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Background: Body Mass Index (BMI) and grip strength are potentially important
risk factors for falls among the older adults. Currently, there is no consensus
on the combined effects of grip strength and BMI on falls in the older adults,
particularly among the Chinese older adults.

Objective: To investigate the incidence of falls among older adults in China and
explore the association between BMI and grip strength and the risk of falls in older
adults.

Methods: Data of participants over 60 in China Health and Retirement
Longitudinal Study in 2011 and 2013 were collected. Sociodemographic
variables, lifestyle, chronic disease status, history of falls and depression and
cognitive status were obtained through the 2011 baseline questionnaire. Height,
weight and grip strength were collected from a unified physical examination in
2011. Falls during the follow-up period were obtained through the follow-up
questionnaire in 2013. Logistic regression was used to explore the association
between BMI and grip strength and the risk of falls.

Results: Three thousand six hundred and eighty-five participants over 60 (67.14
+ 6.08) were included, with a fall incidence rate of 17.37%. The fall incidence
rate in females (21.15%) was higher than that in male (13.46%). After adjusting
covariates, high grip strength was associated with lower falls risks in general
population (OR =0.76; 95 C/: 0.630-0.923) and males (OR = 0.68; 95 C/: 0.503-
0.919). Underweight was associated with lower falls risks in general population
(OR =0.77; 95 CI: 0.595-0.981) and females (OR = 0.69; 95 C/: 0.486-0.962)
compared to the normal BMI group. Compared with the low grip strength group,
females with high grip strength (OR = 0.54; 95 CI: 0.29-0.98) had a lower risk of
falls in the underweight BMI group and males with high grip strength (OR = 0.63;
95 CI: 0.43-0.92) had lower risk of falls in the normal BMI group.

Conclusions: High grip strength and underweight BMI are independently
correlated with a lower fall risk, which varies between males and females.

KEYWORDS
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1 Background

Falls are a widespread public health concern worldwide, costing more than 30,000
disability adjusted life years (DALYs) each year, exceeding the sum of traffic injuries,
drowning, burns, and poisoning (1). The older adults population becomes more prone
to falls and has the highest risk of death or disability due to falls given the atrophy and
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degradation of sensory and cognitive functions, as well as the
decrease in physical fitness. From 2010 to 2019, the incidence of
falls and the disease burden amongst the older adults in Chinese
Mainland have increased yearly. In 2019, 3,799.4 falls per 100,000
people were recorded, with a fall mortality rate of 39.2 per 100,000
people and DALY for falls of 1,238.9 per 100,000 people (2). After
a fall, the physical function of the older adults further declines,
and the fear of falling intensifies, thereby restricting new subjective
activities (3). This condition causes cognitive dissonance, falls,
social vulnerability, depression, and weakened self-awareness (4).
As a result, the quality of life of the older adults population is
reduced and the risk of falling is further increased, triggering a
new vicious circle (5, 6). Furthermore, falls can cause mental and
financial stress to caregivers.

In addition to gender and age, the most important influencing
factors of falls include previous fall histories, muscle strength, gait
and balance disorders and the use of specific drugs. The number
of chronic diseases, pain, physical weakness, cognitive impairment,
depression, fear of falls are the risk factors of falls (7-13).

Thus far, there is no consensus on the impact of muscle strength
on the risk of falls in the older adults. Some studies suggest that
muscle strength and fitness levels are associated with the risk of
fractures, and muscle strength and performance may reduce the
risk of falls (14, 15). Hong et al. pointed out that after adjusting
confounding factors, such as age and comorbidity index, lean
body mass was associated with lower fracture risk, and higher
muscle strength became a mediator of fall risk (16). However,
the results were different in aged female. Dowling et al. used
waist circumference indicators to measure the degree of obesity in
the older adults, identifying the sex specificity of obesity, muscle
strength and falls (17). The results showed that obesity and low
muscle strength were independently associated with falls, whereas
abdominal obesity and low muscle strength could only predict
fall risk in aged male. However, studies also showed that muscle
strength is not associated with the risk of falls and fractures
(18). Research from PURE indicates that there is no significant
association between falls and injuries (19). Further research is
required to demonstrate whether muscle strength is a predictive
factor for falls. In addition, numerous studies have shown that
obesity is associated with an increased risk of falls in the older
adults (20). Some studies have also found a U-shaped association
between BMI and fall risk, where underweight and obesity possibly
associated with higher fall risk (21).

