
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Lin et al. BMC Geriatrics          (2024) 24:717 
https://doi.org/10.1186/s12877-024-05314-5

BMC Geriatrics

†Wei-Quan Lin and Ying-Xin Liao contributed equally to this work.

*Correspondence:
Hui Liu
gzcdc_liuhui@163.com

Full list of author information is available at the end of the article

Abstract
Background Several studies have demonstrated that older adults with type 2 diabetes mellitus (T2DM) have a 
higher risk of falls compared to those without T2DM, which may lead to disability and a lower quality of life. While, 
limited prospective studies have quantified the associations in southern China. We conducted a longitudinal cohort 
study to quantify the associations between T2DM and falls and investigate the risk factors of falls among community-
dwelling elderly people in Guangzhou, China.

Methods The population-based study included 8800 residents aged 65 and over in 11 counties of Guangzhou at 
baseline in 2020 and then prospectively followed up through 2022. Of 6169 participants had complete follow-up and 
were included in the present study. A fall event was identified by self-reported. The Cox regression was applied to 
quantify the associations between T2DM and falls, and hazard ratios (HRs) were calculated to the factors associated 
with falls among participants.

Results The median follow-up time for participants was 2.42 years. During the follow-up period, the incidence of 
falls among all participants was 21.96%. After adjusting for covariates in Cox regression models, T2DM remained a 
significant risk factor for falls, with HR of 1.781 (95% CI: 1.600-1.983) in the unadjusted covariates model and 1.757 
(1.577–1.957) in the adjusted covariates model. Female (1.286, 1.136–1.457), older age (≥ 80: 1.448, 1.214–1.729), single 
marital status (1.239, 1.039–1.477), lower education level (primary school and below: 1.619, 1.004–1.361), hypertension 
(1.149, 1.026–1.286) and stroke (1.619, 1.176–2.228) were associated with a higher risk of falls, whereas everyday 
physical exercise (0.793, 0.686–0.918) was associated with a lower risk of falls.

Conclusion Falls are common, with risks between T2DM and falls quantified and several factors investigated in the 
longitudinal cohort study among community-dwelling elderly people in Guangzhou, China. Targeted action on the 
risk factors may reduce the burden of falls in elderly people with T2DM in the future.
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Background
As a result of increasing longevity, unprecedented num-
bers of individuals are reaching older ages [1]. Accord-
ing to the Seventh National Populations Census, of the 
national population, 1.9  billion individuals, accounting 
for 13.50%, are aged 65 and over. Of Guangzhou’s popula-
tion, 1.4 million persons, accounting for 7.82%, are aged 
65 and over [2]. Consequently, a great challenge for the 
aging population arises, and chronic diseases, which 
place a heavy burden on society, are expected to increase 
simultaneously. Diabetes, of which about 90% are type 2 
diabetes mellitus (T2DM), is one of the substantial pub-
lic health issues worldwide [2, 3]. As the country with the 
largest number of people with diabetes, China is expected 
to reach approximately 174  million diabetic patients 
by 2045 [4], of which at least 20% are older adults, seri-
ously threatening the quality of life and life expectancy of 
elderly patients [5–7].

Falls are another threat to the elderly, as approximately 
30% of people over 65 have at least one fall annually 
around the world [8, 9]. Data from a Chinese longitu-
dinal healthy longevity survey in 2018, the incidence of 
falls among community-dwelling elderly people is 22.49% 
in China [10], and the incidence of falls varied between 
10.7% and 22.49% [8, 10–14]. Falls do have negative 
effects on the quality of life in old age, leading to a dras-
tic increase in mortality and disability-adjusted life years 
among elderly people over the past few decades [15, 16]. 
According to the Global Burden of Disease Study 2019 
and 2021, falls have been a leading cause of disability, 
possibly due to fractured bones, which is one of the most 
costly injuries in China [6, 17].

