk of falls (7).

Although several studies have investigated the risk factors as-
sociated with falls in elderly people in various countries, few
have been conducted on the Korean population (8-10), and of
those, most had limitations such as small sample sizes (about
500) and highly selective populations. Furthermore, no previ-
ous study has investigated risk factors associated with falls in a
nationally representative sample in Korea. The present study
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identified potential risk factors for falls in a representative pop-
ulation-based sample of community-dwelling older Korean
adults.

MATERIALS AND METHODS

Subjects

Our study was based on data from the 2011 Korean Community
Health Survey (KCHS) performed in Korea, between Septem-
ber and November 2011. The KCHS is an annual national health
survey conducted since 2008 to provide country-level health
indicators of adults aged 19 yr or older. The 2011 KCHS used a
multistage sampling design to select representative households.
A total of 229,226 subjects participated in the 2011 KCHS. Our
analysis was restricted to 56,624 participants who were aged 65
yr or older. Of those, 13,257 subjects were excluded because of
missing data. Thus, our study included 43,367 subjects aged 65
yr and older (19,592 males and 23,775 females).

Definition of falls

Falls were defined as one or more falls in the past 12 months. To
assess the history of falls, participants were asked whether they
had fallen during the past 12 months and, if yes, how often.

Covariates
Body mass index (BMI) was calculated using self-reported hei-
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ght and weight. Marital status was coded into two categories
(married/partnered, never married/non-partnered). House-
hold income was determined by each subject’s reported month-
ly household income in Korean won and categorized as < one
million and > 1.01 million Korean won (1,100 KRW is approxi-
mately equal to one US dollar). Educational attainment was
categorized as uneducated and higher than elementary school.
Type of residence was categorized as detached house or other.
Self-rated health was ascertained using the question ‘In gener-
al, how is your health? with choices of ‘very good, ‘good, ‘ordi-
nary, ‘poor, or ‘very poor, and was categorized as good health,
ordinary, or poor health. Stress experienced was categorized as
substantial, some, or little or no stress. Residence location was
categorized as a rural or urban. Smoking status was classified
as never smoker (smoked < 100 cigarettes in their lifetime and
not currently smoking) and current smoker (smoked > 100 cig-
arettes in their lifetime and currently a smoker). Current alco-
hol intake was defined as drinking alcohol at least once per mon-
th in the current year. Physical activity was categorized as ab-
sence versus presence of vigorous or moderate physical activity
more than once per week. History of hypertension, diabetes
mellitus, and dyslipidemia were defined as the use of medica-
tion for these diseases. History of stroke, coronary heart disease,
osteoarthritis, osteoporosis, urinary incontinence, cataracts,
and depression were assessed by self-report of a physician’s di-
agnosis.

Statistical analysis

The data were analyzed to obtain descriptive statistics. Contin-
uous variables were expressed as mean values + standard devi-
ation. Categorical variables were analyzed using the chi-square
test. Potential risk factors were selected based on review of liter-
ature. Multivariate survey logistic regression models were used
to identify the risk factors for fallers and odds ratio (OR) and
95% confidence interval (CI) were calculated in the multivari-
ate model that included all potential risk factors as indepen-
dent variables. The statistical tests were conducted using the
STATA software, version 12.0 SE (StataCorp, College Station,
TX, USA), and P values < 0.05 were considered to indicate sta-
tistical significance.

Ethics statement

The study protocol of 2011 KCHS was reviewed and approved
by the institutional review board of Korean Centers for Disease
Control and Prevention (2011-05CON-04-C). All participants
provided informed consent.

RESULTS

Table 1 shows the general characteristics of the study participants.
The mean age of fallers was 73.2 + 5.8 yr and that of non-fallers
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was 72.8 + 5.8 yr. The prevalence of falls was 36.5% in males and
63.5% in females. Compared with non-fallers, fallers had a sig-
nificantly higher proportion of never married or non-partnered,
alow household income, no education, and lived in a residence
other than a detached house, respectively. Furthermore, a high-
er proportion of fallers reported poor health and high stress
than did non-fallers. However, non-fallers had a higher rate of
current smoking, current alcohol intake, and physical activity.
Compared with non-fallers, a higher percentage of fallers had
hypertension, diabetes mellitus, dyslipidemia, stroke, coronary
heart disease, osteoarthritis, osteoporosis, urinary incontinence,
cataracts, and depression. Fig. 1 shows the prevalence of falls
according to sex and age. The prevalence of falls was higher in
females than in males and increased with age in both sexes.