Muscle strength and obesity cannot be viewed in isolation.
In the older adults, aging is associated with a gradual increase
in fat and a decrease in muscle mass. Obesity and muscle mass
may interact and jointly affect the health status of the older
adults population. Aged people with insufficient muscle mass and
obesity may have a higher risk of disease. However, only few
studies explore the correlation amongst muscle strength, obesity
and fall risk presently, and the results are inconsistent. Whether
the results can be extrapolated to the older adults population in
China remains to be debated. And most studies mainly use waist
circumference to measure obesity levels, which may not accurately
measure the degree of obesity amongst participants given the
differences in the distribution of body fat between males and
females (22).
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In the context of the deepening aging population in China,
our study aims to explore the combined impact of BMI and grip
strength on the risk of falls among Chinese older adults individuals.
This research seeks to provide targeted recommendations for
predicting and controlling the risk of falls in older adults.

2 Methods
2.1 Participants

Our study is based on data from two waves of the China Health
and Retirement Longitudinal Study (CHARLS) in 2011 and 2013.
The CHARLS collected a high-quality nationally representative
sample of Chinese residents ages 45 and older. The baseline
survey was conducted in 2011, covering 17,500 individuals in
150 counties/districts, 450 villages/resident committees (23). Full
details about CHARLS can be found elsewhere (24).

In this study, we pooled, cleaned and filtered data from
CHARLS in 2011 and 2013. After excluding participants
with physical disabilities, as well as those without social
demographic information and those who did not complete
physical examinations, we included 4,186 participants over 60 at
baseline. Three thousand six hundred and eighty-five participants
completed follow-up surveys in 2013, with a follow-up rate of 88%.
As shown in Figure 1.

2.2 BMI, grip strength, and follow-up falls

BMI was calculated based on the height (m) and weight
(kg) measured in the baseline physical examination in 2011.
Considering that the study population consists of older adults
people in China with a relatively low proportion of obesity,
we merged the overweight and obese groups. In this study,
BMI is divided into three groups: underweight, normal weight,
and overweight/obese according to Chinese Dietary Guidelines
2022 and Appropriate range of body mass index and body
weight management guidelines for Chinese oldest old (25, 26).
The cut-off values for different age groups are detailed in
Supplementary Table S1.

Grip strength was measured at baseline with the WL-1000 grip
strength tester. Grip strength was measured twice for each hand,
with each hand taking turns to measure. The maximum value
of the dominant hand measurements was obtained to represent
the overall grip strength level. Based on The National Physical
Fitness Testing Standard (revised in 2023) and Chinese Dietary
Guidelines 2022, we grouped the grip strength of older adults
according to different age groups. The cut-off values are shown in
Supplementary Table S2 (26, 27).

In the 2013 follow-up questionnaire, the question “Have you
fallen down in the last 2 years?” was used to identify falls that
occurred between baseline and follow-up. The “past 2 years” refer
to the period of 24 months from the date of the baseline to the date
of the interview in 2013. Investigators verified the authenticity of
participants’ responses by seeking evidence from family members
and reviewing medical records.
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Participants included in CHARLS in 2011
n=13965
Participants under 60 (n=7687)
Elderly above 60 included in CHARLS in
2011
n=6278 — - TR T
Participants with physical disabilities (n=1559)
Participants with missing data of height and
weight (n=98), grip strength (n=98), depression
and cognition (n=335) and sex (n=2)
Elderly included in CHARLS in 2011
n=4186
Participants failed to be followed up in 2013
(n=501)
Elderly included in this study
n=3685
FIGURE 1

Flowchart of the study participants included in the study from 2011 to 2013.

2.3 Depression and cognition

We used The Center for Epidemiological Studies Depression-10
(CES-D-10) to measure global depressive symptoms. Each item has
four options on this scale, namely, “rarely or none of the time (<1
d),” “some or a little of the time (1-2 d),” “occasionally or moderate
most or all the time (5-7 d).” The overall
score ranged from 0 to 30, with higher scores and more pronounced

»

amount of time (3-4 d),

depressive symptoms.

Cognition was tested by CHARLS Harmonized Cognitive
Assessment Protocol (HCAP) (CHARLS-HCAP), which has been
proven effective and feasible to apply to the older adults in China
(28). Cognition is scored in three sections: calculating, drawing
and memory function. The calculating section contains five items,
asking the respondents the result of subtracting 7 from 100 in
sequence. The participants are required to imitate a picture with
overlapping pentagrams and redraw them. The memory function
section consists of 15 items, of which five items assess the accuracy
of older adults people’s cognition of the year, month, day, day
of the week and season. The 10 other items require participants
to recall the 10 randomly selected words. The total score for the
cognitive part is 21 points, and the higher score indicates better
cognitive function.

