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Falls constitute a significant public health issue affecting middle-aged and older adults.The 
consequences of falls extend beyond physical injuries and compromised quality of life to encompass 
psychological and socioeconomic dimensions. Investigate the mediating role of Activities of Daily 
Living (ADL) in the relationship between balance ability and falls. This study utilized data from the 
2015 China Health and Retirement Longitudinal Study (CHARLS). Balance ability was assessed using 
the Short Physical Performance Battery (SPPB), while ADL were evaluated through the CHARLS ADL 
questionnaire. Demographic factors and health-related indicators were incorporated as covariates.
Data analysis was conducted in StataMP 17, employing chi-square tests, independent samples t-tests, 
correlation analysis, and parallel mediation analysis. Results revealed significant between-group 
differences in gender, marital status, and education level (all p < 0.001) between fallers and non-fallers.
Females accounted for 67.6% of fall incidents, surpassing the male proportion (32.3%). Mediation 
analysis identified a significant direct effect of balance ability on falls (c’ = 0.002, p < 0.05), with ADL 
demonstrating partial mediation (a*b = 0.019, 95% CI: 0.014–0.026). Our findings demonstrates 
significant associations between falls, balance ability, and ADL disability. Activities of daily living (ADL) 
disability partially mediates the association between balance ability and falls. However, the observed 
associations were modest in strength, and the study’s cross-sectional design, reliance on self-reported 
data, and high baseline balance scores in the sample limit causal inference and generalizability. 
These results highlight the multifactorial nature of falls and underscore the importance of integrated 
prevention strategies that address both physical function and other potential mediators.
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Population aging represents a significant demographic trend in the twenty-first century, exerting profound 
socioeconomic impacts across all societal domains. Globally, approximately 58 million individuals reach the age 
of 60 annually, with projections indicating this age cohort will constitute 22% of the global population by 20501. 
China, hosting one-fifth of the world’s elderly population, faces particular challenges in ensuring the health and 
well-being of its aging citizens.

Falls constitute a critical public health challenge impacting middle-aged and older adults. National 
surveillance data indicate falls as the leading cause of injury-related mortality among Chinese adults aged 
65  years and above.The consequences of falls primarily manifest through physical functional decline and 
deterioration in quality of life. Post-fall fracture incidence demonstrates significant age-related disparities, with 
substantially higher rates observed in older populations. Fractures frequently precipitate chronic pain, mobility 
limitations, and prolonged immobilization, elevating risks of thrombosis, pneumonia, and other complications. 
Cranial trauma from falls—including concussions and intracranial hemorrhage—imposes disproportionate 
health burdens on older adults2,3. The impact of falls extends beyond physical health to psychological well-
being and socioeconomic dimensions. Psychologically, falls may trigger cascading mental health consequences. 
Post-fall syndrome frequently manifests as kinesiophobia, restricting physical activity and compromising life 
quality4. Epidemiologic studies demonstrate elevated depression rates among older adults with fall histories5. 
Socioeconomically, fall injuries escalate healthcare expenditures while perpetuating cycles of disability, 
functional decline, and productivity losses, substantially burdening social welfare systems3. Fall prevention 
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requires multifactorial interventions addressing physiological, psychological, and socioenvironmental 
determinants. Fall prevention requires multifactorial interventions addressing physiological, psychological, and 
socioenvironmental determinants. Multidisciplinary strategies integrating exercise regimens, pharmacological 
optimization, and environmental modifications demonstrate proven efficacy in risk mitigation6–8.

Balance ability constitutes a critical determinant for maintaining functional independence in older adults.
Age-related deterioration in balance capacity demonstrates a strong association with escalating fall risk9. 
Multidimensional determinants of balance ability encompass physiological decline, sensory degradation, 
cognitive impairment, psychosocial factors, environmental interactions, and polypharmacy effects10–12. 
Research has shown that multi-factor interventions can effectively improve or maintain the balance ability of the 
elderly13. Balance assessment methodologies span static evaluations (Berg Balance Scale, BBS), dynamic analyses 
(gait kinematics), and proactive/reactive stability testing paradigms8. Methodological diversity characterizes 
both balance evaluation and rehabilitation strategies. These tools enable precise fall risk stratification and 
inform personalized intervention protocols. Current research priorities include developing context-sensitive 
interventions for seamless integration into daily living activities.