Table 2 shows the multivariate logistic regression model for
the risk of falls. Age (OR per 10 yr, 1.10; 95% CI, 1.04-1.17) and
female sex (OR, 1.17; 95% CI, 1.08-1.27) were associated with a
higher risk for falls. Living alone (OR, 1.13; 95% CI, 1.05-1.21),
living in an urban area (OR, 1.10; 95% CI, 1.03-1.17), poor self-
rated health (OR, 1.27; 95% CI, 1.16-1.38), and high stress (OR,
1.54; 95% CI, 1.44-1.65) were associated with a high risk of falls.
Furthermore, subjects with diabetes mellitus (OR, 1.14; 95% CI,
1.05-1.23), stroke (OR, 1.44; 95% ClI, 1.28-1.62), osteoarthritis
(OR, 1.33; 95% CI, 1.24-1.42), osteoporosis (OR, 1.24; 95% CI,
1.15-1.34), urinary incontinence (OR, 1.22; 95% CI, 1.08 -1.37),
cataracts (OR, 1.27; 95% CI, 1.19-1.35), and depression (OR, 1.47;
95% CI, 1.27-1.70) had a high risk of falls. However, subjects with
hypertension were at low risk for falls (OR, 0.88; 95% CI, 0.83-
0.94).

DISCUSSION

We identified potential risk factors for falls among older Korean
adults. We found that advanced age, female sex, marital status,
location of residence, poor self-rated health, diabetes mellitus,
stroke, osteoarthritis, osteoporosis, urinary incontinence, cata-
racts, depression, and stress were associated with an increased
risk of falls. To our knowledge, ours is the first study of a nation-
ally representative sample of older Korean adults to identify risk
factors for falls.

Age is a key risk factor for falls (11); and our finding that age
was significantly associated with the risk of falls is consistent
with previous studies and systematic reviews (7, 12, 13). More-
over, our finding that females were at higher risk for falls than
males is consistent with several previous reports that female sex
is a significant risk factor for falls (3, 4, 13-15). In contrast, one
community-based study found that the risk of falls was compa-
rable in males and females (16). The authors noted that the male
participants in their study received more home care services
and experienced more traumatic injuries caused by a falling
than males in other studies, and suggested that this difference
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Table 1. General characteristics of study participants according to falls history