2.4 Other covariates

We have adjusted the sociodemographic characteristics,
lifestyles and health conditions related to falls as much as
possible. Sociodemographic characteristics include age, gender,
marital status (married with spouse present, married but not living
with spouse temporarily, separated and divorced/widowed/never
married) and education (illiterate, home school/elementary school,
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middle school, high school/vocational school bachelor degree or
above). Lifestyles include smoking status (Yes or No now or in the
past) and alcohol drinking status in the past year (more than once
a month, less than once a month and no). We use the number of
chronic diseases and the history of falls (zero, one, and two and
above) to reflect the health condition of the older adults.

2.5 Statistical analysis

Continuous variables that satisfy normality are described
by mean =+ standard deviation (SD), those that do not
satisfy normality are described by median (interquartile range),
and categorical variables were represented by frequency and
composition ratio N (%). The chi square test was used to compare
the distribution of categorical variables between fall and non-fall
groups, and the Z-test was used for pairwise comparisons between
multiple groups. Mann-Whitney U-tests are used to compare
continuous variables between groups. Our study used logistic
regression to explore the associations of BMI and grip strength and
the risk of follow-up falls.

The statistical analysis was performed by R version 4.2.1. All
estimates were considered statistically significant when p < 0.05.

3 Results

3.1 Participant characteristics

A total of 3,685 participants were included in this study,
including 1,813 males and 1,872 females, with an average age of
(67.14 % 6.08) years. Among them, 640 people experienced falls
during the baseline in 2011 to the follow-up in 2013, and the
incidence of falls in females (21.15%) was much higher than that in
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TABLE 1 Sociodemographic characteristics of participants.

10.3389/fpubh.2024.1415360

Overall (3,685)  Non-fall (3,045)  Fall(640)  U/y? P
Sex Male 1,813 (49.2) 1,569 (51.53) 244 (38.12) 37.47 <0.001
Female 1,872 (50.8) 1,476 (48.47) 396 (61.88)
BMI Normal 2,076 (56.34) 1,701 (55.86) 375 (58.59) 1.80 0.407
Underweight 682 (18.51) 573 (18.82) 109 (17.03)
Overweight and obese 927 (25.16) 771 (25.32) 156 (24.38)
Group of grip strength Low 1,066 (28.93) 847 (27.82) 219 (34.22) 10.24 0.001
High 2,619 (71.07) 2,198 (72.18) 421 (65.78)
Marital status Married 2,908 (78.91) 2,436 (80) 472 (73.75) 12.04 <0.001
Other 777 (21.09) 609 (20) 168 (26.25)
Education Illiterate 1,256 (34.08) 1,015 (33.33) 241 (37.66) 5.98 0.112
Primary school 1,753 (47.57) 1,460 (47.95) 293 (45.78)
Middle school 478 (12.97) 408 (13.4) 70 (10.94)
High school and above 198 (5.37) 162 (5.32) 36 (5.62)
Number of chronic diseases None 987 (26.78) 843 (27.68) 144 (22.5) 8.49 0.014
1 1,125 (30.53) 929 (30.51) 196 (30.63)
2 and above 1,573 (42.69) 1,273 (41.81) 300 (46.88)
Smoking status No 2,153 (58.43) 1,728 (56.75) 425 (66.41) 19.91 <0.001
Yes 1,532 (41.57) 1,317 (43.25) 215 (33.59)
Alcohol drinking No 899 (24.4) 773 (25.39) 126 (19.69) 9.82 0.007
Less than once a month 244 (6.62) 203 (6.67) 41 (6.41)
More than once a month * 2,542 (68.98) 2,069 (67.95) 473 (73.91)
History of falls No 3,028 (82.17) 2,585 (84.89) 443 (69.22) 87.62 <0.001
Yes 657 (17.83) 460 (15.11) 197 (30.78)
Age 66 (9) 66 (8) 66 (9) 913,453.5 0.013
Height 156.3 (12.1) 156.9 (12) 154.3 (11.4) 1,121,901.5 <0.001
Weight 55.4 (14.4) 55.5 (14.4) 54.85 (14.9) 1,028,593.5 0.027
BMI 22.68 (4.95) 22.65 (4.97) 22.77 (4.91) 943,462 0.206
Scores of cognition 10 (7) 10 (7) 10 (7) 1,025,494 0.036
Scores of depression 8(8) 7(8) 9(9) 850,366 <0.001
Grip strength 29.5(13) 30 (12.7) 26.8 (11.65) 1,125,466.5 <0.001

