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Abstract
Background: To investigate the prevalence of falls and risk factors among older adults in urban and rural
areas and to facilitate the design of fall prevention interventions.

Methods: We used cluster random sampling to investigate the sociodemographic information, living
habits, medical history, and falls among 649 older adult participants. Univariable and multivariable logistic
regression was used to examine fall risk factors in urban and rural areas.

Results: The fall rate and rate of injury from falls among older adults in urban areas were 27.3% and
18.6%, respectively, which were higher than those in rural areas (17.0% and 12.2%; P<0.05). Multivariable
analysis showed that the risk factors for falls among urban older adults included a high school or below
education level (OR=3.737, 95% CI: 1.503~9.291); diabetes medicine use (OR=4.518, 95% CI:
1.228~16.626); incontinence (OR=8.792, 95% CI: 1.894~40.824); lack of fall prevention education (OR =
11.907, 95% CI: 1.321 107.354); and reduced balance function (OR = 3.901, 95% CI: 1.894~7.815). The risk
factors among rural older adults included a previous nonfarming occupation (OR=2.496, 95% CI:
1.416~4.398); incontinence (OR =11.396, 95% CI: 1.901~68.327); poor living environment (OR=3.457, 95%
CI: 1.488~8.033); and reduced balance function (OR =4.260, 95% CI: 2.361~7.688).

Discussion: The rate of falls among older adults in urban areas is higher than that in rural areas of
Shantou City. Fall prevention in urban areas should target older adults with low education and modify the
diabetes medication use. Interventions should focus on improving the home environment of older adults in
rural areas.

Background
According to a report from the World Health Organization (WHO), 646,000 people die from falls every year
worldwide, the majority of whom are adults over 65 years old; falls have become the second largest cause
of unintentional injury death after to road tra�c injuries [1]. The WHO notes that falls are the main threat to
the health of older adults throughout the world and the leading cause of injuries and injury-related
mortality. The consequences of falls among older adults are not only physical trauma and disability but
also a series of psychological problems, such as fear of falls, depression and anxiety[2]. The high incidence
of falls, disability and mortality in older adults suggests the urgent need for preventative measures.

According to China's National Bureau of Statistics, by the end of 2018, approximately 249 million of
Chinese citizens were older adults aged 60 and over, accounting for 17.9% of the population; among these,
approximately 167 million individuals were aged 65 and over, accounting for 11.9% of the total population
[3]. Aging is a global issue, and China also faces this serious problem. The health care costs for older
adults continue to increase, bringing a burden to the family and society. The Centers for Disease Control
and Prevention (CDC) in the United States reports that more than one quarter of older adults over 65 years
old fall every year, and every 20 minutes, an older adult dies from a fall. More than 3 million people
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(approximately 1%) receive fall injury treatment in the emergency room every year, and the total medical
cost of falls exceeds 50 billion US dollars[4].

Falls among older adults are the result of the interaction of various factors. According to previous studies,
these consist of both internal and external risk factors. Internal risk factors include physiological factors
(balance, vision, etc.), pathological factors (stroke, Parkinson's disease, etc.), pharmaceutical factors
(antidepressant use, hypoglycemic agent use, etc.), and psychological factors (depression, anxiety, etc.).
External factors include environmental factors (dim lighting, lack of handrails in bathrooms, etc.) and
social factors (income level, living alone, etc.)[5]. There are many studies on falls among older adults in
foreign countries, and some developed countries have carried out numerous interventions to reduce the
occurrence of falls among older adults and the injuries they cause[6, 7, 8]. However, due to the ethnic and
regional differences between China and other countries, the factors that affect falls among older adults
may also differ.