Many studies have found that the risk of falls is higher 
among people with diabetes comparing those without 
diabetes, and insulin treatment, retinopathy, neuropathy, 
hypoglycemia, and cognitive impairment caused by dia-
betes may contribute to fall events [14, 17–19]. Previous 
studies have revealed that reduced cognitive function is 
a mediator of the relationship between diabetes and falls 
[20, 21]. However, some studies have different viewpoints 
[22, 23]. A 5-year follow-up study from Australia has 
revealed that the incidence of falls is similar in men with 
and without T2DM after adjusting for significant risk 
factors [22]. A cohort study from the China Health and 
Retirement Longitudinal Study has figured that diseases 
of the metabolic system, such as diabetes and dyslipid-
emia, are not associated with falls among middle-aged 
and older [23]. Therefore, more longitudinal studies are 
needed to explore and quantify the risk between T2DM 
and falls.

Meanwhile, several risk factors for falls have been 
investigated in previous studies, indicating that age, gen-
der, meteorological factors, visual impairment, and func-
tional ability are the primary risk factors for falls [14, 15, 
23, 24]. However, there is limited strong evidence from 
cohort studies to understudy those risk factors in China, 
particularly in Guangzhou, a city with a substantial 
elderly population.

Therefore, we conducted a prospective cohort study 
and aimed to: (1) assess the incidence of falls, (2) quan-
tify associations between T2DM and falls, and (3) inves-
tigate the risk factors of falls among community-dwelling 
elderly people in Guangzhou, China.

Methods
Study design and participants
The Guangzhou Falls and Health Status Tracking Cohort 
is a longitudinal, population-based study in which par-
ticipants were recruited from community health centers 
in 11 counties of Guangzhou, China. In brief, the Guang-
zhou Falls and Health Status Tracking Cohort study is 
designed to explore the associations between lifestyle fac-
tors, chronic diseases on falls and health outcomes. The 
present study is a part of the Guangzhou Falls and Health 
Status Tracking Cohort. Ethical approval for this study 
was obtained (GZCDC-ECHR-2023P0061).

8800 participants aged 65 and over from 11 counties of 
Guangzhou were enrolled in the cohort in 2020. Partici-
pants who refused to participate, had missing responses, 
and had incomplete data during the follow-up period 
were excluded. 6169 community-dwelling elderly people 
with complete data were included in the final analysis 
from January 2020 to December 2022 (Fig.  1). Among 
them, there were 1970 participants with T2DM and 4199 
participants without T2DM at baseline, and 588 cases 
and 767 cases, respectively, were reported as fall events 
during the follow-up period. Additionally, participants 
in the non-exposure group were also terminated if they 
were newly diagnosed with T2DM during the follow-up 
period (Fig. 1).

Baseline data collection and definitions
Self-designed baseline questionnaire (Supplementary 
material 1) was used to collect information on demo-
graphic characteristics, lifestyle behaviors, and chronic 
diseases by well trained clinic staff following standard 
procedures.

Variables
At baseline, demographic variables were assessed by 
questionnaire, including age, gender, ethnic groups, 
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marital status, and education. Age was categorized into 
four groups as follows: 65–69, 70–74, 75–79, and ≥ 80 
years. Marital status was categorized as married and 
single, while single included unmarried, divorced, or wid-
owed. Education was categorized according to the high-
est level of school the participants completed: primary 
school and below, secondary school, and college and 
above. Lifestyle behaviors included cigarette smoking, 
alcohol drinking, and physical exercise. Chronic diseases, 
which mainly included hypertension, coronary heart 
disease (CHD), chronic obstructive pulmonary disease 
(COPD), stroke, and T2DM, were diagnosed by physi-
cians or medical examination at baseline.

T2DM
In this study, T2DM was defined as anyone of the follow-
ing standards: those who were previously diagnosed with 
T2DM by physicians or taking glucose-lowering agents; 
baseline medical examinations of elevated fasting plasma 
glucose level (≥ 7.0 mmol/L); 2-hour oral glucose toler-
ance test or random blood glucose (≥ 11.1mmol/L) [25].

