
INTRODUCTION

South Korea is home to a rapidly aging population. 

Health problems of the elderly are emerging as major 
social issues including aging and degenerative diseases 
[1]. Health and social problems represent major issues 
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because the numbers of the elderly are expected to rise, 
which increases the risk of falls and other consequences 
[1,2]. In particular, complications caused by falls in the 
elderly are undermining the quality of life and increasing 
medical costs [2]. 

Falls are major causes of mortality, disability, and 
physical limitation in the elderly. In 2011, 21% of Koreans 
above the age of 65 years experienced a fall while 47.4% 
experienced after-effects of a fall [2]. Falls can cause 
physical and mental damage limiting body movement 
because of pain, thus limiting their social activities [3]. 
Elderly population in the community often suffer physi-
cal losses such as muscular dystrophy, altered equilib-
rium, and endurance due to lack of exercise. As a result, 
their daily life functions are impaired [4]. 

Studies related to falls have focused on the number of 
patients, risk factors, and outcomes [1,3,5]. These stud-
ies vary by country and regions and employ a variety of 
assessment tools, items, and scoring systems. Several 
studies have shown that the fall rate in South Korea var-
ies widely from region to region. The risk factors for falls 
have been extensively documented making it difficult 
to identify factors necessary for education of the elderly 
population about fall prevention [4,5]. 

About 25% of all elderly over the age of 65 years reside 
in the rural areas of South Korea, and exhibit a range 
of disabilities in urban areas due to continuous subsis-
tence activities [6]. Elderly people in rural areas adopt 
a traditional life style compared to cities. Most of them 
are engaged in outdoor activities. Rural areas have many 
uneven or sloping road surfaces. Thus, the elderly popu-
lation in the rural areas are at a higher risk of falls com-
pared to those in the urban areas. In addition, a majority 
of the elderly individuals living in rural areas are alone 
with limited daily activities, a lower educational level, 
and an increased risk of developing musculoskeletal dis-
eases due to aging and agricultural life style [5,7,8]. 

A limited number of studies investigated the conditions 
and risk factors of falls in the rural elderly population. 
Most of the previous studies were conducted with com-
munity or hospitalized patients based on interviews or 
questionnaires [3,9,10]. Cho et al. [3] have reported that 
an elderly person who lives alone or independently with 
heart disease or urinary incontinence has an increased 
risk of falling. Sohng and Choi [9] have reported that an-
kle joint strength, education, marital status, visual func-

tion, and daily life performance scores are significant risk 
factors for elderly falls. Ryeom et al. [10] have reported 
that factors associated with falls include age, past medi-
cal history (stroke, orthostatic hypotension, and dizzi-
ness), cognitive function, depression, and medications. 

Many studies have attempted to identify various risk 
factors associated with elderly falls. However, most of 
these studies were conducted using interviews and sur-
veys [1,3,9,10]. Descriptive studies analyzing endogenous 
factors such as lower limb strength, torque, and sarco-
penia increasing the risk of falls in the elderly are lack-
ing. Few studies have measured the lower limb strength, 
torque, and skeletal muscle mass in the rural elderly 
population. 

Loss of muscle strength due to increasing age has been 
suggested as one of the main factors contributing to 
functional limitation or gait abnormality in the activi-
ties of daily living [6,9,11,12]. Sohng and Choi [9] have 
reported a higher risk of falls in subjects with weakened 
ankle muscle strength, which decreases coping ability 
leading to loss of balance and results in falls. Hortobagyi 
et al. [11] have shown that elderly people exhibit muscle 
weakness due to musculoskeletal degenerative changes 
and underlying diseases. Therefore, falls can be triggered 
by a change in walking and a decrease in balance control 
function. ‘Torque’, the rotational effect involving muscles 
and joints, contributes to decreased muscle strength and 
walking ability [6]. Measurement of strength and torque 
is important when measuring the risk of falls in the elder-
ly. Other studies reported that the knee or ankle strength 
determine the risk of falling in the elderly [4,9]. Com-
pared with previous studies, we found that hip strength, 
hip torque, knee torque, and knee strength were risk fac-
tors. 

