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Abstract
Background  Although some studies have examined the association between exercise and falls, most have focused 
on specific exercises, and the results have been inconsistent. In addition, there is a lack of evidence on elderly Chinese 
women who have different living and exercise habits compared to those in other countries. Therefore, this study 
aimed to investigate whether physical exercise is associated with falls in elderly Chinese women.

Methods  This cross-sectional study included 1429 elderly Chinese women with a mean age of 69.2 years. 
Information on physical exercise habits and fall experiences was collected using a self-report questionnaire. Logistic 
regression models were used to analyze the association between physical exercise habits and falls.

Results  The results showed that 15% participants had a fall in the past year. After adjusting for confounding factors, 
the odd ratios (ORs) and 95% Confidence Intervals (CIs) for fall experiences across categories of exercise frequency 
were as follow: 1 (reference) for no exercise behavior, 0.50 (0.29, 0.85) for exercise 1 to 5 times a week, and 0.37 (0.25, 
0.55) for exercise more than 6 times a week. Furthermore, the ORs (95% CIs) across categories of exercise insistence 
were 1 (reference) for less than 1 year, 0.78 (0.37, 1.65) for 1 to 3 years, and 0.38 (0.20, 0.74) for more than 3 years. In 
terms of exercise duration, the ORs (95% CIs) for < 1 h/day, 1–2 h/day, and > 2 h/day were 1 (reference), 0.85 (0.53, 
1.36), and 2.80 (1.30, 6.05). Unlike other variables, longer exercise duration was associated unfavorably with falls.

Conclusion  Physical exercise habits were associated with falls in elderly Chinese women. Keeping a proper exercise 
habit may contribute to lower risk of falling in elderly women.
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Background
China has become an aging society with more than 18% 
of its population being above 60 years old. Among them, 
14.2% are 65 years or older [1]. By 2050, the country will 
be a super-aged society because the elderly is forecasted 
to constitute more than 30% of the total population [2]. 
One’s physical and mental abilities generally decline 
with age [3, 4]. For the elderly, the prevalence of falling 
increases with the degeneration of their physical func-
tions and worsening of their mental and cognitive health. 
Globally, approximately 28–35% of the elderly above the 
age of 65 suffer from falls annually. For those over the age 
of 70, the rate of falling increases to 32–42%. [5]。Studies 
have shown that 31% of those who fell suffered external 
trauma (such as fractures) that required medical atten-
tion, which led to limited mobility and in turn, more 
severe consequences [6]. The number of falls and frac-
tures is likely to increase with the growing elderly popu-
lation in China, which will be accompanied by external 
trauma caused by falling and the early occurrence of the 
fears of falling and being bedridden. The associated social 
problems, such as increasing medical expenses, are also 
expected to worsen in the future [7].

The causes of falls have been studied and are cat-
egorized into internal and external. The internal causes 
include physical and psychological factors; the exter-
nal causes pertain to the environment, such as uneven 
terrain and slippery grounds [8]. In contrast to exter-
nal causes becoming less significant with the aging of a 
person, internal causes increase in their significance [9]. 
Correspondingly, effective measures can be arrived at 
by focusing on those internal causes. Randomized con-
trolled trials have indicated that training which improves 
balance and enhances lower body strength has a preven-
tative effect on falls [10, 11]. During randomized con-
trolled trials, the impacts of confounding factors can be 
controlled and information such as experimental partici-
pants and contents can be properly managed. Neverthe-
less, such studies were completed under the guidance 
of professionals, conducted in special environments 
(such as specialized scientific research or medical insti-
tutions), and generally lasted a relatively short period of 
3–6 months. These conditions differ substantially from 
real life environments. Moreover, most people do not 
have the opportunity of receiving proper instructions on 
exercising. There are also significant variations between 
individuals in terms of exercise duration, frequency, and 
intensity. In addition, some of these studies have small 
sample size and the majority primarily assess the risk of 
falls indirectly through measures of physical capability 
rather than actual fall experiences. On the other hand, 
some studies have highlighted that certain types and pat-
terns of physical activity might increase the risk for falls 
and fractures [12]; exercise intensity and volume have 

also been shown to be associated with falls [13, 14]. Fol-
lowing from the above, it appears that there was a lack 
of complete consistency among the conclusions arrived 
at by previous studies. Thus, more research is required 
to gather evidence for proving the relationship between 
physical exercise and the prevalence of falling.