Activities of daily living (ADL) encompass essential self-care capacities fundamental to autonomous 
functioning.With the increase of age, the decline of ADL has become a key factor affecting the quality of life 
of middle-aged and elderly people.Current research investigates ADL disability through three conceptual 
frameworks:Physiological studies have found that age-related declines in physiological functions, including 
reduced muscle strength, limited joint mobility, and diminished sensory perception, significantly affect ADL14.
Chronic conditions such as cardiovascular diseases, diabetes mellitus, and arthritis further exacerbate ADL 
disability in middle-aged and older adults.Psychological research demonstrates that mental health issues like 
depression and anxiety reduce life motivation and self-confidence, thereby impairing ADL performance. For 
example, depressed older adults often exhibit diminished initiative and interest in daily tasks, accompanied 
by fatigue and weakness, ultimately resulting in ADL disability15. Sociological research has found that 
the completeness of social support systems, the adaptability of home environments, and the utilization of 
community resources significantly impact older adults’ ADL.Additionally, ADL disability can increase older 
adults’ hospitalization risk and long-term care needs, while prolonged treatment negatively affects mental health, 
reducing life satisfaction and well-being16. Therefore, a strong correlation exists between ADL capacity and 
quality of life in older adults.

Prior research has extensively established the independent associations between balance impairment, ADL 
disability, and fall risk in older adults. Studies confirm that diminished balance capacity directly increases fall 
incidence17, while ADL limitations exacerbate fall susceptibility due to functional dependence18. However, the 
mediating role of ADL disability in the pathway linking balance ability to falls remains underexplored. Leaving 
a gap in understanding the mechanistic interplay in aging populations like China, where sociocultural and 
healthcare contexts differ. This study addresses this by quantifying ADL’s mediation effect using nationally 
representative data, thus bridging a critical knowledge gap in fall prevention frameworks.

Methods
Study setting and participants
The China Health and Retirement Longitudinal Study (CHARLS), a nationally representative survey, provides 
comprehensive data on physical health, mental well-being, and intergenerational interactions among middle-
aged and older adults, serving as a robust foundation for aging-related research. To address research objectives, 
longitudinal data from 2011, 2013, and 2015 underwent preliminary screening, with cross-sectional analysis 
conducted using the 2015 dataset. The Harmonized CHARLS dataset from the Gateway to Global Aging Data 
platform rectified baseline information discrepancies in repeated participants across 2011–2015 survey waves. 
For methodological transparency, key variables (ADL disability, balance ability, fall history) were extracted, and 
two models were constructed for analysis: Model 1 (demographic-adjusted) and Model 2 (health-covariate-
adjusted). Initial screening excluded deceased individuals and new enrollees from the 2015 CHARLS data, 
yielding 25,586 eligible participants. Following standardized protocols for functional assessments, 14,303 
participants completing all three balance ability tests were retained.Exclusion criteria removed 7,261 participants 
with incomplete physical activity records, 15 with missing fall/health data, and 2,481 with invalid BMI/ADL 
measurements. The final analytical sample comprised 4,378 participants meeting stringent inclusion criteria. 
Mathematical modeling examined the balance ability-fall risk association and ADL-mediated effects using 
standardized metrics (see Fig. 1).

Balance ability test and ADLs assessment method
Balance assessment: We exclusively utilized the balance subtest of the Short Physical Performance Battery (SPPB) 
to evaluate static balance ability. The strength (chair stand test) and gait speed components of the full SPPB were 
not included in this analysis, as our focus was on isolating the relationship between postural stability and fall risk. 
The balance assessment comprises three progressive difficulty levels: SIDE-BY-SIDE stance, SEMI-TANDEM 
stance, and FULL-TANDEM stance. CHARLS protocol initiates testing with SEMI-TANDEM stance, reverting 
to SIDE-BY-SIDE if unsuccessful, then progressing to FULL-TANDEM when performance criteria are met. This 
study employed standardized SPPB balance scoring criteria as follows:0: Unable to complete any stance tests1: 
SIDE-BY-SIDE stance only 2: SIDE-BY-SIDE + SEMI-TANDEM stances 3: SIDE-BY-SIDE + SEMI-TANDEM 
stances with FULL-TANDEM < 30/60 s 4: Full completion of all three stance tests.