We evaluated the risk factors for falls in the rural elderly 
and analyzed the characteristics. Because of the differ-
ences in living environment between rural and urban 
areas, it is necessary to analyze the fall factors in rural 
areas. In this study, we conducted a questionnaire survey 
of the demographic characteristics, social environment, 
cognitive function, and educational level of subjects. 
Compared with previous studies, we performed a physi-
cal examination using objective measurement tools to 
determine whether sarcopenia, knee osteoarthritis, leg 
muscle strength, hip, and knee torque were associated 
with the risk factors of falls in the elderly residents of ru-
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ral areas. We analyzed the causes of falls and risk factors 
in the elderly population in rural areas and identified 
differences between fall and non-falls groups. This study 
provides basic data underlying the causes of falls among 
the rural elderly Koreans.

MATERIALS AND METHODS

This retrospective study included elderly farmers living 
in rural areas registered with Gyeongsang National Uni-
versity Hospital’s Center for Farmer’s Safety and Health 
between March 2016 and December 2016. We contacted 
registered farmers by phone or mail to visit the hospital 
once for questionnaire survey and undergo physical ex-
amination. When participants visited the hospital, they 
were asked about demographic characteristics, social en-
vironment, and educational level using a questionnaire. 
The physical examination was performed in the following 
order: cognitive function, lower leg strength and torque, 
body composition, and knee image test. This study was 
approved by the Institutional Review Board of Gyeong-
sang National University Hospital (No. 2016-04-001). 

Participants
In this study, a fall was defined as “falling over to a 

lower position or floor, except falls due to external forces, 
loss of consciousness or paralysis, regardless of the per-
son’s intention” [1]. A person who fell to the floor at least 
once in the past year was defined as a faller. Subjects 
aged more than 65 years were considered elderly.

A sample of 350 elderly subjects were recruited from 
the farmers’ health promotion project. They were di-
vided into two groups: 254 non-fallers and 96 fallers. The 
subjects were excluded from the study if they met one or 
more of the following exclusion criteria: central nervous 
system diseases including stroke, Parkinson disease, Al-
zheimer disease; behavioral or mental disorder limiting 
the comprehension of simple test-related instructions 
(e.g., rising from the chair, walking, turning around, sit-
ting down, standing still, etc.); and blindness. 

Demographic characteristics
Demographic characteristics were assessed by inter-

view using a questionnaire. The questionnaire consisted 
of sex, age, weight (kg), height (cm), relationship with 
family or relatives, final academic background, smoking 

history, alcohol consumption, and the number of falls in 
the previous year.

Cognitive function test 
Cognitive function was assessed using the modified 

version of the Mini-Mental State Exam (MMSE) due to 
low levels of schooling in the elderly population living in 
rural areas. This test comprised 13 items independent of 
schooling with a total possible score ranging from 0 to 20 
points. A higher score pointed toward normal health sta-
tus while lower scores suggested possible dementia [13]. 

Lower extremity strength and power	
The maximal isokinetic strength and torque of lower 

extremity were measured with a Biodex System 4 iso-
kinetic dynamometer (Biodex Medical System, Shirley, 
NY, USA). To measure the hip joint, subjects were asked 
to lay down on a hard bed and asked to move the body to 
the maximum exercise position. The participant’s waist 
was fixed and the strap was placed on the proximal thigh 
to extend from flexion to extension at 45° and 300° per 
second. The knee was slightly flexed during extension. To 
measure the knee joint, the subject was seated in a hard 
chair. The distal thigh was fixed and straps were placed 
on the ankle to perform the movement from maximum 
flexion to extension at 60° and 180° per second. The ankle 
was maintained neutral while moving from knee flex-
ion to extension. The test was repeated twice with a rest 
period of 30 seconds between tests, and the knee test 
was conducted after hip test. Verbal encouragement was 
provided to the subjects for accurate examination during 
testing. Older participants showed reduced muscle func-
tion across the entire range as well as in just one position. 
The results of measurement varied due to limited coop-
eration of each subject. Therefore, the measured values 
of the muscle force and the torque at the angular velocity 
were averaged to reduce the variation. 