It was noted that the living habits of elderly females in 
China may differ from those in other countries; they are 
also more willing to participate in group-based physi-
cal activities that are culturally unique. Therefore, it was 
necessary to verify whether exercise habits were associ-
ated with falls for this population. Previous studies con-
cluded that appropriate exercises had positive impacts 
on physical functions, which implied a reduction in the 
risks of falling. However, there has not been any large-
scale survey involving a huge population to verify the 
relationship between exercise and actual fall experiences 
among elderly females in China. Hence, a cross-sectional 
study was designed to determine whether such a correla-
tion existed, as well as whether there was any correlation 
between various exercise components including exercise 
frequency, duration, intensity, and the period over which 
the exercise habits were maintained and the prevalence 
of falling in elderly Chinese women.

Methods
Participants
The participants of this study were elderly females above 
the age of 60 years old who had previously attended a 
bone health examination for local residents, which was 
conducted for elderly females at the Jiuhua Health Man-
agement Center in the Fengxian District of Shanghai 
from April to May 2019. A face-to-face survey was per-
formed after the health examination in a separate room. 
All participants who had undergone the examination 
were then invited to voluntarily participate in our study. 
Those who agreed provided their written consent after 
receiving an explanation of the purpose of the study. 
Subsequently, they underwent a health check before 
we distributed our questionnaires to them. The present 
study was conducted in accordance with the Declaration 
of Helsinki, and the protocol was approved by the Ethics 
Committee of the Huaiyin Institute of Technology.

	
N =

[
Zα

√
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]2
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2

The exclusion criteria for this study were: (i) persons 
under the age of 60; (ii) persons with physical disabili-
ties; and (iii) persons with respiratory or circulatory dis-
eases, which would have rendered them unsuitable for 
exercise. A total of 1,510 persons agreed to participate in 
the study. After eliminating those persons with missing 
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values or were outliers in their questionnaire or health 
check data (n = 81), the final sample size for the study was 
1,429. (Fig. 1) Study ample size was calculated using the 
following formula, and our sample size is sufficient for 
assessing the association of exercise frequency and other 
exercise behaviors with experience of falls.

Assessment of physical exercise
Physical exercise was assessed using a self-reported ques-
tionnaire which has been used in previous study [15], 
that included four components as follows: (1) Exercise 
frequency was assessed by the question, “During the 
last month, how many days did you exercise per week?” 
Responses ranged from never to seven days. Responses 
were divided into three categories: “Never,” “1  day to 5 
days,” and “≥ 6 days.” (2) Intensity of exercise was assessed 
by the question, “What is the usual intensity of your exer-
cise?” The response options were: “Low intensity: breath-
ing and heart rate does not change significantly, and the 
exercise is not challenging to perform”; “Intermediate 
intensity: slightly faster breathing and heart rate with 
minimal sweating”; and “High intensity: rapid breath-
ing, faster heart rate, and profuse sweating.” (3) Duration 
of exercise was assessed by the question, “How long do 
you usually exercise?” The possible responses were “< 30 

minutes,” “30 minutes to 1 hour,” “1 to 2 hours,” and “> 
2 hours.” Responses were then divided into three catego-
ries: “< 1 hour,” “1 to 2 hours,” and “> 2 hours” for analy-
sis. (4) History of exercise was assessed by the question, 
“How long have you been exercising?” Possible responses 
were “< 6 months,” “6 months to 1 year,” “1 to 3 years,” “3 
to 5 years,” and “> 5 years.” For the analysis, we divided 
the responses into three categories: < 1, 1–3, and > 3 
years. The test score reliability coefficient was 0.95 using 
Cronbach’s alpha.

Assessment of fall experiences
Self-reported fall experiences were evaluated by ask-
ing, “Did you have any falls in the past year?” The pos-
sible responses were “Yes” or “No”. Participants who 
responded “Yes” were asked to indicate the number of 
times they fell. Because there were few participants with 
more than one fall experience, we did not perform any 
subgroup analyses.

Covariates
The participants’ body mass index (BMI) was calculated 
using the participants’ weight and height data, which 
were measured during their health examinations. In 
addition, an automatic sphygmomanometer (KENTARO 

Fig. 1  Flow chart of the sample selection process

 



Page 4 of 8Zhao et al. BMC Women's Health          (2023) 23:653 

HBP-9021  J, Japan) was used to measure their blood 
pressure data. Those meeting one of the following con-
ditions were judged to have hypertension: (1) Systolic 
blood pressure ≥ 140 mmHg; (2) diastolic blood pres-
sure ≥ 90 mmHg; or (3) use of antihypertensive drugs 
[16]. Depressive symptoms were assessed using the 
Self-Rating Depression Scale (SDS) [17]. The thresh-
old for depressive symptoms was 40 points on the SDS 
[18]. Sociodemographic information was obtained using 
a self-reported questionnaire, including age (continu-
ous variable), former occupation (white or blue collar), 
tobacco smoking status (smoker or non-smoker), alcohol 
drinking status (everyday, occasionally, or non-drinker), 
household income (low income, ≤ 50,000 Yuan; middle 
income, 50,001–70,000 Yuan; or high income, > 70,000 
Yuan), living conditions (living alone or not), and educa-
tional level (< high school diploma or ≥ high school).