The CHARLS ADL assessment employs Lawton and Brody’s (1969) Physical Self-Maintenance Scale, 
comprising both basic and instrumental ADL components. This study focused on six basic ADL items: dressing, 
bathing, eating, toileting, continence control, and bed transfer. Each item uses a 4-point scale: 1 (no difficulty), 
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2 (difficulty but independent completion), 3 (requires assistance), and 4 (unable to perform).Higher participant 
scores indicate a greater level of ADL disability.

Other covariates
Covariates were derived from the 2015 CHARLS questionnaire, physical examinations, and functional 
assessments. To investigate the effects of additional covariates on fall risk, covariates were stratified into Model 1 
and Model 2. Model 1 ( Demographic-adjusted ) : age, sex, educational attainment, and marital status. Educational 
attainment was categorized as: 1) Less than lower secondary 2) Upper secondary and vocational training 3) 
Tertiary education. Marital status was classified into: 1) Never married 2) Married 3) Divorced 4) Widowed or 
living alone. Model 2 ( Demographic + Health-adjusted ) : height, weight, BMI, waist circumference, physical 
activity patterns, and alcohol consumption.Physical activity intensity levels were defined as: 1) Vigorous: Heavy 
lifting, digging, farming, aerobic exercises, fast cycling 2) Moderate: Carrying light loads, bicycling at regular 
pace, mopping, tai chi, brisk walking 3) Light: Walking for transportation or leisure. Height measurements were 
standardized to meters for BMI calculation using the formula: BMI = weight (kg) / height (m)2.

Statistical analysis
Data processing was performed using StataMP 17.Categorical variables are presented as counts (percentages), 
while continuous variables are expressed as mean ± standard deviation (SD) or median (interquartile range, 
IQR).Between-group differences (fallers vs. non-fallers) were assessed using chi-square tests for categorical 
variables and independent samples t-tests for continuous measures.Bivariate correlation analysis confirmed 
associations between fall incidence, ADL disability, and balance ability. Covariates were selected a priori based 
on established fall risk frameworks19 (WHO Global Report on Falls Prevention, 2007).

We employed a parallel single-mediator model to examine the mediating role of ADL disability in the 
relationship between balance ability (independent variable, IV) and falls (dependent variable, DV). Additionally, 
correlation analyses between ADL disability and physical activity parameters (intensity/frequency) evaluated 
exercise-induced effects on functional independence.

Ethics statement
All CHARLS survey waves received ethical approval from the Peking University Biomedical Ethics Committee.
The fieldwork protocol for this household survey was approved under Approval Code: IRB00001052-11,015.
Written informed consent was obtained from all participants20.

Fig. 1.  Sample selection flowchart.
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Results
Comparison of baseline characteristics between fallers and non-fallers
This cross-sectional analysis utilized multi-source data from the 2015 China Health and Retirement Longitudinal 
Study (CHARLS) to examine the association between balance ability and falls in middle-aged and older adults.
Table 1 presents baseline characteristics of the 4,378 participants (mean age 61.2 years; female predominance 
61.1%).Among them, 933 individuals (67.6% female, 32.4% male) reported ≥ 1 fall incident during the preceding 
two years.Fallers exhibited marginally higher mean age than non-fallers, though the difference was not statistically 
significance (p > 0.05).The faller group demonstrated higher proportions of individuals with lower educational 
attainment, divorced, widowed, or living alone status.In terms of ADL, fallers displayed significantly higher 
composite scores (7.093 ± 1.833) compared to non-fallers (6.498 ± 1.279).Statistically significant differences were 
found across all ADL subdomains between groups (p < 0.001).Balance ability scores were significantly lower in 
fallers (3.638 ± 0.691) versus non-fallers (3.730 ± 0.575) (p < 0.001).