Body composition
Body composition of all the participants was measured 

using whole body dual X-ray absorptiometry. Bone min-
eral density (BMD), fat mass, and lean soft-tissue mass of 
the body including arms and legs were measured sepa-
rately. Lean soft-tissue masses of the arms and legs were 
nearly equal to skeletal muscle mass. Due to correlation 
between absolute muscle mass and height, the skeletal 
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muscle mass index (SMI) was calculated using the fol-
lowing formula:

SMI=
Lean mass (kg)

Height (m2)

Appendicular SMI was defined as the sum of arm and 
leg SMIs. Sarcopenia was defined according to the Asia 
Working Group for Sarcopenia criteria (SMI, <5.4 kg/m2 
for women and <7.0 kg/m2 for men) [14].

Absolute BMD (g/cm2) values of lumbar spine, total fe-
mur, and femoral neck were measured using dual energy 
X-ray absorptiometry. According to WHO criteria, osteo-
porosis was defined by a BMD T-score less than -2.5.

Knee osteoarthritis 
Radiological examinations were performed to confirm 

knee arthritis. Osteoarthritis was defined by Kellgren-
Lawrence grade of 2 or more [15].

Statistical analysis
All statistical analyses were performed using SPSS 

version 20.0 (IBM, Armonk, NY, USA). The characteris-
tics of fallers and non-fallers were compared via cross-
tabulation of nominal variables. An independent sample 
t-test was used when the variable was continuous. The 
level of statistical significance was set at p<0.05. In case of 
crossover analysis, the p-value of Fisher accuracy test was 
used when the expected frequency of the cells was 5 or 
less. Logistic regression analysis was performed to iden-
tify the risk factors for fall when the p-value of the vari-
able was 0.05 or less. Falling experience, the dependent 
variable (outcome variable), had a binary value (0 and 1). 
A logistic regression model was used to test the effect of 
independent variables while univariate and multivariate 
analyses were performed by fitting significant variables 
in descriptive statistics to the model. Odds ratios (ORs) 
and corresponding 95% confidence intervals (CIs) were 
calculated for logistic regression. After performing uni-
variate analysis and confirming multicollinearity of fac-
tors related to falls, multivariate analysis was performed 
to confirm factors with poor correlation.

RESULTS

Participants’ demographic characteristics
A total of 350 people participated in this study including 

93 males and 257 females. The 93 males included 80 (86%) 
in the non-faller group and 13 (14%) in the faller group. 
The 257 women included 174 (67.7%) in the non-faller 
group and 83 (32.3%) in the faller group. The average age 
of all participants was 69 years. Significant differences 
were found in gender (p=0.001), age (p=0.003), living ar-
rangement (p<0.001), and final academic background 
(p<0.001) between the faller and the non-faller groups. 
However, a history of cigarette smoking (p=0.184) and 
alcohol drinking (p=0.262) was not significantly different 
between the two groups (Table 1).

Comparison of factors based on fall history
Skeletal muscle mass (p=0.004), MMSE (p=0.01), mean 

Table 1. Demographic characteristics based on the his-
tory of falls 

Characteristic
Non-faller 

(n=254)
Faller  

(n=96)
p-value

Gender 0.001**

      Male 80 (86.0) 13 (14.0)

      Female 174 (67.7) 83 (32.3)

Age (yr) 0.003**

      <60 41 (87.2) 6 (12.8)

      60–69 98 (78.4) 27 (21.6)

      70–79 91 (62.8) 54 (37.2)

      ≥80 24 (72.7) 9 (27.3)

Smoking 0.184

      Smoker 21 (84.0) 4 (16.0)

      Non smoker 233 (71.7) 92 (28.3)

Past year alcohol  
drinker

0.262

      Alcohol drinker 244 (73.3) 89 (26.7)

      Non-alcohol drinker 10 (58.8) 7 (41.2)

Living arrangement <0.001***

      Lives with family  
or relatives

171 (79.5) 44 (20.5)

      Lives alone 83 (84.6) 52 (15.5)

Final academic  
background

0.001**

      Less than middle 
school graduate

161 (67.1) 79 (32.9)

      More than middle 
school graduate

93 (84.6) 17 (15.5)

Values are presented as number of patients (%).
**p<0.01, ***p<0.001.



Fall Risk Assessment in the Elderly

273www.e-arm.org

hip torque (p=0.004), mean hip power (p=0.001), mean 
knee torque (p<0.001), mean knee power (p<0.001), and 
knee osteoarthritis (p=0.003) varied significantly between 
faller and non-faller groups. However, osteoporosis 
(p=0.1309) and sarcopenia (p=0.7714) were not signifi-
cantly different between the groups (Table 2).

