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Background: Previous investigations have indicated that both sarcopenia and depressive symptoms are linked to a heightened risk of 
falls. However, the potential synergistic effect of these conditions on fall risk remains unclear. This study aims to assess the combined 
influence of sarcopenia and depressive symptoms on the occurrence of falls in the Chinese population.
Methods: The analysis included 8,405 participants from the China Health and Retirement Longitudinal Study (CHARLS), conducted 
from 2011 to 2015. Sarcopenia was confirmed using the 2019 Asian Working Group for Sarcopenia (AWGS) algorithm consisting of 
muscle strength, appendicular skeletal muscle mass (ASM), and physical performance. ASM was calculated using the formula: 0.193 
× weight (kg) + 0.107 × height (cm) - 4.157 × sex - 0.037 × age (years) - 2.631. The Center for Epidemiological Research Depression 
Scale was utilized to assess depressive symptoms, with a cut-off score of 12 points. Depressive sarcopenia is defined as the coexistence 
of sarcopenia and depression. Multiple logistic regression analyses were conducted to explore the associations among sarcopenia, 
depressive symptoms, and fall occurrences.
Results: During the four-year follow-up, 1,275 participants reported experiencing falls. A significant synergistic effect was identified 
between sarcopenia and depressive symptoms regarding fall risk. Compare to robust individuals, those with sarcopenia alone or 
depression alone had increased falls risks, but those with both conditions exhibited the highest fall risk, with adjusted odds ratios (OR) 
of 1.21 (95% CI 1.03, 1.42; P = 0.0174), 1.53 (95% CI 1.24, 1.88; P < 0.001), and 1.78 (95% CI 1.48, 2.15; P < 0.001), respectively.
Conclusion: The findings highlight a synergistic effect between sarcopenia and depressive symptoms on fall risk. This study 
highlights the importance of early detection and intervention for both conditions, especially in older and middle-aged individuals, 
to mitigate fall risk.
Keywords: sarcopenia, depression, falls, Chinese people

Introduction
According to the World Health Organization (WHO), nearly 30% of individuals aged 65 and older, and about 50% of 
those aged 80 and above, report experiencing at least one fall each year.1 Annually, approximately 684,000 fatal falls 
occur, making them the second leading cause of accidental injury-related deaths, following road traffic accidents.2 The 
Global Burden of Disease 2019 study indicates that the fall rate for individuals aged 60 to 79 years is 3,648.3 per 
100,000, which increases dramatically to 11,524.4 per 100,000 for those aged 80 and older.3 Beyond the mortality 
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associated with falls, they are linked to various physical and mental health issues, including fractures,4 disability,5 

hospitalization,6 loneliness,7 and geriatric depression.8 Additionally, falls significantly contribute to healthcare costs and 
financial burdens.9 As the global population ages, preventing and managing falls and related injuries has emerged as 
a critical challenge.10

Depression is a common mental disorder affecting over 264 million people worldwide and significantly contributes to 
the overall burden of disease.11 Growing evidence indicates that depression is linked to adverse health outcomes, such as 
decreased quality of life, the onset of multiple chronic diseases, and higher all-cause mortality. With aging, individuals 
experience various physiological changes, such as a decline in muscle mass and functional capacity, which can lead to 
sarcopenia.12 The prevalence of sarcopenia among older adults in Asia has been reported to range from 5.5% to 
25.7%.12,13 Both depression and sarcopenia are common among the elderly, sharing similarities in their etiology, clinical 
features, and prognostic outcomes.14 Furthermore, both conditions have been shown to elevate the risk of falls in older 
adults.15,16

Recent studies have suggested a potential link between sarcopenia and depression. A meta-analysis found an 
independent association between these two conditions,17 revealing a relatively high prevalence of depression among 
individuals with sarcopenia.14 Moreover, more extensive research has indicated that depression may causally contribute 
to decreased muscle mass, while reduced muscle strength can heighten the risk of depression.18 These findings 
consistently highlight a significant association between sarcopenia and depression. Consequently, these conditions 
often co-occur in older populations, attracting increasing attention within the field of geriatrics. Recent studies have 
examined the relationship between depressive sarcopenia and the risks of all-cause mortality or cardiovascular disease, 
indicating the combined effects of these conditions on adverse health outcomes.19,20 As falls emerge as a critical issue for 
older individuals, it is essential to investigate the relationship between depressive sarcopenia and falls.