Characteristics Non-fallers (n = 34,283) Fallers (n = 9,084) Pvalue
Age (y) 728 £ 5.8 732 £ 5.8 < 0.001
Sex < 0.001
Male 16,280 (47.5%) 3,312 (36.5%)
Female 18,003 (52.5%) 5,772 (63.5%)
BMI (kg/m?) 22.7 £ 32 22.7 £ 3.2 <0.283
Married (%) < 0.001
Married/partnered 22,922 (66.9) 5,329 (58.7)
Never married/non-partnered 11,361 (33.1) 3,755 (41.3)
Household income (Korean won) < 0.001
>1.01 million 12,923 (37.7%) 3,168 (34.9%)
< One million 21,360 (62.3%) 5,913 (65.1%)
Education (%) < 0.001
Higher than elementary school 22,505 (65.6) 5,397 (59.4)
Uneducated 11,778 (34.4) 3,687 (40.6)
Residence type (%) 0.004
Other 9,685 (28.3) 2,705 (29.8)
Detached house 24,598 (71.7) 6,379 (70.2)
Self-rated health (%) < 0.001
Good 7,619 (22.2) 1,276 (14.0)
Ordinary or poor 26,664 (77.8) 7,808 (86.0)
Current smoker (%) 4,739 (13.8) 1,053 (11.6) < 0.001
Current alcohol intake (%) 10,853 (31.7) 2,466 (27.1) < 0.001
Physical activity (%) 11,421 (33.3) 2719 (29.9) <0.001
Hypertension (%) 16,193 (47.2) 4,444 (48.9) 0.004
Diabetes mellitus (%) 5,613 (16.4) 1,744 (19.2) <0.001
Dyslipidemia (%) 2,754 (8.0) 895 (9.9) < 0.001
Stroke (%) 1,766 (5.2) 724 (8.0) < 0.001
Coronary heart disease (%) 2,427 (7.1) 787 (8.7) 0.001
Osteoarthritis (%) 10,332 (30.1) 3,792 (41.7) <0.001
Osteoporosis (%) 6,593 (19.2) 2,622 (28.9) <0.001
Urinary incontinence (%) 1,436 (4.2) 688 (7.6) < 0.001
Cataract (%) 9,991 (29.1) 3,533 (38.9) < 0.001
Depression (%) 957 (2.8) 503 (5.5) < 0.001
Stress (%) < 0.001
Little or no stress 27,599 (80.5) 6,376 (70.2)
Substantial or some stress 6,684 (19.5) 2,708 (29.8)
Location of residence < 0.001
Rural 21,206 (61.9%) 5,394 (59.4%)
Urban 13,077 (38.1%) 3,690 (40.6%)
Y may explain the conflicting findings (16). Several factors may
(32 - OMen o Women  m Al underlie the gender difference in the risk of falling, including
. the reluctance of males to report falling, sex differences in leg
- 249 o 243 muscle strength (14), the result of variables not examined in
' 211 : 22 our study (i.e., differences in gait, knee action) (17), and factors
20 - - 18.4 18.7 associated with being female, such as osteoporosis (18).
157 7] Previous investigations of the association between living alone
and falls have reported inconsistent results. Australian research-
10l ers reported that participants who lived with someone had a
low risk for falls (15); however, several previous studies found
that living alone was not associated with falls (12, 19, 20). A com-
munity-based study found that living alone was inversely asso-
0 ciated with falls (21). Living alone is often considered a proxy
65-69 70-74 75-79 80+ ) ]
Age (1) for social support. Elderly people who live alone may have low-

Fig. 1. Prevalence of falling by sex and age groups.

1484  http://jkms.org

er social status and depression caused by isolation and loneli-
ness (22). A community-based study found that the frequency
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Table 2. Multivariate logistic regression analysis of risk factors for falls

Variables OR* 95% Cl Pvalue
Age (10yr) 110 1.04-1.17 0.001
Sex 117  1.08-1.27 <0.001
BMI (kg/m?) 1.01  1.00-1.02 0.047
Married (married/partnered vs. never married/  1.13  1.05-1.21 0.001
non-partnered)
House income (Korean won) (> 1.01 million 1.00 0.94-1.07 0.945
vs. < One million)
Education (higher than elementary school 1.05 0.98-1.13 0.164
vs. Uuneducated)
Residence type (other vs. detached house) 1.03  0.96-1.11 0.424
Location of residence (rural vs. urban) 110  1.03-1.17 0.007
Self-rated health (good vs. ordinary or poor) 127 1.16-1.38 < 0.001
Current smoker 094  0.85-1.03 0.192
Current alcohol intake 1.06  0.98-1.12 0172
Physical activity 0.95 0.89-1.02 0.174
Hypertension 0.88 0.83-094 <0.001
Diabetes mellitus 114 1.05-1.23 0.001
Dyslipidemia 1.05 0.95-1.16 0.334
Stroke 144 1.28-162 <0.001
Coronary heart disease 110  0.99-1.22 0.087
Osteoarthritis 133  1.24-142 < 0.001
Osteoporosis 124 1.15-1.34 <0.001
Urinary incontinence 122  1.08-1.37 0.001
(Cataracts 127 1.19-1.35 <0.001
Depression 147 127170 < 0.001
Stress (little or no stress vs. substantial or 154 144165 <0.001

some stress)

*Adjusted odds ratios were calculated in the multivariate logistic regression that in-
cluded all variables in the Table as independent variables.

of social interaction was inversely related to reported falls (23).
Furthermore, a high level of social support provided by family
and friends is associated with a low incidence of falls (24). We
found that living alone was associated with an increased risk for
falls.

In this study, participants who rated their health as ‘ordinary’
or ‘poor’ were at a high risk for falls, which is consistent with a
previous report showing that respondents who rated their gen-
eral health as ‘fair or poor’ had a high risk for falls (15). A Swed-
ish study found that poor self-rated health was significantly as-
sociated with falls in males and females (25). Furthermore, a
community-based study revealed that poor self-rated health
was significantly associated with recurrent falls (16). These find-
ings suggest that self-rated health status may be useful for iden-
tifying those at risk for falls, particularly when clinical assess-
ments may be too expensive or difficult to implement (26).

