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and falls among older adults in rural China: are
there gender and age related differences?
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Abstract

Background: The relationship between physical activity (PA) and falls among older adults is inconsistent, and little is
known about the gender-specific association between falls and PA. Moreover, age may modify this relationship. This
study aimed to test the association between PA and falls and to investigate the gender and age differences in the
association among rural older adults.

Methods: This cross-sectional data were derived from the baseline survey of Shandong Rural Elderly Health Cohort
(SREHQ). In total, 3,242 rural older adults aged 60 years and above were included in the analysis. PA was measured

by the International Physical Activity Questionnaire Short Form (IPAQ-S). PA levels were classified as low, moderate,
elevated and high according to quartiles. Volume of moderate-to-vigorous physical activity (MVPA) was categorized
into low, moderate, elevated, and high level based on global recommendations. Information on falls was determined
from in-person interviews. Falling was defined to participants as ending up on the floor or ground because they were
unable to stop themselves. Logistic regression analysis was employed to explore the association between falls and PA.

Results: Of 3,242 rural older adults, the incidence of falls was 13.1%. In older adults, high levels of PA [odds ratio

(OR) =0.65, 95% confidence interval (Cl): 0.47-0.90] or MVPA (OR=0.68, 95% Cl: 0.50-0.94) were related to falls. Mod-
erate (OR=4.84, 95% Cl: 1.68-13.94) or high (OR=0.54, 95% Cl: 0.30-0.99) levels of MVPA were associated with falls in
older men. But elevated levels of PA were associated with falls (OR=10.60, 95% Cl: 0.42-0.87) in older women. Among
older people younger than 75 years, elevated (OR=0.54, 95% Cl: 0.37-0.79) or high (OR=0.68, 95% Cl: 0.48-0.98)
levels of PA were associated with falls.

Conclusions: Among Chinese rural older adults, PA and MVPA are associated with falls, and there are gender and age
differences. To prevent falls, measures need to account for individuals'gender and age to encourage rural older adults
to participate more actively in PA. We will conduct longitudinal studies to clarify the causal relationship between PA
and fall.

Keywords: Physical activity, Moderate-to-vigorous physical activity, Falls, Older adults, Gender, Age, Differences

Background

Falls are a leading cause of serious injuries, disabilities

and death among older adults [1, 2]. According to the
. World Health Organization’s estimation, each year an
‘%Z:f:f%:ieegc\teﬁ rf/lhac:wuacgzemnSE?ZEg)SF’iL\JifS;'eC;arCh, School of Public estimated 684,000 individuals die from falls globally,
Health, Cheeloo College of Medicine, Shandong University, Jinan 250012, and adults older than 60 years of age suffer the great-

China est number of fatal falls [2]. Data from National Injury
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Monitoring System (2014) in China found among peo-
ple aged 60 and over, there were 77,779 accidental
injuries, of which 52.8% were caused by falls [3]. Falls
and affiliated injuries place enormous pressures on
national healthcare system and increase medical cost
[4]. Early identification of risk factors of falls for older
adults is important for preventing falls.

Physical activity (PA) is important for preserving
physical function and mobility, which can then delay
the onset of major disability [5]. PA, as a single inter-
vention, is the most commonly tested fall prevention
intervention and previous studies have shown PA can
prevents falls [6]. Some studies found that low or high
levels of PA were associated with falls in older adults
[7, 8], indicating that there was a U-shaped relation-
ship between PA and falls. In contrast, other studies
reported that high levels of PA could reduce the risk of
falls [9, 10]. A recent ten-year population-based longi-
tudinal study in Australia found that older adults who
increased their own moderate-to-vigorous physical
activity (MVPA) further reduced the risk of falls [11].
Consistent evidence shows that low levels of activity
are associated with falls among older adults. However,
it remains controversial that whether high levels of
activity would eventually increase falls.