Previous studies had reported that both sarcopenia alone or depression alone was a risk factor for fall risk among 
people.21–23 However, no study assessed the combined effects of sarcopenia and depression on fall risk, leading to 
insufficient attention on how both conditions interact to influence fall susceptibility. Thus, this study aims to assess the 
combined impact of sarcopenia and depression on falls among middle-aged and elderly individuals in China, using data 
from the CHARLS Public database.

Methods
Study Population
The CHARLS project aims to collect high-quality micro-data representing individuals aged 45 and older in China. This 
research provides valuable insights into various socio-economic and health-related factors, serving as a foundation for 
analyzing population aging in China and facilitating interdisciplinary studies on the subject. The national baseline survey 
for CHARLS was carried out between 2011 and 2012, followed by four rounds of regular questionnaire follow-ups in 
2013, 2015, 2018, and 2020. Additionally, a comprehensive life course survey of middle-aged and elderly individuals 
was completed in 2014. To ensure the sample’s representativeness, the CHARLS baseline survey included 150 counties/ 
regions and 450 villages/urban communities nationwide, involving 17,708 individuals from 10,257 households. This 
design reflects the overall status of the middle-aged and elderly population in China. Detailed information about 
CHARLS has been published in previous literature.24 The CHARLS dataset is available for download from the official 
CHARLS website (http://charls.pku.edu.cn/en).

This study included individuals aged 45 years or older from the China Health and Retirement Longitudinal Study 
(CHARLS). The inclusion and exclusion criteria are outlined as follows: Inclusion criteria: (1) Participants who took part 
in the 2011 baseline survey of CHARLS; (2) Participants who completed assessments for both sarcopenia and depressive 
symptoms. Exclusion criteria: (1) Individuals younger than 45 years; (2) Participants who reported falls in 2011; (3) 
Participants with missing follow-up data; (4) Participants with more than 30% missing data on covariates. This analysis 
utilized data from two waves of CHARLS: the 2011 baseline survey (wave 1) and the 2015 follow-up survey (wave 3). 
The initial national baseline survey included 17,708 participants, but after applying the specified inclusion and exclusion 
criteria, 8,405 participants remained for the final analysis. The detailed selection process is illustrated in Figure 1.
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Assessment of Sarcopenia and Depression Status
The Center for Epidemiological Research Depression Scale (CES-D-10) was used to assess the depressive symptom, 
which has been validated as a reliable tool for detecting depression among Chinese adults.25 The scale comprises 10 
items reflecting participants’ experiences over the past week, such as feeling troubled, distracted, depressed, and hopeful 
about the future.26 Total scores range from 0 to 30, with higher scores indicating more severe depressive symptoms.27 

A critical cutoff score of ≥12 points was used to classify participants with depression. The CES-D-10 exhibited good 
internal consistency in this study.

Sarcopenia was defined according to (AWGS) 2019 algorithm, which incorporates measures of muscle strength, 
appendicular skeletal muscle mass (ASM), and physical performance.28 Grip strength was obtained by squeezing 
a YuejianTM WL-1000 dynamometer (Nantong Yuejian Physical Measurement Instrument Co., Ltd., Nantong, China) 
as forcefully as possible with thresholds set at < 28 kg for males and < 18 kg for females.28 ASM was calculated using 
a validated anthropometric equation for Chinese residents: ASM = 0.193 × weight (kg) + 0.107 × height (cm) – 4.157 × 
sex – 0.037 × age (years) – 2.631, with sex coded as 1 for males and 2 for females.29 Low muscle mass was categorized 
using height-adjusted muscle mass, with ASM/HT² values of <5.63 kg/m² for women and <7.05 kg/m² for men indicating 
low muscle mass.19 Low physical performance was defined as completing a five-time chair stand test in ≥12 seconds, 
a gait speed on a 6-m walk of <1.0 m/s, or a Short Physical Performance Battery (SPPB) score ≤9, as per the AWGS 
2019 consensus.30,31 Possible sarcopenia is defined as low muscle strength or low physical performance, whereas 
sarcopenia is characterized by low muscle mass in conjunction with either low muscle strength or low physical 
performance.30 For this study, participants with possible sarcopenia were included in the sarcopenia group.