Follow-up and outcomes assessment
Following up through 2022, physicians at community 
health centers of Guangzhou conducted health examina-
tions and face-to-face surveys (Supplementary material 

1) to collect information on falls and the health status 
of participants. When participants refused to undergo 
health examinations, physicians conducted telephonic 
interviews to gather information on their falls and health 
status. A fall event was defined as an unexpected, unin-
tentional change in position that caused an individual to 
remain at a lower level [26]. Falls were assessed during 
the 2022 follow-up by asking, “Have you ever fallen dur-
ing the follow-up period?” and “When have you fallen?”

To mitigate the possibility of elderly individuals for-
getting about fall events, participants’ occurrences of 
falls were reported by the Guangzhou Injury Monitor-
ing System during the follow-up period, which was also 
acknowledged after verifying the accuracy with the 
participants.

Statistical analysis
Statistical analysis was performed using R (version 4.0.0) 
and SPSS (version 25.0, SPSS Inc., Chicago, IL, USA). 
Baseline characteristics of the participants were sum-
marized as frequency and differences in the incidence of 
falls, which were analyzed by Chi-square analysis for cat-
egorical measures. We used Cox regression models, with 
the time at baseline as the start of follow-up, to investi-
gate the associations of baseline variables, T2DM, and 
their combination with the risk of fall incidence. Model 

Fig. 1 Flow diagram of study participants in Guangzhou, China
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1 was adjusted for gender and age groups. Model 2 was 
adjusted as in Model 1 and for ethnic groups, marital sta-
tus, education, cigarette smoking, alcohol drinking, phys-
ical exercise, and other four chronic diseases. Regarding 
the use of Cox regression models, we adhered to the 
methodological requirements and tested the propor-
tional hazards assumption using the Schoenfeld residu-
als technique, and no violations were observed. Hazard 
ratios (HRs) and 95% confidence intervals (95% CIs) were 
calculated to quantify associations. To assess the robust-
ness and consistency of our findings, we also performed 
subgroup analyses stratified by age groups and gender 
and employed competing Cox regression as sensitivity 
analyses.

All results were considered statistically significant at 
P < 0.05.

Results
Baseline characteristics
6169 community-dwelling elderly people with com-
plete data were included in the final analysis, of whom 
the mean age was 72.53 ± 5.96, and 3138 (50.87%) were 
female (Table 1). Most of the participants (99.72%) were 
Han, and 91.81% were married. Referring to education, 
1954 (31.67%) participants completed primary school 
and below, 3010 participants (48.79%) completed second-
ary school, and the remaining 19.53% completed college 
and above. Our sample was composed of 12.87% ciga-
rette smokers and 12.76% alcohol drinkers. Besides, half 
of the participants exercised every day, while the others 
exercised sometimes or even never. At baseline, out of 
all the participants, 3602 had hypertension (58.39%), 513 
had CHD (8.32%), 37 had COPD (0.60%), 121 had suf-
fered a stroke (1.96%), and 1970 had T2DM (31.93%).

Incidence of falls
The median follow-up time was 885 days, namely 2.42 
years. All participants reported no fall events at baseline 
medical examinations in 2020, and during the follow-up 
period, 1355 participants (21.96%, 95%CI: 20.93-22.99%) 
reported having experienced at least one fall. Chi-square 
analysis (Table  1) showed that differences between falls 
and gender, age groups, marital status, education, physi-
cal exercise, hypertension, stroke, and T2DM were 
found (all P < 0.01), while no significant differences were 
observed among ethnic groups, cigarette smoking, alco-
hol drinking, CHD, COPD (all P > 0.05).

The incidence trend of falls by gender and age groups 
is shown in Fig. 2. An absolute growth in the incidence 
of falls occurred in both males and females as they aged. 
Whereas it was intuitively seen that females experienced 
a higher incidence of falls at first, and the incidence of the 
two genders became similar among the oldest old.