A population-based study in the United States found
that older women were more likely than older men to
report falls and seek related medical care [12]. Previ-
ous studies have found that older women had a higher
incidence of falls than older men [4, 13, 14]. Lower
mid-calf muscle was independently associated with
a higher likelihood of falls in both women and men
[15]. A follow-up study in the United States found that
older men and women with frequent falls had differ-
ent PA patterns [16]. Although several studies have
demonstrated the gender differences in falls and PA
separately, it is unclear whether there are gender dif-
ferences in the association between PA and falls. In
addition, the rate of fall-related injuries increases with
age [17]. In particular, adults aged 75 and older had
more age-related loss of physical function [18]. How-
ever, research evidence suggested that PA programs
improved physical function and reduced risk of age-
related loss of physical function in the general aging
population [19]. Thus, age may also modify the rela-
tionship between PA and falls.

Studies found the incidence of falls and PA among
older adults in rural China was higher than that of older
adults in urban China [20, 21]. Therefore, the current
study aims to examine the relationship between PA and
falls in Chinese rural older adults, and to explore the
gender and age differences in the relationship between
PA and falls.
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Methods

Study setting and participants

This study used the cross-sectional data from the base-
line survey of Shandong Rural Elderly Health Cohort
(SREHC), which was conducted from May to June 2019
in Shandong province, China. Shandong is not only the
second most populous provinces of China with 107 mil-
lion people in 2018, but also with the largest number of
aging population. People aged 60 and over accounted for
22.3% of the total population in 2018. A multistage strati-
fied cluster sampling method was used to select partici-
pants. Firstly, according to the Gross Domestic Product
(GDP) per capita in Shandong in 2018, we selected three
rural counties (Rushan in Weihai, Qufu in Jining, and
Laoling in Dezhou) as study sites. Secondly, five town-
ships were randomly selected from each rural county.
Thirdly, we randomly selected four villages from each
of the selected townships. Finally, people aged or over
60 years old were randomly selected from each sample
village. Inclusion criteria were (1) permanent residents
who lived in the village for over 6 months in the past year,
and (2) aged 60 years old and above. Exclusion criterion
were (1) respondents who had an inability to complete
the interview or communicate with others, and (2) with a
history of dementia by further asking the village doctors
about the physical condition of the interviewees. We also
excluded the elderly who were unable to walk indepen-
dently. All the respondents were interviewed face-to-face
using a structured questionnaire by trained interviewers
with medical knowledge. The completed questionnaires
were carefully checked by the supervisors each day. In
total, 3,600 individuals were recruited and 3,243 com-
pleted the whole survey, with a response rate of 90.1%.
Of the 3,243 respondents, one respondent was excluded
from analysis due to the lack of data in cognitive survey.
Finally, a total of 3,242 rural older adults were included in
the analysis.

We used the following formula to calculate the sam-
ple size [22]:N = ”“’+(21_”)(n: expected prevalence). Previ-
ous research showed that the prevalence of falls among
Chinese rural older people ranged from 13.5% to 36.4%
[23, 24], so in this study, 7=13%, uy/2=1.96, §=0.1,
7=0.013. We found that the required sample size was
2,571. The total sample size obtained in our study is
3,242, which has reached the required sample size.

Measures

Falls

Falls were determined from in-person interviews. Falling
was defined to participants as ending up on the floor or
ground because they were unable to stop themselves. At
the time of the interview, participants were asked “Have
you had ever fallen on the floor or ground during the past
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12 months?” (yes, no) and “If yes, how many falls have
you had in the past 12 months?” [25]. Falls status was cat-
egorized as having no falls versus falls.