According to the sixth census in China (2010), the size of the rural population is 660 million, among whom
nearly 100 million individuals are over 60 years old, accounting for 15.15% of the population [9]. However,
domestic research has mainly focused on the investigation of older adults in developed cities, including
Beijing, Shanghai, and Shenzhen[10, 11, 12]. There is a lack of investigation of older adults in rural areas.
Older adults in rural areas are an underserved group; many policies and services for older adults are
prioritized for those living in urban areas, and medical conditions, income levels and living environments in
rural areas are considered worse than their urban counterparts. Therefore, older adults in rural areas are
typically ignored when compared to those living in cities. At the same time, the cultural levels and living
habits and environments of older adults in urban and rural areas are also different [13, 14]. Therefore, the
aim of this study was to investigate the fall status among older adults Shantou City and to compare the
different risk factors between urban and rural areas to guide fall prevention and health decision-making for
these two populations of older adults.

Methods
Subjects

Older adults were recruited from the urban and rural areas of Shantou City, China. Inclusion criteria were
(1) age ≥ 60 years; (2) ability to walk independently or rely on auxiliary facilities; (3) residence in the local
area for 1 year; (4) ability to understand the survey and cooperate with the completion of the assessment;
and (5) willingness to participate in the survey and research and ability to sign informed consent.
Exclusion criteria included older adults who (1) were unable to walk in the past year; (2) had severe illness
or dysfunction; (3) were unable to complete medical examinations and assessment projects; and (4) had
cognitive dysfunction and thus an inability to answer questions correctly.

De�nition of fall
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A fall is a sudden involuntary or unintentional change of body position, resulting in a drop to the ground or
a lower plane [5]. According to the classi�cation of falls from the International Classi�cation of Diseases
(ICD-10), falls include the following two categories: (1) a fall from one plane to another and (2) a fall onto
the same plane [5].

Study design

We conducted a cross-sectional study from April 2018 to December 2018. A cluster random sampling
method was used to recruit older adults aged 60 and over in Jinping District and Chenghai District of
Shantou City with whom we conducted a face-to-face survey. The researchers �lled out the questionnaires
because older adults with low education levels and poor visual acuity could not fully understand the
content of the questionnaire by themselves. Interviews were conducted in the participants’ homes by
trained researchers using local dialects in plain language.

Survey contents

Demographic information included gender, age, occupation, and education level of the participants. Health
status included hearing, vision, medication, and incontinence. Information on fall situations included the
incidence of falls and injuries related to falls in one year, which was obtained with a self-report form. If the
participant had fallen within the past year, a fall situation form was required to be completed. The fall
situation form included fall times, places, locations, and severity. Information about living environment
was based on a survey from the "Evaluation Form for Preventing Older Adults from Falling in the Home
Environment Risk Factors"[5]via direct observation by the researcher, including (1) the �oors and
passageways (whether sundries are piled up in the corridor and antiskid �oor tiles are used); (2) the living
room (su�cient lighting, armrests for commonly used chairs, etc.); (3) the bedroom (dual control lighting
switches, telephone installed at the head of the bed, etc.); (4) the kitchen (good ventilation and installed
telephone) and (5) the bathroom (smooth drainage, armrests beside the toilet, etc.). The number of home
environment issues was divided into three levels: (1) ≤1; (2) 2-3; and (3)>3. We also used the Older Adults
Balance Ability Test Scale to assess the balance ability of older adults and the risk of falling[5].
Measurements were selected from the "Older Adults Balance Ability Test Scale" in the "Technical Guide for
Falling Interventions for Older Adults", which include the following three parts: (1) static balance ability; (2)
posture control ability; and (3) dynamic balance ability. The classi�cation of the scale was as follows: (1)
0 points: good balance ability; (2) 1-4 points: acceptable balance ability but increased risk of falling; (3) 5-
16 points: greatly weakened balance ability and greater risk of falling; and (4) 17-24 points: poor balance
ability and greatest risk of falling and injury[5].

Data analysis

EpiData 3.1 was used for double data entry veri�cation. SPSS 24.0 was used for data analysis.
Classi�cation (categorical) data are described by frequency and percentage. Measurement (continuous)
data are described by the mean and standard deviation (X ± SD). Comparisons of percentages were
performed by the X2 test. The risk factors for falls were examined using unconditional logistics regression
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analysis (maximum likelihood forward method), and the odds ratio (OR) and its 95% con�dence interval
(CI) were calculated. The explanatory variables were �rst analyzed by univariable analysis. Factors with
statistical signi�cance (P <0.05) were entered into a model for multivariable analysis. The standard
variable α was introduced as 0.05, and the standard variable excluded as β was 0.1.