Univariate logistic analysis of variables for falls
Univariate logistic analysis was performed based on sta-

tistically significant demographic features and compara-
tive factors including gender, age, living arrangement, fi-
nal academic background, skeletal muscle mass, MMSE, 
knee osteoarthritis, and mean values of hip torque, hip 
power, knee torque, and knee power. In fallers, female 
gender (p=0.001), age (70–79 years, p=0.003), living alone 
(p<0.001), education less than middle school (p=0.001), 
skeletal muscle mass (p=0.004), MMSE (p=0.005), knee 
osteoarthritis (p=0.003), mean hip torque (p=0.005), 
mean hip power (p=0.005), mean knee torque (p<0.001), 
and mean knee power (p<0.001) were significant factors 
related to falls (Table 3).

Multivariate logistic analysis of variables for falls
Multivariate logistic analysis was performed to identify 

variables most relevant to falls among statistically signifi-
cant factors in univariate regression analysis. As a result 
of the analysis, it was confirmed that gender and age 
were statistically significant factors. In the faller group, 
female gender (OR=8.36; 95% CI, 1.64–42.53; p=0.011) 
increased the risk of falling 8.36-fold compared with 
male gender. The age range of 70–79 years (OR=4.72; 95% 
CI, 1.01–22.16; p=0.049) was associated with a 4.72-fold 
higher risk of falling compared with age below 60 years 
(Table 3).

DISCUSSION

We identified the causes and risks of falls in the el-
derly living in rural areas of Korea. Falls are major health 
events in the elderly causing functional impairment and 
affecting their quality of life. In a previous study, 13.3% of 
the elderly reported functional limitations after a fall [16]. 
A study by Tripathy et al. [17] also reported that 14% of 
participants experienced limited mobility and self-man-
agement problems after a fall. Unlike urban areas, elderly 
people living in rural areas exhibit different characteris-
tics according to their living environment, and regional 
and demographic characteristics. Most elderly people in 
rural areas live alone, fail to exercise, manifest chronic 
diseases, and have low educational level [5,8]. Therefore, 
it is necessary to identify the factors that increase the risk 
of falls in the rural elderly residents. 

We first identified the risk factors for falls based on the 
gender of the rural elderly participants, and found that 
females were 4.2-fold more likely to fall than males. This 
finding may be attributed to lower bone formation in 
females than in males, and increased bone resorption 
due to decreased estrogen levels [18]. Higher age and 
female gender have been reported to be significantly as-
sociated with falls in a previous study [16]. Lim et al. [1] 
have reported that females exhibit a higher falling rate 
with worse post-fall results than males. Tromp et al. [19] 
have shown that despite insignificant differences in the 
incidence of repetitive falls between females and males 
a higher number of females sustained a single fall com-
pared with males. In our study, females showed a statisti-
cally significant higher risk for falls than males in both 
univariate and multivariate analyses. The higher risk of 

Table 2. Comparison of factors based on fall history

Characteristic
Non-faller 

(n=254)
Faller 

(n=96)
p-value

Skeletal muscle mass 22.62±4.71 21.01±4.13 0.004**

MMSE 18.89±1.57 18.29±2.05 0.01*

Hip torque mean 56.2±22.4 45.9±20.9 0.004**

Hip power mean 33.8±20.0 24.8±15.6 0.001**

Knee torque mean 45.4±18.0 36.4±15.9 <0.001***

Knee power mean 39.2±17.8 30.3±16.5 <0.001***

Osteoporosis 0.1309

      Normal 91 (79.8) 23 (20.2)

      Osteopenia 111 (68.9) 50 (31.1)

      Osteoporosis 47 (72.3) 18 (27.7)

Knee osteoarthritis 0.003**

      Normal 203 (76.6) 62 (23.4)

      Knee osteoarthritis 51 (60.0) 34 (40.0)

Sarcopenia 0.7714

      Normal 220 (72.9) 82 (27.2)

      Sarcopenia 34 (70.8) 14 (29.2)

Values are presented as mean±standard deviation or 
number (%). 
MMSE, Mini-Mental State Exam.
*p<0.05, **p<0.01, ***p<0.001.
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falls in females is generally related to physical and hor-
monal characteristics associated with aging. However, 
demographic characteristics of rural areas were also 
investigated in this study. The results suggested a dif-
ference in sex ratios depending on the region related to 
population movements and longevity [7,8].