Physical activity

Physical activity (PA) was measured by the Chinese
version of International Physical Activity Question-
naire Short Form (IPAQ-S). The IPAQ-S contains seven
questions, six of which are about PA and the seventh is
sedentary time. More details were described in Addi-
tional file 1: Appendix 1. The reliability and validity of
the IPAQ-S have been confirmed in China [26]. IPAQ-
S includes vigorous physical activity (VPA), moderate
physical activity (MPV) and walking. According to rec-
ognized standards, a metabolic equivalent value (MET)
was assigned to each type of activity [27], where 1 MET
was a resting metabolic rate obtained during quiet sit-
ting. MET value was 8 for VPA, 4 for MPA, and 3.3 for
walking. The individuals participating in some intensity
PA levels each week were: the MET value corresponding
to this PA x frequency per week (days/week) x daily time
(minutes/days). The sum of the three levels of PA is the
overall levels of PA [28]. The levels of PA were divided
into quartiles (low level: < 694 MET, moderate level: 694—
2,772 MET, elevated level: 2,773-4,158 MET, and high
level: > 4,158 MET). We recalculated the quartiles of PA
levels in each subgroup (male: low level: < 694 MET, mod-
erate level: 694-2,772 MET, elevated level: 2,773-4,692
MET, and high level: > 4,692 MET; female: low level: < 694
MET, moderate level: 694-2,772 MET, elevated level:
2,773-4,158 MET, and high level: > 4,158 MET; < 75 years:
low level: <694 MET, moderate level: 694—2,772 MET,
elevated level: 2,773-4,158 MET, and high level: > 4,158
MET; and>75 years: low level:<578 MET, moderate
level: 578—1,386 MET, elevated level: 1,386—-4157 MET,
and high level:>4,157 MET). Concerning moderate-to-
vigorous physical activity (MVPA), the value was com-
puted by multiplying the volume of VPA and MPA by an
assigned MET. Since the lower and higher cut-off points
for the sufficient MVPA are 150 min/week MPA and
300 min/week VPA [29], which were equal to 600 MET
and 2400 MET, respectively. Therefore, the volume of
MVPA was categorized into low level (0 MET), moderate
level (1-599 MET), elevated level (600-2399 MET), and
high level (> 2400 MET).

Covariates

In this study, covariates included sociodemographic,
health behavior and health status variables. Sociodemo-
graphic variables included gender, age, education, and
household income. We measured age, education, and
household income by asking participants about their
year of birth, their highest level of education, and their
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total household income in 2018. Household income
was divided into quartiles (quartile 1:<882 $, quar-
tile 2:>882 $ & <1,730 $, quartile 3:>1,730 $ & <4,217
$, quartile 4:>4,217 $. Average exchange rate in 2018:
1 ¥=6.612 $). of household income in each subgroup
(male: quartile 1: <944 $, quartile 2:>944 $ & <1,730
$, quartile 3:>1,730 $ & <4,008 $, quartile 4:>4,008 $;
female: quartile 1: <817 $, quartile 2:>817 $ & <1,730
$, quartile 3:>1,730 $ & <4,338 $, quartile 4:>4,338
$;<75 years: quartile 1:<1,028 $, quartile 2:>1,028 $
& <2,024 $, quartile 3:>2,024 $ & <4,755 $, quartile
4:>4,755 $; and > 75 years: quartile 1: <580 $, quartile
2:>580 $ & <970 $, quartile 3:>970 $ & <2,099 $, quar-
tile 4:>2,099 $). Health behavior variables included alco-
hol consumption. Alcohol consumption was measured
by asking about the frequency of drinking over the pre-
vious 12 months. Alcohol consumption refers to drink-
ing more than once a week for more than 6 months [30].
Health status variables included body mass index (BMI,
calculated from most recent height and weight), living
alone, number of chronic disease, activities of daily liv-
ing (ADL), psychological distress (PD), and Mini-Mental
State Examination (MMSE). Height (in centimeter) was
self-reported and weight (in kilogram) was measured by
the interviewers. Living alone was identified by the ques-
tion: “Who do you live with now?”. The answers were the
following five types: living alone; living only with spouse;
living only with adult children; living both with spouse
and adult children; and living with people other than the
above. Chronic disease was measured by the questions:
“Have you ever been diagnosed with a chronic disease by
a physician?” If the answer was “yes’, participants were
further asked “How many chronic diseases have you ever
been diagnosed?’;, which was validated by the chronic
disease case management system. ADL were measured
by the Physical Self-Maintenance Scale (PSMS) and
the Instrumental Activity of Daily Living Scale (IADL)
[31]. The 14-item ADL score ranges from 14 to 56, with
higher scores indicating the worse ability of daily living
activities. PD was measured by the Chinese version of
the 10-item Kessler Psychological Distress Scale (K10)
[32]. The total score ranges from 10 to 50. The higher the
score, the worse the mental health status. MMSE was
measured using the 30-item Chinese version of the Mini-
Mental State Examination [33]. The maximum score is 30
points, with the higher scores indicating a better cogni-
tive function.