Associations between T2DM and falls, and factors of falls
According to unadjusted covariates in Cox regression 
Model 0 (Table 2; Figs. 3a, and Fig. 4), elderly people with 
T2DM were at a higher risk for falls (HR: 1.781, 1.600-
1.983). After adjusting for gender and age groups in 
Model 1 (Figs. 3b and Fig. 4), elderly people with T2DM 
remained at a higher risk for falls (1.756, 1.576–1.955). 
Adjusting for a combination of gender, age groups, eth-
nic groups, marital status, education, smoking, alcohol 
drinking, physical exercise, and four chronic diseases 
in Model 2 (Table  2; Figs.  3c, and Fig.  4), the results 
remained similar, as the risk of falls in the elderly with 
T2DM was significantly higher (1.757, 1.577–1.957). 
Cumulative hazard curves of falls corresponding to all 
models for T2DM are presented in Fig. 3.

The stable and consistent results were found in sensi-
tivity analysis, and Cox regression in subgroups in gen-
der and age groups found that those with T2DM had 
an elevated risk for falls (HR ranges: 1.608–1.845, all 
P < 0.001), similarly (Fig.  4). The results of the compet-
ing Cox regression were similar to those of the previous 
Cox regression presented in Table 2, indicating that par-
ticipants with T2DM had a higher risk for falls (1.757, 
1.577–1.957).

Meanwhile, results (Table  2) of Cox regression Model 
2 showed that female (1.286, 1.136–1.457), older age 
(≥ 80: 1.448, 1.214–1.729), single marital status (1.239, 
1.039–1.477), lower education level (primary school and 
below: 1.619, 1.004–1.361), hypertension (1.149, 1.026–
1.286) and stroke (1.619, 1.176–2.228) were associated 
with a higher risk of falls, while everyday physical exer-
cise was associated with a decreased risk of falls (0.793, 
0.686–0.918) among community-dwelling elderly people 
in Guangzhou, China.

Discussion
During the 2.42-year median follow-up time, we dis-
covered that the incidence of falls was 21.96% among 
community-dwelling elderly people in Guangzhou, 
southern China. This result is consistent with findings 
from previous studies, which reported rates of 20.65% 
in older adult samples in Shantou City, southern China 
[13], and 22.49% in Chinese longitudinal healthy lon-
gevity survey [10]. Interestingly, several studies found a 
lower incidence of falls in southern China specifically, 
such as 10.7% in Shenzhen City [14], 15.41% in Guang-
zhou City [12], and 11.9% in Guangdong province [8, 27], 
where elderly people experienced at least one fall in the 
past 12 months. Even in Chinese Longitudinal Survey 
samples, 14.0% and 17.0% of urban and rural community-
dwelling older adults experienced at least one fall in the 
previous 12 months [26]. The lower fall incidence was 
also observed in Western Europe, where 13.84% of older 
adults sought medical treatment for fall injuries in 2017 
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[15]. The differences in the definition of falls may con-
tribute to this phenomenon, such as the difference in falls 
occurring in the past 12 months and during 2.42-year 
median follow-up time. However, 36% of older men with 

T2DM had a fall over 2 years in Australia [22]. The higher 
incidence of falls could be attributed to age differences 
(average age: 77.0 years vs. 72.5 years). Nonetheless, falls 
are an important public health problem, and it is crucial 

Table 1 Baseline characteristics of participants and the incidence of falls during the follow-up period
Variables Total

(n, %)
Number of falls dur-
ing the follow-up 
period (n)

Incidence of falls during the 
follow-up period
(%, 95%CI)