In a previous study, the average age of faller was 78.1 
years and that of non-faller was 69.8 years [20]. The fall 
rate increased with age, with 50% of people over the age 
of 80 sustaining falls each year. The fall rate was the high-
est (42.6%) in patients above 75 years of age, 38.3% in pa-
tients between 65 and 75 years of age, and 19.1% in those 
between 60 and 64 years of age [5]. This result was attrib-
uted to age-related deterioration and functional failure. 
In this study, the rate of falls was the highest (37.2%) in 
the age group of 70s, and the lowest (12.4%) in those in 
their 60s. It was 27.3% in the age group of 80s. Univariate 

and multivariate analyses showed a statistically signifi-
cant risk of falls in the elderly population aged between 
70 and 79 years. In rural areas, aging is on the rise usu-
ally among those in the 70s. A high proportion of people 
in this age group is engaged in agriculture. Conversely, 
productivity was reduced among those above the age of 
80 years [8]. Differences in agricultural activities and age 
distribution are associated with the risk of falling. The 
elderly included in this study were highly distributed in 
the age group of 70–79 years. Therefore, aging may be an 
important risk factor for falls in rural elderly, especially 
those in the age category of 70–79 years.

Avlund et al. [21] have reported that falls were associat-
ed with decreased muscle strength and equilibrium sug-
gesting that improvement in strength and balance might 
be an important factor in fall prevention. Previous studies 
have shown that decreased muscle strength, weakened 

Table 3. Univariate and multivariate analyses based on fall history

Variable
Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value
Gender 

   Male 1 (Ref ) 1 (Ref )

   Female 2.94 (1.55–5.58) 0.001** 8.36 (1.64–42.53) 0.011*

Age (yr)

   <60 1 (Ref ) 1 (Ref )

   60–69 1.88 (0.72–4.90) 0.195 1.78 (0.48–6.58) 0.387

   70–79 4.06 (1.62–10.18) 0.003** 4.72 (1.01–22.19) 0.049*

   ≥80 2.56 (0.81–8.09) 0.109 1.70 (0.18–15.85) 0.64

Living arrangement 

   Lives with family or relatives 1 (Ref ) 1 (Ref )

   Lives alone 2.44 (1.51–3.93) <0.001*** 1.72 (0.79–3.76) 0.174

Final academic background

   More than middle school graduate 1 (Ref ) 1 (Ref )