males (13.46%). The age, scores of depression, BMI and proportion
of people with history of falls in the fall group were higher than
those in the non-fall group, whereas the scores of cognition, grip
strength and illiteracy rates were lower in the non-fall group. In
addition, the degrees of differences between the fall group and
the non-fall group vary in terms of marital status, smoking status,
alcohol drinking and the number of comorbidities (Table 1).

3.2 Multivariate logistic regression analysis
We selected variables with statistically significant differences

in univariate analysis and included BMI and grip strength after
grouping in the logistic regression model. Calculating the variance
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inflation factor to evaluate collinearity, there is no evidence
to suggest a high correlation between independent variables
(Supplementary Table S3). The results of logistic regression analysis
are shown in Table 2. Participants with history of falls were 2.281
times more likely to fall than people without history of falls, and
the difference was statistically significant (95 CI: 1.864-2.786, P
< 0.001). As age increases, the risk of falls also increases (OR =
1.02, 95 CI: 1.004-1.036). Participants with high grip strength had
lower fall risks compared to those with low grip strength, which
was statistically significant in the general population and females.
Similarly, the underweight BMI group exhibited a reduced risk of
falls compared to the normal BMI group. Higher depression score
indicated higher risk of falls, especially in the general population
and females, whereas the effect of depression on falls was not
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TABLE 2 Logistic regression results of risk factors for falls.

10.3389/fpubh.2024.1415360

Overall (3,685) Male (1,813) Female (1,872)
95% Cl 95% ClI OR 95% ClI

Age 1.02 (1.004-1.036) 0.014 1.005 (0.978-1.031) 0.717 1.029 (1.008-1.05) 0.005
Sex Male - - - - - -

Female 1.479 | (1.155-1.899) 0.002 - - - - - -
Smoking status No 1 1 1

Yes 0.912 (0.719-1.158) 0.452 0.882 (0.646-1.215) 0.437 0.905 (0.615-1.306) 0.604
Alcohol drinking No 1 1 1

Less than once a month 1.131 (0.755-1.666) 0.542 1.096 (0.667-1.751) 0.708 1.341 (0.638-2.748) 0.428

More than onceamonth | 1.069 | (0.84-1.365) | 0592 | 098 | (0.726-1.327) | 0.898 | 1356 | (0.877-2.172) | 0.186
Marital status Married 1 1 1

Other 1.22 (0.984-1.508) 0.067 0.969 (0.638-1.436) 0.879 1.353 (1.043-1.75) 0.022
Number of chronic diseases | None 1 1 1

1 1.116 (0.878-1.42) 0.372 1.111 (0.763-1.622) 0.583 1.082 (0.79-1.487) 0.625

2 and above 1.138 (0.907-1.433) 0.268 1.352 (0.951-1.937) 0.096 0.996 (0.738-1.35) 0.98
History of falls No 1 1 1

Yes 2.281 (1.864-2.786) <0.001, 3.233 (2.349-4.426) <0.001/ 1.823 (1.404-2.358) <0.001
Group of grip strength Low 1 1 1

High 0.762 (0.63-0.923) 0.005 0.679 (0.503-0.919) 0.012 0.845 (0.659-1.089) 0.19
BMI Normal 1 1 1

Underweight 0.767 (0.595-0.981) 0.037 0.853 (0.584-1.229) 0.401 0.688 | (0.486-0.962) 0.031

Overweight and obese 0.912 (0.732-1.133) 0.408 0.832 (0.561-1.211) 0.346 0.951 (0.727-1.239) 0.71
Scores of cognition 1.017 (0.995-1.041) 0.137 1.014 (0.976-1.053) 0.487 1.019 (0.99-1.049) 0.194
Scores of depression 1.021 (1.006-1.037) 0.007 1.008 (0.981-1.035) 0.557 1.031 (1.011-1.05) 0.002

The bold values highlighted p < 0.05.

statistically significant in males. However, the impact of cognitive
conditions on falls in the older adults was insignificant (P = 0.137).
In addition, amongst females, participants in the separated and
divorced/widowed/never married group had higher risk of falls
than those who are married (OR = 1.353, 95 CI: 1.043-1.750).