Assessment of Falls
Falls were identified based on respondents’ self-reported health status. New respondents who answered “Yes” to the 
question “Have you fallen down?” were categorized as having experienced a fall.

Figure 1 Flow chart of sample selection and the exclusion criteria.
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Covariate Assessments
At baseline, trained interviewers gathered data on sociodemographic and health-related factors using a structured 
questionnaire. Sociodemographic variables included age, gender, educational level, marital status, and hukou (household 
registration).Educational levels were categorized as middle school or below and high school or above. Marital status was 
classified as married or other (including separated, divorced, widowed, and never married). Hukou status was divided 
into agricultural and non-agricultural.

Health-related variables included drinking status, smoking status, sleep duration, and physician-diagnosed chronic 
diseases such as hypertension, heart disease, stroke, arthritis, asthma, cancer, dyslipidemia, lung disease, liver disease, 
kidney disease, digestive disorders, psychological problems, and memory issues. Smoking status, drinking status, and 
sleep duration were self-reported by participants.

Statistical Analysis
To address missing data in the CHARLS database, the Template method (R Package “VIM”)32 and multiple imputation 
method (R Package “mice”)33 were utilized to enhance the accuracy of the research findings. Predictive mean matching 
was employed, with five cycles of imputation performed (m=5). A density plot based on imputed data was generated to 
illustrate differences between imputation methods. The final imputed datasets were used for subsequent analyses.

Participants were categorized into four groups according to their sarcopenia and depressive symptoms: (1) robust 
(absence of both sarcopenia and depression), (2) sarcopenia only, (3) depression only, and (4) depressive sarcopenia. The 
baseline characteristics were presented as percentages for categorical variables and as means with standard deviations for 
continuous variables. The Kruskal–Wallis rank sum test was used to compare continuous variables across groups, while 
the Chi-square test or Fisher’s exact test was employed for categorical variables.

Univariate analysis identified potential confounders influencing fall occurrences. Multiple logistic regression analysis 
was conducted to examine the relationship between different groups (sarcopenia only, depression only, and depressive 
sarcopenia) and fall risk, using the robust group as a reference. Three models were constructed: Model I was not adjusted for 
any variables; Model II adjusted for the minimal sufficient adjustment set (MSAS) identified using a causal directed acyclic 
graph (DAG), including age, gender, educational level, marital status, hukou, drinking, and smoking (Supplementary 
Figure 1); Model III further adjusted for covariates identified in the univariate analysis, including hypertension, heart, 
memory, psychology, lung, stroke, arthritis, liver disease, kidney disease, digestive system disease, asthma and sleep 
duration. The logistic regression analysis results were reported as odds ratios (ORs) accompanied by 95% confidence 
intervals (CIs), with statistical significance assessed using p-values. Additionally, subgroup analyses were conducted to 
evaluate the combined effect of sarcopenia and depressive symptoms on fall risk across different strata, including age, 
gender, hukou status, educational level, marital status, smoking status, and drinking status. All statistical analyses were 
performed using R version 4.2.2 and EmpowerStats version 4.1 (www.empowerstats.com; X&Y Solutions Inc).

Results
Baseline Characteristics According to Sarcopenia and Depression Status
This study comprised 8,405 middle-aged and elderly participants, with a mean age of 58.68 years (SD = 9.15). 
Participants were categorized into four groups based on their depressive status and sarcopenia: 3,805 individuals were 
classified as robust (neither condition), 2,552 had sarcopenia only, 826 had depression only, and 1,222 exhibited both 
depression and sarcopenia. Notably, individuals with both conditions were typically older, predominantly female, 
primarily residing in rural areas, and exhibited a higher proportion with educational attainment of junior middle school 
or lower. This group also demonstrated a greater likelihood of being married or cohabiting, reported shorter sleep 
duration, and had a higher prevalence of chronic diseases. Moreover, they exhibited a lower body mass index (BMI) and 
a higher prevalence of various health conditions, such as hypertension, chronic lung disease, heart disease, stroke, 
psychiatric disorders, arthritis, dyslipidemia, kidney disease, liver disease, digestive disorders, asthma, and memory 
impairments. Interestingly, the prevalence of alcohol consumption and smoking was lower in the depressive sarcopenia 
group. No significant differences in the prevalence of diabetes or cancer were observed among the groups (Table 1).
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Table 1 Baseline Characteristics of the Study Participants According to Sarcopenia and Depression Status in Baseline