Statistical analyses
The t-test and chi-square test were used to compare 
group differences in participants’ characteristics accord-
ing to their fall experiences. Categorical and continu-
ous variables were expressed as mean (95% confidence 
intervals (CIs)) and n (%), respectively. Logistic regres-
sion analysis was performed to estimate the crude odds 
ratios (ORs) and CIs for the association between physical 
exercise and fall experience. Fall experience was used as 
the dependent variable, and physical exercise habits were 
used as independent variables. Multiple logistic regres-
sion analysis was performed to adjust for confounders. 
We analyzed both Model 1 (adjusted for age and BMI) 
and Model 2 (adjusted for the factors in Model 1 plus 
household income, former occupation, living condition, 
educational level, tobacco smoking and alcohol drink-
ing status, hypertension, diabetes, and depression). All 
statistical analyses were performed using the Statistical 
Package for Social Science software (version 24.0; SPSS, 
Inc., Chicago, IL, USA). Statistical significance was set at 
p < 0.05.

Results
Table  1 shows the basic characteristics of participants 
with and without a fall experience in the past year. 15% of 
all participants and 13% of participants with exercise hab-
its experienced falls in the past year. In all participants, 
those of younger age, higher BMI, smoking habits, higher 
occasional alcohol consumption, and diabetes tended to 
have a fall episode. On the other hand, in participants 
with exercise habits, those of younger age, higher occa-
sional alcohol consumption, diabetes, and those who did 
not live alone tended to have fall experiences.

Table  2 shows the association between exercise fre-
quency and fall experiences in the past year among all 
participants (1429). Compared with the no-exercise 

group (reference), the ORs (95% CIs) of 1–5 and ≥ 6 days/
week of exercise in the crude model were 0.61 (0.38, 0.98) 
and 0.72 (0.52, 0.98), respectively (p for trend = 0.033). 
In the final adjusted model (model 2), this inverse asso-
ciation was strengthened. In addition, compared with the 
no-exercise group (refence), the ORs (95% CIs) of 1–5 
and ≥ 6 days/week of exercise were 0.50 (0.29, 0.85) and 
0.37 (0.25, 0.55), respectively (p for trend < 0.001).

The associations among exercise duration, inten-
sity, and incidents of falls in the past year are shown in 
Table  3. In the final adjusted model of exercise dura-
tion, the OR (95% CI) of long exercise durations (> 2 h) 
was 2.80 (1.30, 6.05), which was significantly higher than 
those of the short (< 1  h) and medium (1–2  h) exercise 
durations. However, no linear association was observed. 
Additionally, no significant association was found 
between exercise intensity and fall experiences in the 
crude and adjusted models. Compared with < 1 years of 
exercise (reference), the ORs (95% CIs) of 1–3 and > 3 
years in the crude model were 0.55 (0.30, 1.01) and 0.43 
(0.24, 0.77), respectively (p for trend = 0.007). This signifi-
cant inverse association did not change in Models 1 and 2 
(p for trend = 0.001 for both models).

Discussion
In this study, the association between physical exercise 
habits and fall experiences in the past year was exam-
ined in elderly Chinese women. The findings indicate that 
those with high exercise frequencies, and a long exercise 
history had a decreased odds of experiencing falls. On 
the other hand, longer exercise duration was associated 
with a higher odds of falling. These associations were 
independent of confounding factors. However, exercise 
intensity was not associated with falls. To our knowledge, 
this is the first study to suggest that exercise habits may 
be effective in preventing falls among elderly Chinese 
women.