Results
A total of 649 older adults were surveyed from urban and rural areas in this study. A total of 254
questionnaires were issued in urban areas and 231 were returned, resulting in a response rate of 90.9%;
451 questionnaires were issued in rural areas and 418 were returned, resulting in a response rate of 92.7%.
The survey respondents in the urban areas were 60–83 years old, with an average age of 67.39 (SD 4.61)
years, and the survey respondents in the rural areas were 60–88 years old, with an average age of 72.71
(SD 7.62) years. The demographic characteristics of the urban and rural older adult participants are shown
in Table 1.
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Table 1
Demographic characteristics of older adults in Shantou City

Characteristics urban areas rural areas p-value

n % n %

Gender         0.457

Male 67 29.0 133 31.8  

Female 164 71.0 285 68.2  

Age         0.063

60–69 170 73.6 282 67.5  

70–79 54 23.4 106 25.4  

≥ 80 7 3.0 30 7.2  

Education level         < 0.01

High school and below 172 74.5 355 85.0  

College and above 59 25.5 63 15.0  

Previous occupation         < 0.01

farmer 8 3.5 230 55.0  

worker 113 48.9 120 28.7  

teacher 22 9.5 14 3.3  

cadres or civil servants 62 26.8 9 2.2  

other 26 11.2 45 10.8  

Average monthly income         < 0.01

Less than 2500 yuan 74 32.1 397 95.5  

2500–3500 yuan 93 40.2 20 4.8  

3500–5000 yuan 37 16.0 1 0.2  

5000 yuan or more 27 11.7 0 0.0  

Living alone         < 0.01

Yes 27 11.7 118 28.2  

No 204 88.3 300 71.8  

Comparisons between urban and rural older adults in Shantou City
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Among the 649 older adult participants, 134 had fallen at least once in the past year, an incidence of
20.65%; 94 had received injuries as a result of falls, for an injury rate of 14.48%. See Table 2 for the fall
and injury rates in both urban and rural areas.

Table 2
Comparisons between urban and rural older adults in Shantou City

Area Fall

(N)

Fall rate (%) P Injuries (N) Injury rate (%) P

Urban areas 63 27.3 0.02 43 18.6 0.026

Rural areas 71 17.0 51 12.2

Analysis of risk factors for falls among older adults in the past year

Univariable analysis of risk factors for falls among older adults in urban and rural areas in Shantou City in
the past year.

Univariable analysis showed that six factors were associated with older adult falls in urban areas in the
past year, including education level, whether they were afraid of falling, whether they took diabetes drugs,
whether they had incontinence, whether they had received fall prevention education, and balance function
(P < 0.05). Six factors were also associated with older adult falls in rural areas in the past year, including
their previous occupation (farmer or nonfarmer), whether they were afraid of falling, whether they had
incontinence, whether they used canes, living environment problems and balance ability (P < 0.05) (see
Supplementary Table 1).

Multifactor analysis of risk factors for falls among older adults in the past year.

Signi�cant variables (P < 0.05) from the univariable analysis as well as age and gender were included in
the multivariable logistic regression analysis, and a stepwise method (partial maximum likelihood forward
method) was used to determine variables for inclusion. The variable standard = 0.05 and the variable
exclusion standard = 0.1 were used. The dependent variable was whether or not a fall occurred.
Multivariable logistic regression analysis showed that low education level, diabetes medication use,
incontinence, lack of fall prevention education, and poor balance ability were associated with risk of fall
among the urban older adults (Table 3). Nonfarming as the previous occupation, incontinence, home
environment issues, and poor balance ability were related to the risk of fall among the rural older adults
(Table 4).
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Table 3
Multifactor logistic regression analysis for older adults falling in urban areas in the past year