Statistical analysis

Data were analyzed using SPSS version 24.0. Descriptive
statistics were used to describe characteristics of par-
ticipants based on gender with mean (standard devia-
tion) or frequency (percentage). Pearson’s chi-square
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test for categorical variables and Students t test for
continuous variables were used to compare individual
characteristics among male and female adults. Asso-
ciations between PA and MVPA with falls were assessed
by binary logistic regression. Logistic regression was
used to examine the interactions of gender, age and PA
with MVPA. Associations between PA and MVPA with
falls stratified by gender and age were also assessed by
binary logistic regression. The odds ratio (OR) and 95%
confidence interval (CI) were presented as measures of
effect. In model 1, none covariates were included. Based
on previous research [34, 35], we found that age, gen-
der, education and other confounding factors may also
be associated with falls among older adults. Therefore,
model 2 was based on model 1, with additional adjust-
ing for these covariates. When we conducted the analysis
in each subgroup, we recalculated the quartiles of con-
tinuous values (levels of PA and household income) in
each subgroup (male, female, <75 years, and > 75 years).
We also tested the curve relationship between PA and
falls using curvilinear regression (see Additional file 2:
Appendix 2). The statistically significant threshold was
set at a two-sided and p-value < 0.05.

Results

Characteristics

Participants’ characteristics by gender are shown in
Table 1. Among 3,242 participants, age ranged from 60
to 100 (Mean="70.14). About two-thirds of the partici-
pants were female. Compared with older men partici-
pants, older women participants tended to be younger.
In terms of lifestyle behaviors, older men were more
likely to drink than older women. For health status, older
women were more likely to live alone, have more chronic
diseases, and have high ADL and PD scores. But older
men had higher MMSE scores than older women.

In addition, the proportion of older men engaged in
low, moderate or elevated levels of PA was lower than
that of older women. However, the proportion of older
men participating in high levels of PA was significantly
higher than that of older women. About 26.7% older
adults performed sufficient amount of MVPA as recom-
mended by the WHO. The distribution of MVPA in older
men and women was similar to that of PA. The incidence
of falls in the past 12 months was 13.1%. The distribution
of falls is presented in Additional file 3: Appendix 3.

Association between PA and MVPA with falls among older
adults and subgroups

Table 2 presents the relationship between PA and falls
in older adults. Elevated (OR=0.61, 95% CI: 0.44-0.83,
p=0.002) and high (OR=0.65 95% CI: 0.47-0.90,
p=0.010) levels of PA were associated with falls. High

Page 4 of 11

levels of MVPA were related to falls (OR=0.68, 95% CI:
0.50-0.94, p=0.019). Figure 1 shows that the interac-
tions of gender, age and PA with MVPA was decomposed
by computing simple slopes of gender and age on differ-
ent levels of PA and MVPA.

Table 3 presents the relationship between PA and falls
stratified by gender. Elevated levels of PA were associated
with falls (OR=0.60, 95% CI: 0.42-0.87, p=0.007) only
in older women. However, among older men, moderate
levels of MVPA were associated with falls (OR=4.84,
95% CI: 1.68-13.94, p=0.003). High levels of MVPA
were related to falls (OR=0.54, 95% CI: 0.30-0.99,
»=0.049).