In the literature, a high proportion of fall experiences 
have been reported. For example, a New Zealand study 
on 71,856 elderly aged over 65 years showed that 40.8% 
experienced falls during past 90 days [19]. Another study 
in 606 Ethiopian community-dwelling older adults aged 
50 and over, reported that 28.4% of participant fell at least 
once in the within a one-year period [20]. In contrast, 
the fall rates in some Asian studies were consistent with 
our study. For example, the incidence of falls in a 1-year 
period was reported to be 16.4% in older Chinese people 
aged 60–95 living in Hong Kong [21]. Yang et al. reported 
a 15.1% fall rate in 1,067 older adults aged 65 years and 
over in Taiwan [22]. In addition, a study on 430 middle-
aged and older Japanese individuals indicated that 15.6% 
of study subjects had experienced a fall in the past year 
[23]. Furthermore, a Chinese study reported a 11.9% fall 
rate in 5,374 older adults over 60 years old [24].
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Although there is no direct evidence in the literature 
regarding the association between physical exercise and 
falls in the elderly Chinese population, the findings of 
some previous studies from other countries may sup-
port our study. For instance, Roller et al. indicated that 
modified Pilates exercises performed once a week over 
10 weeks reduced the fall risk in adults aged 65 and older 
[25]. Antonino et al. also reported that 13-week Pilates 
exercise could be considered to reduce the risk of falls 
in the elderly [26]. However, in their study, the sample 
size was too small, and the percentage of male partici-
pants was unbalanced in each group, that may have led 
to selection bias. In another study, Sousa et al. indicated 
that 32 weeks of combined resistance and aerobic exer-
cise and aerobic exercise alone were more effective than 

no exercise in reducing fall risk among men aged 65–74 
[27]. But the participants in this study were only men, 
the relationship in women was not evaluated. More-
over, Sungkarat et al. reported that in older adults aged 
61–75, the performance of Tai Chi three time a week for 
15 weeks had great effects on reducing the risk of falls 
[28]. The number of men in this study was quite limited, 
and they were unevenly distributed between control and 
Tai Chi group (7 vs. 2). This could potentially influence 
the results, as the impact of exercise may differ between 
genders. Summarizing these studies, they all include bal-
ance training. Additionally, two other studies have also 
shown that balance training can decreased the risk of 
falls in older people [29, 30]. Overall, although the types 
of exercises differed, all of these previous studies showed 

Table 1  Participant characteristics according to fall experiences within the past year
All participants p value1 Participants with exercise habits p value1

n = 1429 n = 833

Fall experience Fall experience
No Yes No Yes

n (%) 1215 (85.0) 214 (15.0) 725 (87.0) 108 (13.0)
Age 69.6 (69.2, 70.0)2 66.7 (65.7, 67.6) < 0.001 68.7 (68.3, 69.2) 63.9 (62.7, 65.1) < 0.001

BMI 24.1 (24.0, 24.3) 24.8 (24.4, 25.2) 0.002 24.5 (24.3, 24.6) 24.2 (23.7, 24.7) 0.359

Former occupation (n; %)

White color 202 (16.6) 34 (15.9) 0.842 154 (21.2) 26 (24.1) 0.531

Blue color 1013 (83.4) 180 (84.1) 571 (78.8) 82 (75.9)

Smoking (n; %)

Smoker 31 (2.6) 0 (0) 0.010 25 (3.4) 0 (0) 0.063

Non-smoker 1184 (97.4) 214 (100) 700 (96.6) 108 (100)

Alcohol drinking (n; %)

Drinking everyday 16 (1.3) 0 (0) < 0.001 13 (1.8) 0 (0) < 0.001

Drinking occasionally 31 (2.6) 40 (18.7) 22 (3.0) 32 (29.6)

Non-drinker 1168 (96.1) 174 (81.3) 690 (95.2) 76 (70.4)

Household Income (n; %)

Low 448 (36.9) 68 (31.8) 0.165 182 (25.1) 24 (22.2) 0.116

Middle 367 (30.2) 70 (32.7) 253 (34.9) 32 (29.6)

High 400 (32.9) 76 (35.5) 290 (40.0) 52 (48.1)

Living alone (n; %)

Yes 104 (8.6) 12 (5.6) 0.174 32 (4.4) 0 (0) 0.016

No 1111 (91.4) 202 (94.4) 693 (95.6) 108 (100)

Educational level (n; %)

≥ High school 264 (21.7) 46 (21.5) 1.000 112 (15.4) 14 (13.0) 0.567

< High school 951 (78.3) 168 (78.5) 613 (84.6) 94 (87.0)

Hypertension (n; %)

Yes 718 (59.1) 120 (56.1) 0.409 422 (58.2) 62 (57.4) 0.917

No 497 (40.9) 94 (43.9) 303 (41.8) 46 (42.6)

Diabetes (n; %)

Yes 198 (16.3) 58 (27.1) < 0.001 86 (11.9) 34 (31.5) < 0.001

No 1017 (83.7) 156 (72.9) 639 (88.1) 74 (68.5)