   Less than middle school graduate 2.68 (1.50–4.81) 0.001** 1.19 (0.40–3.56) 0.76

MMSE 0.83 (0.73–0.95) 0.005** 0.81 (0.64–1.03) 0.08

Knee osteoarthritis 2.18 (1.30–3.67) 0.003** 1.69 (0.73–3.89) 0.22

Skeletal muscle mass 0.92 (0.87–0.97) 0.004** 1.07 (0.93–1.23) 0.329

Hip torque mean 0.98 (0.96–0.99) 0.005** 1.01 (0.94–1.07) 0.879

Hip power mean 0.97 (0.95–0.99) 0.005** 0.97 (0.91–1.04) 0.436

Knee torque mean 0.97 (0.95–0.98) <0.001*** 0.99 (0.90–1.09) 0.797

Knee power mean 0.97 (0.95–0.98) <0.001*** 1.05 (0.96–1.16) 0.292

Adjusted for gender, age, living arrangement, education, skeletal muscle mass, MMSE, knee osteoarthritis, mean val-
ues of hip torque, hip power, knee torque, and knee power. 
OR, odds ratio; CI, confidence interval; MMSE, Mini-Mental State Exam.
*p<0.05, **p<0.01, ***p<0.001.
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leg muscles due to decreased muscle mass, and progres-
sively decreased coordination of ankle and knee after age 
60 increase the risk of falls [22]. Other studies reported 
that the elderly residing in the rural areas have lower 
strength than those living in the community and those 
who sustained falls showed lower leg strength and slower 
walking pace compared with those without falls [20,23]. 
Leg extension strength is required for balance recovery 
after tripping, which explains why the measurement of 
joint extension in lower limbs is the best approach to 
identify fallers [24]. In several studies, knee strength and 
torque changes were measured [23,24]. Patients with 
hip joint abnormality also manifest muscle weakness, 
gait disturbance, and balance deficits that potentially 
increase the risk of falls [25]. Therefore, it was necessary 
to identify risk factors for falls depending on the changes 
in the force of hip joint muscles. Thus, we measured ad-
ditional hip torque and muscle strength. Measurement 
of isokinetic strength has been suggested as the simplest 
method to accurately measure the force-producing ca-
pabilities of muscles [26]. The force created by muscles 
generates a ‘torque’ around the joint calculated as the 
vertical distance between the line of force produced by 
muscles and the center of the joint movement [6]. An 
increase in torque increases the muscle strength while a 
reduction in torque limits the muscle strength. Our study 
was the first report to measure the risk of falls in elderly 
people by measuring the strength and torque of the hip 
and knee together. We hypothesized that the reduction 
in hip and knee strength and torque values increased the 
risk of falls. However, multivariate analysis did not reveal 
any significant association between strength and torque 
values of hip and knee, contrary to our hypothesis, prob-
ably due to the following reasons. First, elderly people 
living in rural areas engaged in agriculture for a long time 
and most of them complained of chronic pain. Second, 
they included many cases of back, knee, and leg surgeries 
for musculoskeletal diseases. Therefore, it was difficult to 
maintain the correct posture during examination. Thus, 
our results may be affected by participants’ inability to 
exercise to obtain adequate muscle strength and torque.

As age increases, muscle mass decreases due to de-
creased bone density. Therefore, the rate of falls experi-
enced is very high in the age group of 80 years or older 
[20]. The likelihood of functional impairment and dis-
ability was approximately twice that of older men and 

three times greater in older women with sarcopenia 
than in older men and women with non-sarcopenia. Ag-
ing and low frequency of physical activity decreases the 
muscle strength by approximately 0.75%–1.0% each year 
since the age of 30 [27]. We hypothesized that the elderly 
living in rural areas lose muscle mass due to chronic ill-
ness and the lack of exercise may increase the risk of falls. 
However, in our study, sarcopenia was not found to be a 
significant risk factor for falls. It was concluded that the 
number of subjects included in the study was too small 
to analyze the factors inducing sarcopenia, which might 
have affected the outcome.

Choi et al. [28] reported that the elderly subjects liv-
ing with families experience fewer falls than those liv-
ing alone. In our study, the results of univariate analysis 
showed a higher likelihood of falls if they lived alone than 
when they lived with their family. However, multivari-
ate analysis did not show significant differences in falls 
sustained. One study found that elderly individuals who 
were living alone had significantly lower cognitive func-
tion because they were more likely to have isolated life 
due to lack of stimulation or sensation, and high bore-
dom [9]. However, the elderly living in rural areas often 
work with the people around them doing farming or 
other tasks. In addition, most of their activities are repeti-
tive and maintain communication with neighbors. These 
characteristics differ from the elderly living in urban ar-
eas.

Mechanical receptors near the knee joint may be vul-
nerable to anatomical changes caused by osteoarthritis, 
thus increasing the risk of patient falls due to knee osteo-
arthritis [29]. Osteoarthritis damages the joint sensation, 
disturbs knee movement, and reduces muscle strength, 
thus increasing the risk of falls due to the loss of dynamic 
posture control [30,31]. Patients with severe knee osteo-
arthritis often suffer from weakened muscle strength lim-
ited quality of life, and increased risk of falls [32]. In this 
study, univariate analysis showed that knee osteoarthritis 
was associated with falls. However, multivariate analysis 
did not show any statistically significant association be-
tween knee osteoarthritis and risk for falls. We expected 
that older people living in rural areas show an increased 
osteoarthritis of the knee because of repetitive farming 
and traditional lifestyles. However, few of the elderly in-
cluded in our study complained of knee osteoarthritis 
because the subjects included were limited to residents 
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living in a specific area, in contrast to those living in all 
rural areas. 