3.3 Subgroup analysis

The results of subgroup analysis are shown in Table 3. Three
models were constructed: an unadjusted model including only grip
strength (model 1); a model adjusted for socioeconomic factors
and lifestyles (model 2) and a model adjusted for health status
(model 3). For the general population in underweight group,
participants with high grip strength had a 0.56 times higher risk
of falls compared to those with low grip strength. After adjusting
for covariates, the association between high grip strength in the
underweight group and a reduced risk of falls remained statistically
significant (OR = 0.56, 95% CI: 0.36-0.85), a finding that was
similar in females (OR = 0.54, 95% CI: 0.29-0.98). In males, the
results were relatively different. Males with high grip strength only
had lower risk of falls in the normal BMI compared with the low
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grip strength group. However, the interaction between BMI and
grip strength was not significant in all models.

4 Discussions

In some countries, females are more prone to non-fatal falls,
coinciding with a higher incidence of falls in aged females than
aged males in this study. Different from males, higher levels of
depression increase the risk of falls in aged females (OR = 1.031,
95 CI: 1.011-1.020). Women are 70% more likely to suffer from
depression in their lifetime, which is caused by a combination
of complex social factors (29). Women are more sensitive to the
external environment, have a stronger need for social interaction,
and are more susceptible to changes in social relationships than
men (30). These findings also indicate that poor marital status
affects aged female’s risk of falls rather than aged male’s in our study.
Therefore, when taking measures to prevent falls in the older adults
population, related departments should focus on the strengthening
of social networks of aged female, and considering a course to
increase social interaction and reduce social vulnerability in older
women, thereby reducing the risk of falls.
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TABLE 3 Multi-model logistic regression results of risk factors for falls by gender.

Low grip Model 1 Model 2 Model 3
strength
High grip P for High grip P for High grip P for
strength interaction  strength interaction  strength interaction
Overall | Normal Ref 0.79 (0.62-1.01) 0.36 0.82 (0.64, 0.306 0.83 (0.64, 0.265
1.04) 1.07)
Underweight Ref 0.56 0.56 (0.37, 0.56 (0.36,
(0.37-0.85)* 0.85)* 0.85)*
Overweight and obese Ref 0.749 0.76 (0.50, 0.83 (0.54,
(0.50-1.13) 1.14) 1.27)
Male Normal Ref 0.62 0.848 0.62 (0.43, 0.837 0.63 (0.43, 0.676
(0.43-0.90)* 0.89)* 0.92)
Underweight Ref 0.63 (0.34-1.14) 0.63 (0.34, 0.69 (0.36,
1.14) 1.32)
Overweight and obese Ref 0.79 (0.38-1.78) 0.79 (0.37, 0.95 (0.41,
1.73) 2.18)
Female | Normal Ref 0.97 (0.70-1.35) 0.121 1.03 (0.74, 0.136 1.05 (0.75, 0.141
1.44) 1.49)
Underweight Ref 0.49 0.54 (0.30, 0.54 (0.29,
(0.27-0.87)* 0.97)* 0.98)*
Overweight and obese Ref 0.74 (0.46-1.21) 0.73 (0.45, 0.77 (0.46,
1.18) 1.29)

Model 1: grip strength.
Model 2: Model 1+age+gender-+smoking status +alcohol drinking status+ marital status.

Model 3: Model 2+the scores of depression+-the scores of cognition + Number of chronic diseases + History of falls.

*Indicates p < 0.05. The bold values highlighted p < 0.05.

Our study found that high grip strength may reduce the risk of
falls in the general population and males, which was not significant
in females. The influence of muscle strength on falls cannot be
ignored. During exercise, the motor cortex drives the movement
of the leg muscles through the dermal muscle connection, reducing
the risk of falls in the older adults by improving muscle strength
as well as the tension and coordination of the musculoskeletal
system (31). Males typically have higher muscle mass and different
muscle distributions compared to females (32). Even if women
have strong grip strength, their muscle mass may still be relatively
low, so the relationship between grip strength and falls is not as
significant as in males. In addition, females experience a significant
decrease in estrogen levels after menopause, which in turn affects
the strength and quality of muscles and bones and increases the
risk of osteoporosis, resulting in a less pronounced protective effect
of grip strength on the risk of falls (33).