Depression (n; %)

Yes 511 (42.1) 89 (41.6) 0.940 249 (34.3) 36 (33.3) 0.914

No 704 (57.9) 125 (58.4) 476 (65.7) 72 (66.7)
1 Obtained using t-test for continuous variables and chi-square analysis for variables of proportion
2 Mean (95% CI) for all continuous variables
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that physical exercise was effective in reducing the risk of 
falls in older adults. However, these studies exhibit cer-
tain limitations. Such as, they mostly focus on the elderly 
population as a whole or on men, with little attention to 
women or gender differences. Moreover, these studies 
assessed falls using fitness tests such as the chair stand 
test, one-leg stance test, and Timed Up and Go test, as 
opposed to real-life fall experiences. These tests were 
used to assess participants’ balance, which may be a com-
ponent in the evaluation of one’s risk of falling; however, 
these tests cannot represent falls directly. Additionally, 
there is no epidemiological evidence regarding these 
associations in the elderly Chinese population. Therefore, 
this study fills this gap in elderly Chinese women. On 
the other hand, we found that long exercise duration is 
associated with a high odd of falls in present study. This 
is consistent with a review study that indicates that some 
activities, particularly those of high intensity or long 
duration may put women at an increased risk of falls [12]. 
This causes concern that physical activity may increase 
the risk of falls in older people [31]. Thus, the result of 
our study strengthened evidence on the field of physical 
activity on elderly, and suggests that older adults should 
avoid prolonged physical activity, as falls can lead to frac-
tures [32], which, for older individuals, can result in more 
serious outcomes.

In contrast to the findings above, one study reported 
results that were inconsistent with our findings. The 
study explored the associations between various types 
of activities and falling in community-dwelling older 
persons, reporting that performing household activities 

was associated with a decreased risk of falling and that 
performing sports or activities with high intensity was 
associated with an increased risk of falling [13]. How-
ever, as we did not collect any information on house-
hold activities in our study and we are unable to make a 
direct comparison to our results in this regard. Notably, 
the participants in our study who had physical exercise 
habits had a lower odd of falls, and exercise intensity was 
not found to be associated with fall experiences, which 
differs from the results of the aforementioned study. Sev-
eral differences between these studies may explain these 

Table 2  Adjusted associations between exercise frequency and 
fall experiences in the past year among 1,429 older women

Exercise frequency 
(days/week)

p for 
trend1

0 1–5 ≥ 6
n 596 206 627

With fall experience 106 24 84

Prevalence (%)2 17.8 11.7 13.4

Crude model 1 0.61 
(0.38, 
0.98)3*

0.72 
(0.52, 
0.98)*

0.033

Model 14 1 0.53 
(0.33, 
0.86)*

0.58 
(0.42, 
0.80)*

0.001

Model 2 5 1 0.50 
(0.29, 
0.85)*

0.37 
(0.25, 
0.55)*

< 0.001

1 Obtained by multivariate logistic regression analysis
2 Prevalence of falls based on the number of fall experiences in each tertile
3 Values represent odds ratios and 95% confidence intervals
4 Adjusted for age and BMI
5 Adjusted for age, BMI, former occupation, educational level, living status, 
family income, hypertension, diabetes, and smoking and drinking habits
* Significantly different from the reference category (p < 0.05)

Table 3  Adjusted associations between exercise behaviors and 
fall experiences in the past year among 833 older women

Categories of exercise 
behaviors

Exercise duration (hours/
day)

p for 
trend1

< 1 1–2 > 2
n 374 391 68

With fall experience 52 44 20

Prevalence (%)2 13.9 11.3 29.4

Crude model 1 0.79 (0.51, 
1.21)3

2.58 (1.42, 
4.69)*

0.092

Model 14 1 0.85 (0.55, 
1.32)

2.72 (1.46, 
5.07)*

0.054

Model 25 1 0.85 (0.53, 
1.36)

2.80 (1.30, 
6.05)*

0.174

Exercise intensity (level)

Low Middle High

n 188 537 108

With fall experience 20 74 16

Prevalence (%) 10.6 13.8 14.8

Crude 1 1.34 (0.80, 
2.27)

1.46 (0.72, 
2.96)

0.254

Model 14 1 0.94 (0.53, 
1.65)

0.91 (0.41, 
2.01)

0.807

Model 25 1 0.84 (0.47, 
1.49)

0.86 (0.37, 
1.97)

0.655

Exercise history (year)