Interrelationships among falls, balance capacity, and activities of daily living (ADLs)
Table 2 delineates the interrelationships between falls, balance ability, and ADL disability in middle-aged and 
older adults.Significant negative correlations emerged between fall incidence and balance metrics: Balance 1 

Variable
Overal1

N = 4,378
fallers1

N = 933
non-fallers1

N = 3,445 p-value2

Sex,n(%)  < 0.001

   Male 1700(38.831) 302(32.369) 1398(40.581)

   Femal 2678(61.169) 631(67.631) 2047(59.419)

Age Mean (SD) 61.240 (9.493) 61.543 (9.315) 61.158 (9.540) 0.157

Height, Mean (SD) 156.944 (8.410) 155.227 (8.345) 157.409 (8.369)  < 0.001

Weight, Mean (SD) 59.010 (11.011) 57.704 (10.848) 59.363 (11.029)  < 0.001

BMI, Median (IQR) 23.741[21.225,26.315] 23.844[21.086,26.311] 23.712[21.270,26.315] 0.982

Waistline, Mean (SD) 85.943 (18.662) 85.285 (13.169) 86.121 (19.888) 0.372

Balance, Mean (SD) 3.710 (0.602) 3.638 (0.691) 3.730 (0.575)  < 0.001

ADLs, Mean (SD) 6.625(1.436) 7.093(1.833) 6.498(1.279)  < 0.001

ADLs1, Mean (SD) 1.08(0.343) 1.155(0.40) 1.069(0.309)  < 0.001

ADLs2, Mean (SD) 1.125(0.458) 1.200(0.546) 1.104(0.430)  < 0.001

ADLs3, Mean (SD) 1.033(0.210) 1.056(0.260) 1.027(0.193)  < 0.001

ADLs4, Mean (SD) 1.094(0.330) 1.180(0.432) 1.071(0.292)  < 0.001

ADLs5, Mean (SD) 1.214(0.521) 1.393(0.695) 1.165(0.451)  < 0.001

ADLs6, Mean (SD) 1.072(0.352) 1.108(0.396) 1.062(0.338)  < 0.001

Education, n (%)  < 0.001

   Less than lower secondary 4,044(92.371) 885(94.855) 3,159(91.698)

   Upper secondary & vocational training 295(6.738) 38(4.073) 257(7.460)

   Tertiary 39(0.891) 10(1.072) 29(0.842)

Marital status, n (%)  < 0.001

   Unmarried 18(0.411) 4(0.429) 14(0.406)

   Married 3,790(86.569) 773(82.851) 3,017(87.576)

   Divorced, widowed or living alone 570(13.020) 156(16.720) 414(12.017)

Drinking, n (%) 0.154

   Yes 1,322 (30) 264(28) 1,058(31)

   No 3,056 (70) 669 (72) 2,387(69)

VPA3, n (%) 0.056

   Yes 1,522(34.765) 349(37.406) 1173(34.049)

   No 2,856(65.235) 584(62.594) 2272(65.951)

MPA3, n (%) 0.710

   Yes 2,426(55.413) 512(54.877) 1,914(55.559)

   No 1,952(44.587) 421(45.123) 1,531(44.441)

Walk3, n (%) 0.114

   Yes 3,495(79.831) 762(81.672) 2,733(79.332)

   No 928 (20) 749 (21) 179 (19)

Table 1.  Baseline characteristics of fall group and no-fall group (n = 4, 378). 1Median (IQR) or Frequency (%). 
2Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test. 3Physical activity pattern: VPA:Do at 
Least 10 Minutes Continuously? MPA:Do at Least 10 Minutes Continuously? Walking:Do at Least 10 Minutes 
Continuously.
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(r = -0.037, p = 0.015), Balance 2 (r = -0.04, p = 0.008), Balance 3 (r = -0.057, p < 0.001), and composite balance 
score (r = -0.057, p < 0.001).A positive association was observed between falls and ADL impairment (r = 0.196, 
p < 0.001).Balance ability was inversely correlated with ADL disability (r = -0.146, p < 0.001).

Mediating role of activities of daily living (ADLs)
To examine the mediating role of ADL disability, we constructed two parallel mediation models (Fig. 2) : Model 
1 adjusted for demographic covariates (age, sex, education, marital status). Model 2 further incorporated health-
related covariates (BMI, physical activity, alcohol consumption). Path coefficients (β) and 95% confidence 
intervals (CI) are reported for all direct/indirect effects.

As depicted in Fig. 2, both models confirmed significant negative paths from balance ability to ADL disability 
(Model 1: β = -0.404; Model 2: β = -0.414, p < 0.001) and from ADL disability to falls (Model 1: β = -0.046; Model 
2: β = -0.047, p < 0.001). The direct effect of balance ability on falls remained significant only in Model 2 (β = 0.023, 
p = 0.038). Crucially, the indirect effect via ADL was consistent across models (a × b = 0.019), accounting for 
48.7% of the total effect. The exclusion of zero from these intervals indicates significant mediation effects21.