Variable Total Robust Sarcopenia Only Depression Only Depressive Sarcopenia P-value

No. of subjects 8405 3805 2552 826 1222

Age 58.68 ± 9.15 55.26 ± 7.53 62.83 ± 9.40 55.89 ± 7.62 62.58 ± 9.09 <0.001

Gender <0.001

Male 4184 (49.78%) 2227 (58.53%) 1167 (45.73%) 368 (44.55%) 422 (34.53%)

Female 4221 (50.22%) 1578 (41.47%) 1385 (54.27%) 458 (55.45%) 800 (65.47%)

Educational level <0.001

Middle school or below 5677 (67.54%) 2063 (54.22%) 1991 (78.02%) 584 (70.70%) 1039 (85.02%)

High school or above 2728 (32.46%) 1742 (45.78%) 561 (21.98%) 242 (29.30%) 183 (14.98%)

Marital status <0.001

Married 1015 (12.08%) 230 (6.04%) 407 (15.95%) 113 (13.68%) 265 (21.69%)

Other 7390 (87.92%) 3575 (93.96%) 2145 (84.05%) 713 (86.32%) 957 (78.31%)

Hukou <0.001

Agricultural 6903 (82.13%) 2955 (77.66%) 2127 (83.35%) 705 (85.35%) 1116 (91.33%)

Non-agricultural 1502 (17.87%) 850 (22.34%) 425 (16.65%) 121 (14.65%) 106 (8.67%)

Drinking <0.001

No 5612 (66.77%) 2288 (60.13%) 1820 (71.32%) 568 (68.77%) 936 (76.60%)

Yes 2793 (33.23%) 1517 (39.87%) 732 (28.68%) 258 (31.23%) 286 (23.40%)

Smoking <0.001

No 5699 (67.80%) 2469 (64.89%) 1773 (69.47%) 576 (69.73%) 881 (72.09%)

Yes 2706 (32.20%) 1336 (35.11%) 779 (30.53%) 250 (30.27%) 341 (27.91%)

Hypertension <0.001

No 6276 (74.67%) 2914 (76.58%) 1898 (74.37%) 611 (73.97%) 853 (69.80%)

Yes 2129 (25.33%) 891 (23.42%) 654 (25.63%) 215 (26.03%) 369 (30.20%)

Diabetes 0.058

No 7916 (94.18%) 3580 (94.09%) 2424 (94.98%) 764 (92.49%) 1148 (93.94%)

Yes 489 (5.82%) 225 (5.91%) 128 (5.02%) 62 (7.51%) 74 (6.06%)

Cancer 0.207

No 8336 (99.18%) 3778 (99.29%) 2534 (99.29%) 815 (98.67%) 1209 (98.94%)

Yes 69 (0.82%) 27 (0.71%) 18 (0.71%) 11 (1.33%) 13 (1.06%)

Lung <0.001

No 7629 (90.77%) 3557 (93.48%) 2291 (89.77%) 735 (88.98%) 1046 (85.60%)

Yes 776 (9.23%) 248 (6.52%) 261 (10.23%) 91 (11.02%) 176 (14.40%)

Heart <0.001

No 7467 (88.84%) 3453 (90.75%) 2275 (89.15%) 714 (86.44%) 1025 (83.88%)

Yes 938 (11.16%) 352 (9.25%) 277 (10.85%) 112 (13.56%) 197 (16.12%)

Stroke <0.001

No 8238 (98.01%) 3765 (98.95%) 2493 (97.69%) 805 (97.46%) 1175 (96.15%)

Yes 167 (1.99%) 40 (1.05%) 59 (2.31%) 21 (2.54%) 47 (3.85%)

Psychology <0.001

No 8323 (99.02%) 3784 (99.45%) 2542 (99.61%) 806 (97.58%) 1191 (97.46%)

Yes 82 (0.98%) 21 (0.55%) 10 (0.39%) 20 (2.42%) 31 (2.54%)

Arthritis <0.001

No 5717 (68.02%) 2844 (74.74%) 1776 (69.59%) 457 (55.33%) 640 (52.37%)

Yes 2688 (31.98%) 961 (25.26%) 776 (30.41%) 369 (44.67%) 582 (47.63%)