Table 4 shows the relationship between PA and falls
stratified by age. The association between PA or MVPA
and falls was found only in older adults younger than
75 vyears old. Elevated (OR=0.54, 95% CI: 0.37-0.79,
p=<0.001) or high (OR=0.68, 95% CI: 0.48-0.98,
p=0.037) levels of PA were negatively correlated with
falls. Regression results based on single, multiple falls and
continuous falls outcomes are shown in Additional file 4:
Appendix 4.

Discussion

Of 3,242 rural older adults, we found the incidence of
falls in the past 12 months before the survey was 13.1%.
The incidence of falls in this study was lower than that of
rural older adults (60+) in Sichuan (36.4%) [24], Hubei
(13.5%) [23], Ningxia (25.0%) [36], and Beijing (14.5%)
[14], but higher than the 10.9% in rural older adults
(65+) in Shanghai [37]. The incidence of falls varies
greatly in different regions of China. We also found gen-
der differences in falls, with women more likely to be fre-
quent fallers than men.

Although the general population in China is physically
active, only 26.7% of rural older adults meet the WHO’s
weekly MVPA recommendation to achieve health ben-
efits. One possible explanation is that rapid urbanization
often brings new ideas, cultures, and technologies, all of
which facilitate an increasingly sedentary lifestyle [38]
and reduce levels of PA in rural areas. Another possible
reason is that there are no venues and facilities for activi-
ties in some rural areas. We also found that PA participa-
tion rates in older women were significantly lower than
in older men. In Chinese rural areas, it is common that
older women take care of the young grandchildren left at
home, which may hinder their participation in PA.

An inverse association between PA and MVPA with
falls in rural older adults was found. Consistent with
our findings, several studies suggested an association
between high levels of PA and fewer falls in older adults
[11, 39]. Some other studies, in contrast, indicated that
a U-shaped relationship between PA and falls, that was,
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Table 1 Participants' characteristics by gender

Characteristics N (%) Male, n (%) Female, n (%) p-valve

Total 3,242(100.00) 1,181(36.43) 2,061(63.57)

Age (years), Mean (SD) 70.14(6.17) 70.58(6.25) 69.89(6.11) 0.002
<75 2,499(77.08) 883(74.77) 1,616(78.41) 0.018
>75 743(22.92) 298(25.23) 445(21.59)

Education <0.001
lliteracy 1,353(41.73) 266(22.52) 1,087(52.74)

Primary school 1,257(38.77) 539(45.64) 718(34.84)
Junior high school and above 632(19.50) 376(31.84) 256(12.42)

Household income? <0.001
Quartile 1 816(25.17) 253(21.42) 563(27.32)
Quartile 2 803(24.77) 337(28.54) 466(22.61)
Quartile 3 809(24.95) 307(25.99) 502(24.36)
Quartile 4 814(25.11) 284(24.05) 530(25.72)

Alcohol consumption <0.001
No 2,320(71.56) 438(37.09) 1,882(91.31)
Yes 922(28.44) 743(62.91) 179(8.69)

BMI (kg/mz), Mean (SD) 24.31(3.92) 24.24(3.79) 24.35(3.99) 0443

Living alone 0.020
No 2,624(80.94) 981(83.07) 1,643(79.72)

Yes 618(19.06) 200(16.93) 418(20.28)

Number of chronic disease <0.001
0 896(27.64) 362(30.65) 534(25.91)
1 1,205(37.17) 457(38.70) 748(36.29)
>2 1,141(36.19) 362(30.65) 779(37.80)

ADL (scores), Mean (SD) 16.99(4.37) 16.41(4.55) 17.33(4.22) <0.001

PD (scores), Mean (SD) 16.60(7.46) 17(6.79) 1742(7.70) <0.001

MMSE (scores), Mean (SD) 22.91(5.11) 24.45(448) 22.03(5.24) <0.001

PA®, Mean (SD) 3,122.52(3157.60) 3220.17(3185.25) 2473.45(2887.96) <0.001
Low level 997(30.75) 336(28.45) 661(32.07) <0.001
Moderate level 905(27.91) 292(24.72) 613(29.74)