Test value
χ² P

Gender 21.713 < 0.001
   Male 3031(49.13) 590 19.47(18.06–20.88)
   Female 3138(50.87) 765 24.38(22.88–25.88)
Age groups, years 44.398 < 0.001
   65–69 2562(41.53) 473 18.46(16.96–19.96)
   70–74 1985(32.18) 441 22.22(20.39–24.05)
   75–79 884(14.33) 237 26.81(23.89–29.73)
   ≥ 80 738(11.96) 204 27.64(24.42–30.87)
Ethnic groups 1.035 0.309
   Han 6152(99.72) 1353 21.99(20.96–23.03)
   Else 17(0.28) 2 11.76(3.55–27.08)
Marital status 20.212 < 0.001
   Married 5664(91.81) 1204 21.26(20.19–22.32)
   Single a 505(8.19) 151 29.90(25.91–33.89)
Education 12.966 0.002
   Primary school and below 1954(31.67) 474 24.26(22.36–26.16)
   Secondary school 3010(48.79) 654 21.73(20.25–23.20)
   College and above 1205(19.53) 227 18.84(16.63–21.05)
Cigarette smoking 1.749 0.186
   Yes 794(12.87) 160 20.15(17.36–22.94)
   No 5375(87.13) 1195 22.23(21.12–23.34)
Alcohol drinking 1.633 0.201
   Yes 787(12.76) 159 20.20(17.40-23.01)
   No 5382(87.24) 1196 22.22(21.11–23.33)
Physical exercise 26.208 < 0.001
   Everyday 3039(49.26) 610 20.07(18.65–21.50)
   Sometimes 1808(29.31) 388 21.46(19.57–23.35)
   Never 1322(21.43) 357 27.00(24.61–29.40)
Hypertension 14.882 < 0.001
   Yes 3602(58.39) 853 23.68(22.29–25.07)
   No 2567(41.61) 502 19.56(18.02–21.09)
Coronary heart disease 0.232 0.630
   Yes 513(8.32) 117 22.81(19.18–26.44)
   No 5656(91.68) 1238 21.89(20.81–22.97)
Chronic obstructive pulmonary 
disease

0.121 0.728

   Yes 37(0.60) 9 24.32(10.50-38.15)
   No 6132(99.40) 1346 21.95(20.91–22.99)
Stroke 8.861 0.003
   Yes 121(1.96) 40 33.06(24.68–41.44)
   No 6048(98.04) 1315 21.74(20.70-22.78)
Type 2 diabetes mellitus 104.932 < 0.001
   Yes 1970(31.93) 588 29.85(27.83–31.87)
   No 4199(68.07) 767 18.27(17.10-19.43)
Total 6169(100.00) 1355 21.96(20.93-23.00)
Note 95%CI = 95% confidence interval
a Single: unmarried, divorced or widowed
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to urgently investigate risk factors and implement inter-
ventions among elderly individuals living in the commu-
nity in Guangzhou, China.

Our study found that after adjusting for covariates in 
Cox regression models, T2DM remained a risk factor for 
falls (Model 1: 1.756, 1.576–1.955. Model 2: 1.757, 1.577–
1.957) among community-dwelling elderly people in 
Guangzhou, China, which was similar to previous study 
(HR:1.48, 1.12–1.95) [19]. Chronic diseases that increase 
the risk of falls have been examined in previous studies 
[23, 28]. Stroke is considered a major diabetes-related 
complication [7, 29], and T2DM is another independent 
risk factor of falls [29]. On the one hand, poor balance 
and weakened muscles due to diabetes contribute to 
the occurrence for falls. On the other hand, falls associ-
ated with diabetes are considered to increase the risk 
of fractures [17, 30]. Older adults with T2DM perform 
worse on physical function due to a range of long-term 
complications, such as poor balance, poor grip strength, 
and poor gait performance, which may explain why par-
ticipants with diagnosed T2DM are more likely to fall 
[18, 21]. Interestingly, recent evidence has shown that 
diabetes incidence is decreasing in several high-income 
countries [4, 31], suggesting the high quality and specific 
interventions implemented in these countries to reduce 
the number of T2DM patients and potentially prevent 
falls among T2DM patients. However, it is important to 
consider any potential confounding factors when analyz-
ing the relationship between T2DM and falls, as diabetic 
vascular diseases have also been associated with long-
term fall incidence [32–34].

In this study, being female was identified as a risk factor 
for falls, with the incidence rate 4.91% higher in females 
than in males. However, this finding is less pronounced 
than the 6.29-10.98% higher incidence of falls in females 
compared to males as reported in previous studies [12, 
27, 35]. The observed inconsistencies in findings can 
be ascribed to the diversity in research methodologies, 
regional variations, and the specific attributes of the 
study cohorts, including their size and demographic pro-
files. Additionally, females were associated with higher 
HRs for falls in all models, which may be attributed to 
postmenopausal osteoporosis in older women. This 
condition can lead to a decrease in muscle strength and 
sensory capacity, ultimately resulting in body imbalance 
and gait instability [36]. An overview of falls on the NHS 
website has also explained that the increased risk of falls 
in older female is linked to osteoporosis caused by hor-
monal changes during menopause [8]. However, the inci-
dence of falls of the two genders became similar among 
the oldest old. The finding was consistent with a previous 
study which has acknowledged that the incidence of falls 
is similar in older male and female [16].