< 1 1–3 > 3

n 90 252 491

With fall experience 20 34 54

Prevalence (%) 22.2 13.5 11.0

Crude model 1 0.55 (0.30, 
1.01)

0.43 (0.24, 
0.77) *

0.007

Model 14 1 0.75 (0.39, 
1.43)

0.40 (0.22, 
0.73)*

0.001

Model 25 1 0.78 (0.37, 
1.65)

0.38 (0.20, 
0.74)*

0.001

1 Obtained by multivariate logistic regression analysis
2 Prevalence of falls based on the number of fall experiences in each tertile
3 Values represent odds ratios and 95% confidence intervals
4 Adjusted for age and BMI
5 Adjusted for age, BMI, former occupation, educational level, living status, 
family income, hypertension, diabetes, and smoking and drinking habits
* Significantly different from the reference category (p < 0.05)
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contrasting findings. First, different measures of falls and 
physical exercise were assessed. Second, the participants 
were from different areas. Our study was conducted in 
Shanghai, a relatively warm city, in winter. In contrast, 
the other study was conducted in Amsterdam, which has 
a long winter; therefore, people are more prone to slip if 
they exercise outside, which may lead to a higher fall rate 
in people who exercise.

The mechanism by which physical exercise leads to a 
low prevalence of falls can be explained as follows. First, 
it has been reported that physical exercise is effective in 
improving muscle strength and balance [33, 34]. Strong 
muscle strength and a high ability to maintain balance 
have been associated with a decreased risk of falling [22, 
35]. In addition, it has also been indicated that physical 
exercise is associated with a lower occurrence of obesity. 
Notably, older individuals with higher body weights have 
an increased risk of falls [36]. Therefore, physical exercise 
could be related to a lower prevalence of falls.

Our study has several limitations that must be con-
sidered. First, because fall experiences were assessed 
by self-reporting, a recall bias may exist. Second, data 
on confounding factors were limited, which means that 
there may be other factors that influence the associa-
tion between physical exercise and fall experiences, such 
as dietary and medication information. Third, because 
of the cross-sectional nature of the study, causality can-
not be concluded. Fourth, the participants in this study 
were exclusively recruited from a bone health examina-
tion program in Shanghai. Thus, a selection bias exists, 
and the present study sample may not represent all 
elderly women. Further studies are required to determine 
whether these associations can be replicated in other 
populations. Finally, due to the limited survey time and 
space on the questionnaire, we assessed only fall experi-
ences within the past year in present study. Other aspects 
of falls, such as the location of falls, contributing factors, 
or the severity of the falls, were not included. Conse-
quently, our discussion of falls in this study may not be 
comprehensive. These factors should be considered in 
the future studies.

Conclusion
The present study is the first to provide evidence of the 
association between physical exercise elements and fall 
experiences in elderly Chinese women. The results sug-
gest that a higher frequency of exercise and a long exer-
cise history may contribute to a decreased odd of falls. 
In contrast, exercise durations greater than two hours 
may be a risk factor for falls in elderly women. Our find-
ing strengthens the evidence on the association between 
physical exercise and fall, and highlight the importance 
of physical exercise in elderly population, further pro-
vides important evidence for women’s physical health 

and implications for the prevention of falls and fractures. 
However, there is a need to examine causality using pro-
spective and interventional studies in elderly Chinese 
women.

List of Abbreviations
BMI	� Body mass index
SDS	� Zung self-rating depression scale
CI	� Confidence interval
OR	� Odd ratio
SPSS	� Statistical Package for Social Science software

Acknowledgements
We thank all participants for filling in the questionnaires and supporters for 
the possibility to perform the study.

Author contributions
Conceptualization, D.Y. and T.W.; methodology, T.W.; validation, D.Y., T.W. and 
C.Z.; formal analysis, T.W.; investigation, D.Y., W.L.; data curation, T.W.; writing—
original draft preparation, C.Z. and T.W.; writing—review and editing, D.Y., 
T.W. C.Z. and W.L.; supervision, D.Y. All authors have read and agreed to the 
published version of the manuscript.

Funding
None.

Data Availability
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki, and 
approved by the Institutional Ethical Committee of the Huaiyin Institute of 
Technology (2018RL-401). All participants provided informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 February 2023 / Accepted: 26 November 2023

References
1.	 Statistics, NBo. Statistical Bulletin of the People’s Republic of China on 

National Economic and Social Development in 2021. http://www.statsgovcn/
tjsj/zxfb/202202/t20220227_1827960html (Accessed on 22 December, 2022) 
2021.