Elevated level 679(20.94) 240(20.32) 439(21.30)
High level 661(20.39) 313(26.50) 348(16. 89)

MVPAS, Mean (SD) 1691.50(4258.07) 1775.75(4370.81) 1131.60(3366.55) 0.004
Low level 2,310(71.25) 764(64.69) 1,546(75.01) <0.001
Moderate level 66(2.04) 21(1.78) 45(2.18)

Elevated level 236(7.28) 84(7.11) 152(7.38)
High level 630(19.43) 312(26.42) 318(1543)

Falls <0.001
No 2,818(86.92) 1,064(90.09) 1,754(85.10)
Yes 424(13.08) 117(9.91) 307(14.90)

SD Standard deviation, BMI Body mass index, ADL Activities of Daily Living, PD Psychological Distress, MMSE Mini-Mental State Examination, PA Physical activity, MVPA
Moderate-to-vigorous physical activity

@ Quartile 1: <882 $; quartile 2:>882 $ & < 1,730 $; quartile 3:> 1,730 $ & <4,217 $; quartile 4:>4,217 $. Average exchange rate in 2018: 1 ¥=6.612 $
b | ow level: < 694 MET; moderate level: 694-2,772 MET; elevated level: 2,773-4,158 MET; high level: > 4,158 MET
¢ Low level: 0 MET; moderate level: 1-599 MET; elevated level: 600-2,399 MET; high level: > 2,400 MET

both high and low levels of PA increased the risk of [39]. Older adults with poorer functional conditions are
falls [7, 8]. PA may increase or decrease the risk of falls  more likely to get tired or suffer from falls, which leads
depending on the functional status of the older adults to lower levels of exercise. For older adults with high
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Table 2 Associations between PA and MVPA with falls among older adults

Variable Model 1 Model 2
OR 95% Cl p-valve OR 95% Cl p-valve
PA
Low level 1.00 1.00
Moderate level 0.80 0.62-1.03 0.082 0.90 0.70-1.17 0.448
Elevated level 0.51 0.38-0.70 <0.001 061 044-0.83 0.002
High level 0.49 0.36-0.67 <0.001 0.65 0.47-0.90 0.010
MVPA
Low level 1.00 1.00
Moderate level 1.62 0.89-2.95 0.118 1.74 0.93-3.25 0.084
Elevated level 0.78 051-1.18 0.232 0.85 0.55-1.30 0447
High level 0.55 041-0.75 <0.001 0.68 0.50-0.94 0.019

PA Physical activity, MVPA Moderate-to-vigorous physical activity, OR Ddds ratio, C/ Confidence interval

Model 1 was unadjusted. Model 2 was adjusted for age, gender, education, household income, alcohol consumption, BM|, living alone, number of chronic disease,
ADL score, PD score and MMSE score

a b
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Fig. 1 The interactions between gender, age and PA on falls among older adults PA, physical activity; MVPA, moderate-to-vigorous physical activity.
a represents PA x gender. b represents MVPA x gender. ¢ represents PA x age. d represents MVPA x age. Models were adjusted for gender, age,
education, household income, alcohol consumption, BMI, living alone, number of chronic disease, ADL score, PD score and MMSE score
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levels of PA, such activity may be beyond their abilities
and increase the likelihood of falls. If physical function
declined and was accompanied by high levels of PA, older
adults might fall.