Associations between activities of daily living (ADLs) and exercise modalities/frequency
Table 3 delineates associations between ADL disability and physical activity modalities/frequencies.Non-
significant correlations were found between ADL disability and vigorous-intensity exercise (r = -0.003, p = 0.837) 
or its weekly frequency (r = -0.005, p = 0.743).Significant negative correlations emerged for moderate-intensity 
exercise (r = -0.07, p < 0.001), walking duration (r = -0.041, p = 0.007), weekly moderate-intensity activity 
frequency (r = -0.067, p < 0.001), and weekly walking frequency (r = -0.06, p < 0.001).These findings suggest ADL 
disability is modulated through physical activity parameters, predominantly mediated via moderate-intensity 
exercise and walking engagement.

Discussion
Leveraging data from the China Health and Retirement Longitudinal Study (CHARLS), this study investigated 
the association between balance ability and falls among middle-aged and older Chinese adults, while examining 
the role of ADL disability in this relationship. The results revealed a significant association between balance ability 
and fall incidence in this population,with ADL disability demonstrated partial mediation effects in the balance 
ability-fall risk pathway. Physical activity modalities and their frequencies showed significant associations with 
ADL disability.

Our multidimensional analysis of fall determinants revealed significantly elevated fall incidence among 
individuals with compromised balance ability. Gillian Quinn et al. identified significant disparities in balance 

Fig. 2.  The conceptional framework of the mediation models.

 

Falldown Balance1 Balance2 Balance3 Balance ADLs

Fall down 1(0.000***)

Balance11 -0.037(0.015**) 1(0.000***)

Balance21 -0.04(0.008***) 0.411(0.000***) 1(0.000***)

Balance31 -0.057(0.000***) 0.119(0.000***) 0.289(0.000***) 1(0.000***)

Balance -0.057(0.000***) 0.123(0.000***) 0.295(0.000***) 1(0.000***) 1(0.000***)

ADLs 0.196(0.000***) -0.048(0.001***) -0.085(0.000***) -0.146(0.000***) -0.146(0.000***) 1(0.000***)

Table 2.  Correlation between balance ability, ADLs and falls. Note: ***, ** and * represent significance levels 
of 1%, 5% and 10% respectively. 1Balance 1: SIDE-BY-SIDE tests、Balance 2: SEMI-TANDEM tests Balance 3: 
FULL-TANDEM tests.
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ability between fallers and non-fallers through clinical balance assessments17. Fall risk exhibits significant 
demographic variation, particularly across age strata and sex categories.Physiological studies attribute 
higher female fall rates to sex-specific vulnerabilities including accelerated bone mineral density loss and 
sarcopenia progression22. Age-related deterioration in sensory integration, neuromuscular coordination, and 
musculoskeletal function progressively impairs postural control mechanisms23. The age-associated sarcopenia 
trajectory exacerbates fall risk through compromised kinetic stability24,25. Therefore, the mechanism by which 
balance ability influences falls should be comprehensively examined from multiple perspectives.

Mediation analyses revealed partial mediation of balance ability’s effect on falls through ADL disability 
pathways. Individuals with compromised balance ability exhibited ADL limitations that amplified fall 
susceptibility. As a direct fall determinant, balance ability enhancement represents a critical intervention target 
for fall prevention. Clinical evidence substantiates exercise interventions as effective modalities for improving 
balance ability across patient populations. Mind–body exercises (e.g., Tai Chi, yoga) demonstrate efficacy in 
balance enhancement and fall risk reduction26. Pratik Lamichhane et al. documented augmented reality-based 
training’s benefits for balance optimization and fall prevention27. Alex Martino Cinnera et al. reported dual-task 
training’s selective efficacy in improving dynamic balance (despite limited static balance effects) in multiple 
sclerosis patients28.Similar therapeutic benefits have been replicated in stroke rehabilitation contexts29. ADL 
disability partially explains the link between balance impairment and falls. This suggests that interventions 
targeting ADL (e.g., task-specific training) may amplify the benefits of balance-focused exercises in fall 
prevention. ADL disability directly reflects integrated neuromuscular functions including muscle strength, 
balance control, and mobility.Non-fallers exhibited superior isokinetic strength in key muscle groups (e.g., hip 
abductors) compared to fallers30, suggesting that muscle weakness may constrain ADL performance (ambulation, 
sit-to-stand transitions) and escalate fall susceptibility.Gait instability and postural deficits, being primary fall 
determinants, also critically modulate ADL disability31.