Factor Comparison
group

Reference
group

β SE Wald p-
value*

OR 95% CI

Education
level

High school
and below

College
and
above

1.318 0.465 8.046 0.005* 3.737 1.503–
9.291

Diabetes
medicine
use

Yes No 1.508 0.665 5.147 0.023* 4.518 1.228–
16.626

Incontinence Yes No 2.174 0.783 7.700 0.006* 8.792 1.894–
40.824

Fall
prevention
education

No Yes 2.477 1.122 4.874 0.027* 11.907 1.321-
107.354

Balance Reduced Normal 1.361 0.354 14.745 < 
0.001*

3.901 1.947–
7.815

Constant     -5.438 1.236 19.358 < 
0.001

0.004  

Notes: OR: odds ratio, 95% CI: 95% con�dence interval.

*P < .05.
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Table 4
Multifactor logistic regression analysis for older adults falling in rural areas in the past year

Factor Comparison
group

Reference
group

β SE Wald p-
value*

OR 95% CI

Previous
occupation

nonfarmer farmer 0.915 0.289 10.010 0.002* 2.496 1.416–
4.398

Incontinence Yes No 2.433 0.914 7.090 0.008* 11.396 1.901–
68.327

Home
environment
issues

  ≤ 1     8.432 0.015*    

  2–3   0.284 0.311 0.832 0.362 1.329 0.722–
2.446

  > 3   1.240 0.430 8.317 0.004* 3.457 1.488–
8.033

Balance Reduced Normal 1.449 0.301 23.162 0.001* 4.260 2.361–
7.688

Constant     -3.254 0.375 75.449 0.001 0.039  

Notes: OR: odds ratio, 95% CI: 95% con�dence interval.

*P < .05.

Discussion
The incidence of falls among older adult people in Shantou City in the past year was 20.65%, which was
higher than the result of a meta-analysis in China (18.3%) [15], lower than that of Cape Town (26.4%) in
South Africa[16]and close to that of South Korea (20.95%)[17] and Japan (20.8%) [18]. The fall rate and rate
of injury from falls among older adults in urban areas were higher than those among older adults in rural
areas. This is consistent with the study by Li[12] but different from the study by He[14]. The discrepancies
may be due to the comprehensive in�uence of regional culture, gender structure, age structure, education
level and economic income of older adults, which suggests the need to carry out intervention measures
according to speci�c fall circumstances in different regions.

Similar risk factors for both areas

Incontinence was a risk factor for falls in both urban (OR = 8.792) and rural areas (OR = 11.396). This is
consistent with the results from Choi and Kim’s studies [17, 19], indicating that incontinence is a common
risk factor across different regions and populations. Incontinence causes a corresponding increase in the
frequency of urination in older adults, which itself is increased further due to an increased water intake
resulting from the hot climate in Shantou and the rich tea culture in China. This increased frequency of
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urination, especially at night, greatly increases the risk of falling. Therefore, targeted intervention for older
adults with incontinence or urinary system infection may effectively prevent and reduce the risk of falls.

Decreased balance ability was a risk factor for falls in both urban (OR = 3.901) and rural areas (OR = 
4.260). Our �nding is consistent with the results of Zhao and Hou’s studies[20, 21], in which they found that
the balance ability of older adults decreases with age. This is due to the structural and functional
impairment and degradation of the bones, joints, ligaments and muscles with age [5]. At the same time,
degradation of the central nervous system degeneration and osteoporosis affect older adults’ muscle
strength, sensation, coordination, reaction times, and ability to move [5]. All of these factors contribute to
the increased risk of falling. Physical exercise has been shown to improve balance in older adults,
including Taijiquan [22]. Regular physical exercise helps enhance muscle strength and balance[23]. In
addition, group-based exercise helps older adults interact and communicate, which improves their mental
health and con�dence and reduces their fear of falling [24].