The use of antihypertensive drugs may cause postural hypo-
tension (27) leading to syncope and falls (28). A systematic re-
view and meta-analysis conducted in Italy found that the use of
antihypertensive drugs was significantly associated with the
risk for falls (7). Moreover, a Chinese community-based study
found that participants who experienced orthostatic hypoten-
sion and hypertension had an increased risk for falls (29). Con-
versely, we found that the risk for falls was decreased in partici-
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pants who used antihypertensive medications. Similar to this
study, a Canadian study based on data from the National Popu-
lation Health Survey found that the use of antihypertensive me-
dication was associated with a decreased risk for falls, with an
odds ratio of 0.42 (13). Interestingly, in a review of drug treat-
ment and falls, no certain association was found between anti-
hypertensive drugs and an increased risk of falls (30). The in-
consistency of these findings may be due to discrepancies in
population and study design. In addition, the effect of antihy-
pertensive on falls may be influenced by the type or time after
initiation of antihypertensive drugs. A Canadian study revealed
that initiation of antihypertensive drugs is associated with an
increased risk of falls during the first 45 days of treatment (31).
However, our study is limited by the lack of information about
the type and time period of antihypertensive medication. There-
fore, further studies are needed to clarify this issue.

We found that participants who had diabetes mellitus, stroke,
osteoarthritis, osteoporosis, urinary incontinence, cataracts,
and depression had an increased risk of falls. These results are
consistent with those of two recent systematic reviews that found
a number of chronic conditions, including visual impairment,
depression, urinary incontinence, diabetes, and arthritis and
history of stroke were associated with an increased risk for falls
(7, 32). Similarly, a community-based study found that partici-
pants who had diabetes, stroke sequel, cataracts, osteoarthritis,
or depression were at an increased risk for falls (29). A recent
community-based study reported that osteoporosis may be as-
sociated with falls in older females (18). Overall, several previ-
ous studies have found that older people who have one or more
chronic diseases are at a significantly increased risk of falls (4, 6,
16, 19, 21, 25, 29, 33).

We found that participants who reported having high levels
of stress were at high risk for falls. A previous study found that
emotional stress may trigger falls and contribute to injuries among
autonomous elderly people (34). The authors suggested that a
changing gaze strategy may explain the relationship between
stress and injurious fall. In stressful situations, older people use
a gaze strategy that is unfavorable for balance control, and as a
result, premature gaze transfer contributes to an increased inci-
dence in falls (35). Stress is not a common risk factor for falls;
thus, it has not been widely investigated in this context.

We found that participants who lived in urban areas were at
higher risk for falls than those living in rural areas. Differences
in the distribution of known risk factors and environmental con-
ditions may account for this finding. In contrast, a community-
based study found that older people living in rural areas had a
significantly higher number of falls than those living in urban
areas (36). The authors suggested that the difference could be
explained by the fact that older people who live in rural areas
had poor health and greater physical impairment than those in
urban communities may account for the difference. In our study,
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participants who lived in urban areas had more chronic condi-
tions, such as diabetes, stroke, incontinence, and depression
than those living in rural areas (data not shown); however, ad-
justment for these variables did not attenuate the association
between residence in an urban area and the risk for falls. We
found a significant difference between rural and urban areas in
the site of falls, suggesting that the distribution of environmen-
tal risk factors may account for differences in the risk of falls be-

tween these locations.

Our study had several limitations. First, we used a cross-sec-

tional design; thus, we were not able to establish causal relation-
ships between the independent variables and the risk of falls.
Second, we relied on self-reports for the incidence of falls, which
may have resulted in underreporting. Finally, our study did not
consider several known risk factors for falls such as gait prob-
lems, hypotension, dizziness, and use of a walking aid.

In conclusion, we found that age, female sex, marital status,

location of residence, self-rated health, stress, and several chron-
ic conditions were significantly associated with the risk for falls
in older Korean adults. Our findings suggest that these risk factors
should be addressed in public health policies to prevent falls.
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