In this community-based prospective cohort study, 
aging was a recognized risk factor for falls [35]. Our study 
was consistent with the previous study that people aged 
80 and older are generally at the highest risk of falls [16]. 
We also found that single marital status (unmarried, 
divorced, or widowed) was a risk factor for falls. Close 
cooperation may help reduce unintentional falls in those 
older and living alone [9, 37, 38]. Furthermore, a close 
relationship plays an important role in encouraging those 

Fig. 2 Incidence of falls by age groups and gender among community-dwelling elderly people
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who are depressed or fearful of falling, as these emotions 
have been linked in earlier research to fall [39–41]. Ear-
lier studies have shown that falls are very common in 
people with cognitive impairments, which also suggests 
the need for more care in close relationships [42, 43].

Previous studies have reported that a lower education 
background was considered one of the risk factors for 
falls and fall-related injuries [37, 44]. People with better 
education are more likely to emphasize health and are 
more willing to put safety education into practice. This 

Table 2 Multivariate cox proportional hazards regression analysis between variables and falls
Variables Unadjusted HR (95%CI) Multivariable HR (95%CI) a
Gender
   Male Ref Ref
   Female 1.302(1.169–1.449)** 1.286(1.136–1.457)**
Age groups, years
   65–69 Ref Ref
   70–74 1.255(1.102–1.428)** 1.225(1.075–1.397)**
   75–79 1.567(1.341–1.832)** 1.488(1.267–1.746)**
   ≥ 80 1.656(1.405–1.952)** 1.448(1.213–1.729)**
Ethnic groups
   Han Ref Ref
   Else 0.521(0.130–2.086) 0.594(0.148–2.378)
Marital status
   Married Ref Ref
   Single b 1.481(1.251–1.754)** 1.239(1.039–1.477)*
Education
   College and above Ref Ref
   Secondary school 1.328(1.133–1.555)** 1.110(0.942–1.308)
   Primary school and below 1.163(1.000-1.353)** 1.169(1.004–1.361)*
Cigarette smoking
   No Ref Ref
   Yes 1.124(0.953–1.326) 1.052(0.873–1.267)
Alcohol drinking
   No Ref Ref
   Yes 1.135(0.962–1.339) 1.074(0.895–1.288)
Physical exercise
   Never Ref Ref
   Sometimes 0.712(0.625–0.812)** 0.730(0.638–0.835)**
   Everyday 0.769(0.666–0.887)** 0.793(0.686–0.918)**
Hypertension
   No Ref Ref
   Yes 1.255(1.124–1.401)** 1.149(1.026–1.286)*
Coronary heart disease
   No Ref Ref
   Yes 1.051(0.869–1.270) 0.910(0.750–1.106)
Chronic obstructive pulmonary disease
   No Ref Ref
   Yes 1.066(0.554–2.053) 1.044(0.539–2.020)
Stroke
   No Ref Ref
   Yes 1.654(1.207–2.265)** 1.619(1.176–2.228)**
Type 2 diabetes mellitus
   No Ref Ref
   Yes 1.781(1.600-1.983)** 1.757(1.577–1.957)**
Note HR = Hazard ratio, 95%CI = 95% confidence interval
a Multivariable HR was adjusted for gender, age groups, ethnic groups, marital status, education, cigarette smoking, alcohol drinking, physical exercise, hypertension, 
coronary heart disease, chronic obstructive pulmonary disease, stroke and type 2 diabetes mellitus
b Single: unmarried, divorced or widowed

*P < 0.05; **P < 0.01
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might also explain why, with more highly qualified per-
sonnel concentrated in the urban areas which are politi-
cal, economic, and educational centers, there is a higher 
occurrence of falls in the suburban areas, where there are 
fewer highly qualified personnel.