Falls can be caused by various risk factors. Osteoporo-
sis is a disease in which bone strength is lowered by the 
increased risk of fracture. In general, women have lower 
bone mass than men and estrogen levels that prevent os-
teoporosis are sharply decreased after menopause, which 
increases the risk of osteoporosis [33]. Decreased BMD 
and fractures caused by falls reduces the quality of life in 
the elderly [5]. However, our study showed that osteopo-
rosis was not a significant risk factor for falls probably be-
cause there were fewer patients with osteoporosis among 
the total participants and the lowest number of patients 
in the faller group compared to the non-faller group. 

A significant difference existed in the ratio of uneducat-
ed individuals sustaining falls and those who never had 
falls (60.2% vs. 35.5%, respectively) [20]. Also, those who 
graduated only elementary school showed a 3.15-fold 
higher risk of falling than those who graduated from mid-
dle school or higher [28]. Based on information obtained 
from our study, we found that more than half of the par-
ticipants in the study area failed to graduate from middle 
school. Therefore, educational levels were determined by 
whether or not the subjects attended middle school. Uni-
variate analysis showed that the risk of falls was twice as 
high among those who were educated less than middle 
school. However, this education factor was not statisti-
cally significant in multivariate analysis. Although there 
were a large number of participants who were educated 
less than middle school in the faller group, the level of 
education alone may not limit the risk of falls. Other fac-
tors should be considered together. 

Cognitive impairment of the elderly refers to impaired 
cognitive function and disorientation, or impaired judg-
ment [34]. Dementia is rapidly increasing in elderly 
people aged 65 years and older. Senile dementia induces 
a wide range of cognitive dysfunction that increases the 
risk of falls [35]. Similar results were obtained in this 
study. In univariate analysis, MMSE was found to be a 
significant risk factor for falls. It was found that the higher 
the MMSE score, the lower was the risk of falls. However, 
in multivariate analysis, MMSE was not a statistically 
significant factor for falls. Most of the elderly residents of 
rural areas did not have high academic levels. Experience 
and skills are more important than agronomic knowledge 
for elderly farmers. There was a slight difference in scores 

of cognitive function between fall and non-fall groups 
included in our study. However, their academic level was 
similar. Therefore, it is difficult to judge whether the risk 
factor for falls can be increased by only cognitive function 
score. Elderly people in rural areas require skills, experi-
ence, tips, and recognized environmental changes.

This study has some limitations. First, the number of 
male participants was less than that of females and the 
number of fallers was smaller suggesting that recruitment 
of subjects in a specific region reflected the distribution 
of population. We selected specific rural areas with a 
large number of elderly people. Thus, it was difficult to 
control gender and participant differences in the region. 
Second, we could not determine personal characteristics 
of subjects depending on disease. Dizziness, postural hy-
potension, impaired mobility, use of analgesics and an-
tiepileptic drugs are proven predictors most strongly as-
sociated with recurrent falls in the elderly [17]. However, 
the underlying diseases of subjects and medications used 
were unknown. We could not identify the risk of falls due 
to differences in such factors. Third, when measuring leg 
strength and torque, we could not distinguish the limited 
factors of measurement. Results of this study might be 
inaccurate if the same method was used without consid-
ering functional limitations due to musculoskeletal pain 
and disease. 

The purpose of this study was to investigate the risk fac-
tors for fall and provide useful data for the prevention of 
falls by analyzing the risk factors in the elderly in rural 
areas. Based on results of the present study, the following 
factors need to be considered in the future to identify fall 
risk and establish effective prevention measures. First, it 
is necessary to develop evaluation tools that can measure 
the physical function in the elderly residents in the rural 
areas. Most leg strength can be confirmed using manual 
muscle test. However, it lacks objective information. Our 
study attempted to measure muscle strength and torque 
objectively. Unfortunately, it was difficult to measure 
because the machine was large and heavy. Second, the 
risk factors for falls in rural areas vary because of the dif-
ferent regional characteristics, population distribution, 
and living environment. Therefore, it is necessary to ana-
lyze several areas to obtain further information related to 
falls.

Results of this study can be used to evaluate fall pre-
ventive factors in a comprehensive manner. They can be 
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also used as basic data to determine the risk factors for 
falls in rural areas. In addition, since environmental and 
regional factors vary in each community, it is necessary 
to evaluate other regions in the future. Based on these re-
sults, we conclude that female gender and elderly status 
(70–79 years) are important risk factors for falls in rural 
areas. Therefore, special consideration should be focused 
on these factors in evaluating the risk in the rural elderly 
population.
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