Different risk factors between rural and urban areas

Older adults with lower education levels and who lack fall prevention education have a higher risk of fall.
The ORs for these two factors were 3.737 and 11.907 for the urban area, respectively. This is consistent
with the �ndings of Huang[25]. The proportion of older adults who have received fall prevention education
in Shantou City is only 16.80%. Older adults with higher education levels generally have a higher standard
of living and a greater sense of self-protection[26]. Older adults with low education levels are less aware of
the knowledge of fall prevention. Their low level of consciousness may increase their exposure to falls. For
older adults in rural areas, due to their overall low level of education and limited access to fall prevention
education, the level of education and whether they had received fall prevention education were not
signi�cantly associated with the incidence of falling. Our results suggest that more education should be
provided to older adults to prevent falls, especially in less educated and underdeveloped areas. More
attention should be paid to the popularization and dissemination of fall prevention programs, and targeted
health education should be carried out to improve the awareness among older adults to prevent falls.

Taking diabetes medication increased the risk of falling by 4.518 times compared to not taking diabetes
medicine, which is consistent with the results of Berlie’s study[27]. Diabetes occurs in older adults after
taking too much diabetes medication. Studies have found that patients with diabetes have twice the risk of
diabetes than those without diabetes[28]. Older adults with diabetes often have complications and take
multiple drugs for many years. One study showed that the side effects of one or more drugs can increase
the risk of falls in older adults[29]. Older adults have weakened memory, take more chronic medications
daily, and lack correct guidance from a doctor. In the process of taking the medication, they are prone to
inappropriate doses and an increased risk of falling. Therefore, we should pay attention to the daily
medication of older adults and provide guidance and education on medication management, especially
those with diabetes.
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Conclusions
Older adults in urban areas have a higher rate of falling than those in rural areas of Shantou City. Our
focus for fall prevention interventions should target older adults with low education levels and include
instructions for taking diabetes medicine. Interventions in rural areas should focus on improving the living
environment of older adults. There are similarities and differences in the risk factors among older adults in
different regions. Targeted interventions for different older adult populations may be more effective in
reducing the risk of falls.

Abbreviations
OR: Odds ratio

WHO: World Health Organization

Previous occupation as a farmer was a protective factor for falls among rural older adults. One
explanation is that past engagement in labor was a protective form of physical exercise, which may have
improved their physical �tness over time[12]. However, when we compared and analyzed previous
occupation and balance, we did not �nd an association between older adults who used to be farmers and
their balance ability. The possible reason is that the cause of fall is affected by many factors and does not
only depend on the level of balance. On the other hand, few older adults in urban areas were previously
employed as farmers, which may explain the lack of statistical signi�cance of their occupation on fall risk.

This study found that rural older adults who had more than 3 home environment issues had a 3.457-fold
higher risk of falling than those with 1 or no home environment issues. Sophonratanapokin’s study[30] also
indicated that a high number of home environment issues was a risk factor for falls among older adults.
Our investigation found that the living environment of rural older adults in Shantou City is much worse
than that of urban older adults. The living environment of rural older adults (�oor and passageways, living
room, bedroom, kitchen, and bathroom) is littered with many potential safety hazards. Some households
even lack separate toilets, which greatly increases the risk of older adults falling. This study found that
28.2% of rural older adults lived alone, and nearly half of falls occurred at home. Therefore, there is an
urgent need to conduct a comprehensive assessment of the home environment of older adults and identify
hazards to reduce their risk of falls.

The limitations of this study mainly include the following: First, the questionnaire survey covered falls in
the past year, which could be affected by the worsening memory of older adults and therefore recall bias.
However, this is a common issue for most survey studies. Considering that older adults of Shantou City are
not well educated, especially rural older adults who are mostly illiterate, the questionnaires were �lled out
by the researchers asking the questions to the older adults. Our investigators have been trained for
consistency in data collection to reduce subjectivity. To address the memory problems of older adults, the
researchers made multiple inquiries in local dialects to reduce recall bias. Second, falls among older adults
are the result of the interaction of multiple factors. However, this study focused on investigating the
internal risk factors for older adults but less on external risk factors.
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