While our study demonstrates statistically significant associations between balance ability, ADL disability, 
and falls, it is crucial to interpret these findings within the context of the specific characteristics of our data 
and the inherent limitations of the study design. The correlation coefficients observed, although statistically 
significant (p < 0.001), were relatively modest in magnitude (e.g., r = -0.057 for balance ability and falls, r = 0.196 
for ADL disability and falls). This indicates that while balance ability and ADL disability are associated with 
fall risk in this population, they explain a limited proportion of the variance in fall occurrence individually. 
The partial mediation effect of ADL disability (a*b = 0.019), while statistically significant, also represents a 
quantitatively small indirect effect. This underscores the complexity of fall etiology and suggests that a multitude 
of other factors, beyond balance and basic ADLs, contribute substantially to fall risk in middle-aged and older 
adults. Our findings support the inclusion of balance and ADL assessment in multifactorial fall risk evaluations, 
but highlight that they are unlikely to be strong sole predictors.

Our baseline analysis found no statistically significant associations between the three physical activity 
modalities and fall incidence. Conversely, Yoshiro Okubo et al. demonstrated that reactive/volitional stepping 
interventions reduced fall rates by approximately 50% in older adults32. Integrated with our findings, the ADL-
physical activity associations suggest a multifactorial interplay between exercise patterns and fall mechanisms. 
The observed inverse relationships between ADL disability and moderate-intensity exercise/walking engagement 
indicate their protective effect on functional independence in aging populations. A community-based study of 
older women revealed that cadence intensity (e.g., peak 30/60 steps/min) more effectively reduces peripheral 
artery disease (PAD) risk than total daily steps, suggesting moderate-intensity walking (e.g., brisk walking) may 
reduce ADL disability via vascular function optimization33. Miyuki Nemoto et al. demonstrated that a 12-week 
multimodal intervention (5 sessions/week combining aerobic exercise, resistance training, and cognitive tasks) 
enhanced prefrontal activation and improved executive function/attentional control in frontotemporal lobar 
degeneration (FTLD) patients, facilitating complex ADL execution (dressing, feeding)34. High-frequency and 
diversified activity regimens enhance behavioral regulation capacities through neuroplasticity mechanisms. This 
further indicates that physical activity patterns play a significant role in improving ADL disability. Regarding 
exercise frequency, weekly moderate-intensity exercise frequency and weekly walking frequency demonstrate 
better performance in improving ADL disability. Among populations with cognitive impairment or dementia, 

ADLs VPA1 MPA1 Walk1 Time 12 Time 22 Time 32

ADLs 1(0.000***)

VPA1 -0.003(0.837) 1(0.000***)

MPA1 -0.07(0.000***) 0.248(0.000***) 1(0.000***)

Walk1 -0.041(0.007***) 0.125(0.000***) 0.162(0.000***) 1(0.000***)

Time 12 -0.005(0.743) 0.954(0.000***) 0.244(0.000***) 0.122(0.000***) 1(0.000***)

Time 22 -0.067(0.000***) 0.219(0.000***) 0.91(0.000***) 0.148(0.000***) 0.234(0.000***) 1(0.000***)

Time 32 -0.06(0.000***) 0.118(0.000***) 0.144(0.000***) 0.816(0.000***) 0.131(0.000***) 0.16(0.000***) 1(0.000***)