In this study, compared with those with normal BMI, the
underweight BMI may reduce the risk of falls in the general
population and females, and underweight/obese may not increase
the risk of falls. This may be because females tend to have
higher levels of activity and lower BMI in old age, making them
more likely to benefit from it (34). This finding is consistent
with most previous studies. Another study based on CHARLS
showed a linear correlation between BMI and falls in older
adults women, which was also not found in men (35). A review
showed that obesity did not increase the risk of falls after
menopause in aged females compared with normal-weight aged
females (36).
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We did not find any interactions between BMI and grip
strength, the effects of BMI and grip strength on falls in the
older adults are independent of each other. And the impact
of BMI on fall risk in the low-grip-strength group is gender-
specific in our study. For the aged females with underweight
BMI, participants with high grip strength have lower risk of falls
than those with low grip strength. In aged males with normal
BMI, high grip strength may actually have a protective effect
on falls. There may be several reasons for this. For females,
underweight may be associated with better physical function
and exercise ability, while high grip strength further enhances
these advantages, thereby reducing the risk of falls (37). In
addition, females with underweight BMI and high grip strength
may exhibit better health behaviors, such as active exercise and
nutrient intake, thereby reducing the risk of falls (38). In both
normal and overweight/obese BMI groups, females may experience
less significant protective effects from high grip strength due to
higher fat ratios and potential muscle loss. In males, high grip
strength under normal BMI can better reflect their muscle strength
advantage, thereby reducing the risk of falls. In the underweight
and overweight/obese groups, other factors such as malnutrition,
overweight, or body imbalance may weaken the protective effect of
grip strength (39).

Our study has the following advantages. Firstly, the data of our
study are collected from CHARLS, which has a large sample size
and authenticity. Thus, our findings can reflect and represent the
overall situation of the older adults population in China. Secondly,
this research is a prospective longitudinal study, which effectively
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verifies the causal relationship amongst BMI, grip strength and
fall risks in the older adults. Thirdly, based on previous studies
and actual situations, our study stratified the data by gender
and explored the gender specificity of fall risk. Fourthly, in the
subgroup analysis, our study explored the effect of grip strength
on fall risk at different grip strength levels, filling the gap in the
existing research and enriching the existing theoretical foundation
in developing countries.

The present study also has several limitations. Firstly,
participants self-reported their falls in our study, which may have
some recall bias. However, the questionnaire was collected by
well-trained investigators from CHARLS. During the process of
filling out the questionnaire, key information was sought from the
participants’ families for support. For participants who reported
injuries due to falls, investigators reviewed their medical records to
verify their authenticity, which to some extent reduced recall bias
Secondly, the CHARLS data did not contain items that reflected
the specific diet and nutrition of the participants and lacked
the indicators of the nutritional status of the older adults. The
nutritional status of the older adults also affected the actual risk
of falls. Although BMI partly reflects the overall health of older
people, the impact of micronutrients (such as vitamin D) on falls
is not considered (40). In addition, psychotropic drug use can
affect the risk of falls in older adults. However, the interference
effect of psychotropic drug use has been avoided in the population
screening. In the process of selecting participants, we excluded
those with brain impairment/intellectual disability. However, the
use of psychotropic drugs in other settings cannot be avoided.
Secondly, due to the large number of missing values in the physical
activity items of the CHARLS questionnaire, we did not include
data of physical activity in this study. Finally, the reduced sample
size in subgroup analysis may decrease the reliability of the findings.

5 Conclusions

This study highlights the potential protective associations of
underweight BMI and high grip strength on falls in older adults,
noting gender-specific differences in these relationships. While
underweight BMI and high grip strength were related to reduced
fall risk among older adults, these associations were not statistically
significant in older males. Notably, in the underweight BMI group
of females, high grip strength is associated with a reduced risk of
falls; in the normal BMI group of males, high grip strength has a
protective effect on falls. These findings suggest that gender-specific
strategies targeting BMI and muscle strength may be effective in
reducing fall risks in older adults. However, due to the lack of
statistical significance in some findings, these results should be
interpreted cautiously, and further research is needed to confirm
these associations and understand the underlying mechanisms.
Future studies should also consider more comprehensive measures
of muscle strength, physical activity, medications used as well as
nutritional factors, to better capture the complexity of fall risks
in this population. It is worth noting that although lower BMI
is associated with a reduced risk of falls in this study, caution
is needed when controlling for BMI, as excessively underweight
BMI may indicate the onset of sarcopenia (41). Therefore, further
research is required to validate the findings of this study.
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