2.	 Division DoEaSAP. : World Population Prospects 2022. https://population-
unorg/wpp/Graphs/DemographicProfiles/Pyramid/156 (Accessed on 22 
December, 2022) 2022.

3.	 Leigh L, Byles JE, Mishra GD. Change in physical function among women as 
they age: findings from the Australian longitudinal study on women’s Health. 
Qual Life Res. 2017;26(4):981–91.

4.	 Salthouse TA. Why is cognitive change more negative with increased age? 
Neuropsychology 2018, 32(1):110–20.

5.	 WHO. : WHO global report on falls prevention in older age. https://www-
whoint/publications/i/item/9789241563536 (Accessed on 22 December, 
2022) 2008.

6.	 Stevens JA, Mack KA, Paulozzi LJ, Ballesteros MF. Self-reported falls and fall-
related injuries among persons aged > or = 65 years–United States, 2006. J Saf 
Res. 2008;39(3):345–9.

http://www.statsgovcn/tjsj/zxfb/202202/t20220227_1827960html
http://www.statsgovcn/tjsj/zxfb/202202/t20220227_1827960html


Page 8 of 8Zhao et al. BMC Women's Health          (2023) 23:653 

7.	 WHO. : Chap. 1. Magnitude of fall - A warldwide overview. WHO Global 
Report on Falls Prevention in Older Age Geneva, Switzerland 2008:3–4.

8.	 Society AG. Guideline for the prevention of falls in older persons. Ameri-
can Geriatrics Society, British Geriatrics Society, and American Academy 
of Orthopaedic Surgeons Panel on Falls Prevention. J Am Geriatr Soc. 
2001;49(5):664–72.

9.	 Das CP, Joseph S. Falls in elderly. J Indian Med Assoc. 2005;103(3):136. 138, 
140 passim.

10.	 Gschwind YJ, Kressig RW, Lacroix A, Muehlbauer T, Pfenninger B, Granacher 
U. A best practice fall prevention exercise program to improve balance, 
strength / power, and psychosocial health in older adults: study protocol for 
a randomized controlled trial. BMC Geriatr. 2013;13:105.

11.	 Chittrakul J, Siviroj P, Sungkarat S, Sapbamrer R. Multi-system physical Exercise 
intervention for Fall Prevention and Quality of Life in Pre-frail older adults: a 
Randomized Controlled Trial. Int J Environ Res Public Health 2020, 17(9).

12.	 Gregg EW, Pereira MA, Caspersen CJ. Physical activity, falls, and fractures 
among older adults: a review of the epidemiologic evidence. J Am Geriatr 
Soc. 2000;48(8):883–93.

13.	 Peeters GM, Verweij LM, van Schoor NM, Pijnappels M, Pluijm SM, Visser M, 
Lips P. Which types of activities are associated with risk of recurrent falling in 
older persons? J Gerontol A Biol Sci Med Sci. 2010;65(7):743–50.

14.	 Heesch KC, Byles JE, Brown WJ. Prospective association between physical 
activity and falls in community-dwelling older women. J Epidemiol Com-
munity Health. 2008;62(5):421–6.

15.	 Cui Y, Huang C, Gong Q, Guo F, Li W, Zhang L, Cai X, Wang Y. Physical Exercise 
behaviors and depressive symptoms among Elderly Chinese women: Focus 
on Exercise Components. Risk Manag Healthc Policy. 2021;14:2647–55.

16.	 Committee CHPaTGR. Guidelines for the Prevention and Treatment of 
Hypertension in China (2018 revised Edition). Chin J Cardiovasc Med. 
2019;24:24–56.

17.	 Zung WW. A self-rating Depression Scale. Arch Gen Psychiatry. 1965;12:63–70.
18.	 Zhu Z, Cui Y, Gong Q, Huang C, Guo F, Li W, Zhang W, Chen Y, Cheng X, Wang 

Y. Frequency of breakfast consumption is inversely associated with the risk of 
depressive symptoms among Chinese university students: a cross-sectional 
study. PLoS ONE. 2019;14(8):e0222014.

19.	 Jamieson HA, Nishtala PS, Scrase R, Deely JM, Abey-Nesbit R, Connolly MJ, 
Hilmer SN, Abernethy DR, Schluter PJ. Drug Burden and its Association with 
Falls among older adults in New Zealand: A National Population cross-sec-
tional study. Drugs Aging. 2018;35(1):73–81.

20.	 Janakiraman B, Temesgen MH, Jember G, Gelaw AY, Gebremeskel BF, 
Ravichandran H, Worku E, Abich Y, Yilak F, Belay M. Falls among community-
dwelling older adults in Ethiopia; a preliminary cross-sectional study. PLoS 
ONE. 2019;14(9):e0221875.