We found a sex-specific association between PA and
MVPA with falls. Weekly participation in elevated levels
of PA was negatively associated with falls in older women.
But PA was not associated with falls in older men. Older
men with moderate levels of MVPA each week were
more likely to falls, and those with high levels of MVPA
each week were less likely to falls. The study found that
moderate MVPA was associated with more falls, which
might be because that men misclassified themselves on
PA and they truly were in low PA. There is lots of data on
people overestimating their PA with self-reported ques-
tionnaires compared to an objective measure of PA [40].
This finding may also be related to the additional benefit
of MVPA in improving muscle strength, balance and gait
parameters. For instance, Pau et al. found that while both
light and high PA help improve static balance, only the
PA program characterized by superior levels of intensity
was associated with an improvement in dynamic posture
and all considered gait patterns [41]. However, a recent
community survey in the United States showed that
many falls occur in those with low activity/performance,
but most falls occurred in older men (aged 71-91) with
relatively high activity and/or reasonable performance
characteristics [42]. This difference in high PA may be
attributable to the lower overall participation of older
men in MVPA in our study.

We found no correlation between MVPA and falls in
older women. An Australian cohort study of 8,188 older
women (aged 70-75) indicated that the highest lev-
els of high intensity PA were associated with a reduced
risk of falls and fractures, which was inconsistent with
our findings[9]. This might be because that the relation-
ship between PA and falls generally changes with age.
About half of older women in the current study were
under the age of 70. In the younger, high PA tends to be
associated with more falls, whereas in the older, higher
PA tends to be associated with fewer falls [43]. This might
be due to the fundamental differences in daily quantities,
patterns, and trends of PA between younger, healthier
individuals and older, less-functionally intact persons.

A possible explanation for the gender differences in
MVPA is the different division of family roles. Chinese
traditional view holds that men manage affairs out of
the family and women manage internal affairs. Older
women in rural areas spend their time care giving activ-
ities (e.g., sweeping the house or caring for the baby or
other family members), which could interfere with their
continued MVPA participation. That is, they are more
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likely to be obligatorily active and not have the option
to reduce activity in these domains. Usually, older men
go out to do farm work. If they don’t have land, they
will have more time to do exercise. This could be due to
the above mentioned factor that older women are more
committed to completing household chores than to
engaging in PA. Sports and athletics have traditionally
been restricted to and associated with males, masculin-
ity, and the “manly domain”

We also found the negative association between PA
and falls occurred only in older adults younger than75
years. While PA offers many health benefits to older
adults, people in their 60 s and 90 s may need very dif-
ferent volume of PA. Because older adults are over 75,
they are accompanied by more loss of physical function
[18]. High levels of PA could be risky.

This study has implications for practice and policy.
The findings in this study implied for the public health
service managers in rural communities to strengthen
PA participation of older adults to prevent falls. In
addition, rural community managers should build
activity venues and facilities to encourage rural older
adults to participate more actively in PA based on their
gender. It is recommended to encourage older women
or younger elderly to participate more and continue to
participate in elevated levels of PA. It is recommended
to encourage older men to participate in high levels of
MVPA. At the same time, measures should be taken to
prevent falls.

This study has several limitations. First, there may be
recall bias of information about falls. Compared with
more rigorous methods such as monthly falls diaries,
our method of falls ascertainment (by annual question-
naire) might have underestimated the incidence of falls.
Second, objective measures of PA should be included
in future study. Thirdly, due to the cross-sectional data,
we cannot determine the casual inference between PA
and falls. Future longitudinal studies are needed to
elucidate the causal association between PA and falls.
Finally, the number of women account for two-thirds of
our sample, which may prevent us from finding a true
relationship between PA and falls in men. There may be
two reasons for an imbalance between the sexes. First,
in the latest China Statistical Yearbook, the proportion
of men aged 60 and above is significantly lower than
that of women [44]. Second, in rural China, men who
are capable of working go out to do odd jobs or do farm
work, and most of those who are at home are women. It
was difficult to find older men during our interviews. In
some other studies [45-47], similarly, the proportion of
female elderly was significantly higher than that of male
elderly.
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Conclusion

High PA is negatively correlated with falls, and there
are gender and age differences in the relationship
between PA and falls among Chinese rural older adults.
Older men who participate in high levels of MVPA are
less likely to fall. Older women or older people younger
than 75 who participate in elevated levels of PA are
less likely to fall. In rural areas, policy makers should
encourage older adults to perform PA based on their
gender and age to prevent falls.
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