Non-smoking has been considered a protective factor 
against falls in older age [9]. However, in this study, we 
noted that cigarette smoking and alcohol drinking were 
not statistically significant risk factors for falls. A previ-
ous study has suggested that former drinkers might have 
stopped drinking due to poor health status, which predis-
poses them to risk of falls [14], and similarly, we speculate 
that the same may apply to smoking. Whereas, another 
study has figured out that former drinkers experience a 
higher risk of falls than those who never drink [44].

Consistent with our findings, physical exercise was an 
effective intervention measure to prevent falls for the 
elderly [37]. Taking more exercise to strengthen the body 
may fundamentally curb the trend of falls and fall-related 
fractures. Besides, as previously described, fear of falling 
is associated with falls, and exercise also helps reduce the 
fear of falling in older people living in the community in 

a way [40]. Referring to clinical guidelines, the manage-
ment of T2DM generally includes nutrition management, 
increasing physical activity, monitoring blood glucose, 
and controlling health behaviors [9, 45]. Considering our 
findings that older adults with T2DM who lack physical 
exercise are more likely to fall, more individualized inter-
vention measures on physical activity are required. These 
are strongly recommended by a global initiative for falls, 
balance challenges, and functional exercises (e.g., sit-to-
stand, stepping), which are suggested to be incorporated 
into sessions three or more times a week that are individ-
ualized and progressive in intensity for at least 12 weeks 
[45].

Our study has several advantages. Firstly, we revealed 
the incidence of falls, relationships between T2DM and 
falls, and factors associated with falls among community-
dwelling elderly people in a prospective cohort study 
design. Secondly, all hospitalization records were vali-
dated and reviewed by trained community service staffs. 
However, some limitations need to be acknowledged 
and recognized. First, although our results are similar 
to previous studies and data from the Guangzhou Injury 

Fig. 4 Associations between T2DM and falls, and subgroup analysis of form Cox regression models. HR = Hazard ratio, 95%CI = 95% confidence interval. 
Subgroup analysis was adjusted for all covariates. Adjusted for all covariates: adjusted for gender, age groups, ethnic groups, marital status, education, 
cigarette smoking, alcohol drinking, physical exercise, hypertension, coronary heart disease, chronic obstructive pulmonary disease and stroke

 

Fig. 3 Cumulative hazard for follow-up time to falls form Cox regression models. a Unadjusted covariates. b Adjusted for gender and age groups. c 
Adjusted for gender, age groups, ethnic groups, marital status, education, cigarette smoking, alcohol drinking, physical exercise, hypertension, coronary 
heart disease, chronic obstructive pulmonary disease and stroke
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Monitoring System as a supplement to fall events, fall 
events were primarily based on the responses to individ-
ual perspective questions, which introduced recall bias. 
The recall bias may be even greater in the participants 
who refused to undergo health examinations and were 
only informed about falls and health status by telephonic 
interviews. Second, we did not identify whether the fall 
event was severe or injurious. Third, some possible risk 
factors for falls were neglected, such as history of falls, 
diabetes complications, cognitive function, depression, 
medication use, and glycaemic control. Fourth, our find-
ings may not be generalisable to the other population as 
the present study was conducted among community-
dwelling elderly people in Guangzhou, China. Fifth, as 
with any observational study, our study cannot establish 
causality. Therefore, to confirm the causal relationships 
in the present study, a larger, more comprehensive evalu-
ation of influencing factors and prospective cohort stud-
ies would be required in future studies.

Conclusion
Falls are common, the risks between T2DM and falls 
were quantified, the individuals with T2DM are exposed 
to a greater risk of falls, and several factors are also inves-
tigated in the longitudinal cohort study. These findings 
provide evidence supporting the associations between 
T2DM and the risk of falls among community-dwelling 
elderly people, which can serve as a valuable reference for 
developing targeted interventions to reduce falls and the 
associated disease burden in this population.
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