21.	 Siong KH, Kwan MM, Lord SR, Lam AK, Tsang WW, Cheong AM. Fall risk in 
Chinese community-dwelling older adults: a physiological profile assessment 
study. Geriatr Gerontol Int. 2016;16(2):259–65.

22.	 Yang NP, Hsu NW, Lin CH, Chen HC, Tsao HM, Lo SS, Chou P. Relationship 
between muscle strength and fall episodes among the elderly: the Yilan 
study, Taiwan. BMC Geriatr. 2018;18(1):90.

23.	 Huang C, Momma H, Niu K, Chujo M, Otomo A, Cui Y, Nagatomi R. High 
serum adiponectin levels predict incident falls among middle-aged and 
older adults: a prospective cohort study. Age Ageing. 2016;45(3):366–71.

24.	 Lin XZ, Meng RL, Peng DD, Li C, Zheng XY, Xu HF, Xu XJ, Lin LF. Cross-sectional 
study on prevalence and risk factors for falls among the elderly in communi-
ties of Guangdong province, China. BMJ Open. 2022;12(11):e062257.

25.	 Roller M, Kachingwe A, Beling J, Ickes DM, Cabot A, Shrier G. Pilates reformer 
exercises for fall risk reduction in older adults: a randomized controlled trial. J 
Bodyw Mov Ther. 2018;22(4):983–98.

26.	 Patti A, Zangla D, Sahin FN, Cataldi S, Lavanco G, Palma A, Fischietti F. Physical 
exercise and prevention of falls. Effects of a pilates training method com-
pared with a general physical activity program: a randomized controlled trial. 
Med (Baltim). 2021;100(13):e25289.

27.	 Sousa N, Mendes R, Silva A, Oliveira J. Combined exercise is more effective 
than aerobic exercise in the improvement of fall risk factors: a random-
ized controlled trial in community-dwelling older men. Clin Rehabil. 
2017;31(4):478–86.

28.	 Sungkarat S, Boripuntakul S, Chattipakorn N, Watcharasaksilp K, Lord 
SR. Effects of Tai Chi on Cognition and fall risk in older adults with mild 
cognitive impairment: a Randomized Controlled Trial. J Am Geriatr Soc. 
2017;65(4):721–7.

29.	 Arefin P, Habib M, Arefin A, Arefin M. Preventing geriatric fall incidences by 
Balance Exercise and nutritious food. Int J Aging Health Mov. 2022;4(1):10–6.

30.	 Linkoko T, Kampy E, Mabenza B, Kapend F, Ekisawa C, Ngasa N, Bembu D. Fall 
and quality of life of the Elderly: Effect of a physical Exercise Program focused 
on the balance training. Int J Aging Health Mov. 2019;1(1):1–10.

31.	 Faber MJ, Bosscher RJ, Chin APMJ, van Wieringen PC. Effects of exercise 
programs on falls and mobility in frail and pre-frail older adults: a multicenter 
randomized controlled trial. Arch Phys Med Rehabil. 2006;87(7):885–96.

32.	 Luukinen H, Herala M, Koski K, Honkanen R, Laippala P, Kivela SL. Fracture risk 
associated with a fall according to type of fall among the elderly. Osteoporos 
Int. 2000;11(7):631–4.

33.	 Vreugdenhil A, Cannell J, Davies A, Razay G. A community-based exercise 
programme to improve functional ability in people with Alzheimer’s Disease: 
a randomized controlled trial. Scand J Caring Sci. 2012;26(1):12–9.

34.	 Hauer K, Schwenk M, Zieschang T, Essig M, Becker C, Oster P. Physical train-
ing improves motor performance in people with Dementia: a randomized 
controlled trial. J Am Geriatr Soc. 2012;60(1):8–15.

35.	 Lee YC, Chang SF, Kao CY, Tsai HC. Muscle Strength, Physical Fitness, Balance, 
and Walking Ability at Risk of Fall for Prefrail Older People. Biomed Res Int 
2022, 2022:4581126.

36.	 Mitchell RJ, Lord SR, Harvey LA, Close JC. Associations between obesity and 
overweight and fall risk, health status and quality of life in older people. Aust 
N Z J Public Health. 2014;38(1):13–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Physical exercise habits are related with reduced prevalence of falling among elderly women in China
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Participants
	﻿Assessment of physical exercise
	﻿Assessment of fall experiences
	﻿Covariates
	﻿Statistical analyses

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