Table 3.  Physical activity pattern and frequency are correlated with balance ability of middle-aged and elderly 
people. Note: ***, ** and * represent significance levels of 1%, 5% and 10% respectively. 1Physical activity 
pattern:VPA:Do at Least 10 Minutes Continuously? MPA:Do at Least 10 Minutes Continuously?Walk:Do 
at Least 10 Minutes Continuously. 2Time 1 : Days of vigorous exercise per week. Time 2:Exercise moderate-
intensity days per week. Time 3:Walking days per week.
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function-oriented care approaches and long-term multimodal exercise may help maintain activities of daily 
living capacity, such as combined cognitive and physical function training. This suggests that activity methods 
need to be diversified and may require higher frequency to sustain the effects35,34,36,37. Exercise modalities exhibit 
intrinsic consistency with frequency parameters, as temporal accumulation of varied activities synergistically 
enhances functional outcomes.Joseph Michael Northey et al. established that ≥ 150  min/week of moderate-
intensity exercise improves cognitive performance in adults over 50, irrespective of baseline cognitive status36. 
While direct evidence for ADL enhancement remains limited, appropriate exercise prescription demonstrates 
multifactorial benefits including reduced type 2 diabetes risk (HR 0.72) and dementia prevention (RR 0.58)37,38.

As an important mediating factor in fall risk among older adults, ADL disability is influenced by multifactorial 
determinants, necessitating comprehensive intervention strategies for its enhancement.Current evidence 
establishes strong associations between ADL disability and geriatric comorbidities including stroke and 
osteoporosis39,18. The high prevalence of chronic conditions may constrain mobility patterns and amplify fall 
risk during routine activities.Therefore, in the intervention measures to prevent falls, in addition to considering 
reasonable activity patterns, we should also pay attention to rational medication management, provision of 
assistive devices, and home environment modifications (e.g., installing handrails, replacing flooring with anti-
slip materials)40,41. Complementary evidence from M.J. Chandler et al. substantiates cognitive remediation and 
behavioral strategies as viable modalities for ADL disability improvement39.

The cross-sectional design precludes establishing causal relationships between balance, ADL, and falls. 
Reliance on self-reported falls and functional status (ADL) introduces potential for recall and reporting bias. 
Furthermore, The average balance ability score in our final analytical sample (mean = 3.71, SD = 0.60 on a 0–4 
scale) was relatively high. This suggests that a significant portion of participants had good baseline balance 
function, potentially limiting the variability available to detect stronger associations between balance deficits and 
falls. The SPPB balance subscale, while a valid clinical tool, may have reduced sensitivity to detect subtle balance 
impairments in a population performing well overall, creating a potential ceiling effect. Future research should 
employ longitudinal designs to better elucidate causal pathways and investigate the effectiveness of interventions 
targeting both balance improvement and ADL enhancement in diverse populations, including those with greater 
functional limitations. Incorporating objective measures of falls and physical function could further strengthen 
the evidence.

In conclusion, this study provides evidence supporting statistically significant, albeit modest, associations 
between lower balance ability, higher ADL disability, and increased fall risk among middle-aged and older 
Chinese adults, with ADL disability acting as a partial mediator. The relatively high baseline balance in our 
sample and the limitations inherent in the cross-sectional design and self-reported measures necessitate 
cautious interpretation of the effect sizes and causal pathways. These findings reinforce the multifactorial nature 
of falls. Balance enhancement remains a crucial intervention target. Improving ADLs is vital for functional 
independence, but its specific role as a mediator of fall risk driven by balance deficits appears quantitatively 
limited in this relatively high-functioning population. Future longitudinal research, incorporating objective 
measures of balance, function, and falls, and focusing on diverse populations including those with greater 
functional impairment, is needed to confirm these pathways and quantify the clinical impact of interventions 
targeting them.

Conclusion
This study, utilizing cross-sectional data from the CHARLS cohort, demonstrates statistically significant 
associations between falls, balance ability, and ADL disability among middle-aged and older Chinese adults. 
Balance ability suggests a direct association with fall risk, while ADL disability exhibits a partial mediating effect 
in this pathway. Physical exercise remains an important, potentially modifiable intervention target for improving 
balance capacity. Therefore, improving ADL disability may represent one strategy to mitigate fall risk. However, 
the modest strength of the observed associations and the high baseline balance scores indicate that these factors 
likely have limited predictive power on their own and underscore the necessity for multifactorial fall prevention 
approaches. Furthermore, the cross-sectional design and reliance on self-reported data limit causal inferences 
regarding these relationships.

Data availability
The data supporting this study are from the China Health and Retirement Longitudinal Study (CHARLS), a 
publicly available dataset managed by the National School of Development at Peking University. Researchers 
can access the data by registering and submitting a request through the CHARLS official website ​(​​​h​t​t​p​:​/​/​c​h​a​r​l​s​.​
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