Dyslipidemia <0.001

No 7627 (90.74%) 3421 (89.91%) 2376 (93.10%) 740 (89.59%) 1090 (89.20%)

Yes 778 (9.26%) 384 (10.09%) 176 (6.90%) 86 (10.41%) 132 (10.80%)

Liver disease 0.002

No 8150 (96.97%) 3709 (97.48%) 2480 (97.18%) 793 (96.00%) 1168 (95.58%)

Yes 255 (3.03%) 96 (2.52%) 72 (2.82%) 33 (4.00%) 54 (4.42%)

(Continued)
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Univariate Analysis for the Incidence of Falls
A univariate analysis was conducted to evaluate the association between individual independent variables and the 
frequency of falls. The results indicated that factors such as age, gender, educational level, marital status, hukou, 
sarcopenia alone, depression alone, depressive sarcopenia, hypertension, heart, memory, psychology, lung, stroke, 
arthritis, liver disease, kidney disease, digestive system disease, asthma and sleep duration were significantly linked to 
the risk of falls (P < 0.05). Consequently, these variables were incorporated into the multivariate model. Conversely, 
conditions like diabetes mellitus and hyperlipidemia did not show statistical significance in the univariate analysis 
(Supplementary Table 1).

Relationship Between Sarcopenia, Depressive Symptoms, and Falls Analyzed via 
Multiple Logistic Regression
The relationship between depressive sarcopenia and fall incidents was assessed using a multivariate logistic regression 
model, adjusting for various covariates. In the unadjusted model, individuals with sarcopenia only showed an increased 
risk of falls (OR = 1.49, 95% CI: 1.28, 1.72, P < 0.0001), as did those with depression only (OR = 1.97, 95% CI: 1.61, 
2.41, P < 0.0001). The risk was significantly elevated among individuals with both conditions (OR = 2.70, 95% CI: 2.29, 
3.18, P < 0.0001). After adjusting for confounders, the results remained consistent: the sarcopenia-only group exhibited 
an increased risk (OR = 1.21, 95% CI 1.03, 1.42; P = 0.0174), as did the depression-only group (OR = 1.53, 95% CI: 
1.24, 1.88; P < 0.001). Similarly, individuals with both conditions had a significantly heightened risk of falls (OR = 1.78, 
95% CI: 1.48, 2.15; P < 0.001) (Table 2). Further analysis revealed a Relative Excess Risk due to interaction (RERI) of 
0.05 (−0.36, 0.43), an Attributable Proportion (AP) of 0.03 (−0.22, 0.22), and a Synergy Index (SI) of 1.08 (0.63, 1.85), 
indicating no interaction between sarcopenia and depressive symptoms on fall risk.

Stratified Analyses of the Relationship Between Depressive Sarcopenia and Falls
Stratified analyses were conducted to explore the association between depressive sarcopenia and fall risk across various 
subgroups, including age, gender, hukou, educational level, marital status, smoking, and drinking. The results indicated 
that the association between depressive sarcopenia and falls was statistically significant across all subgroup variables. 
Notably, significant interactions between depressive sarcopenia and fall risk were observed only for gender (P for 

Table 1 (Continued). 

Variable Total Robust Sarcopenia Only Depression Only Depressive Sarcopenia P-value

Kidney disease <0.001

No 7975 (94.88%) 3652 (95.98%) 2441 (95.65%) 757 (91.65%) 1125 (92.06%)

Yes 430 (5.12%) 153 (4.02%) 111 (4.35%) 69 (8.35%) 97 (7.94%)

Digestive system disease <0.001

No 6641 (79.01%) 3141 (82.55%) 2067 (81.00%) 590 (71.43%) 843 (68.99%)

Yes 1764 (20.99%) 664 (17.45%) 485 (19.00%) 236 (28.57%) 379 (31.01%)

Asthma <0.001

No 8042 (95.68%) 3700 (97.24%) 2439 (95.57%) 772 (93.46%) 1131 (92.55%)

Yes 363 (4.32%) 105 (2.76%) 113 (4.43%) 54 (6.54%) 91 (7.45%)

Memory <0.001

No 8308 (98.85%) 3787 (99.53%) 2512 (98.43%) 820 (99.27%) 1189 (97.30%)

Yes 97 (1.15%) 18 (0.47%) 40 (1.57%) 6 (0.73%) 33 (2.70%)

BMI 24.18 ± 20.68 25.21 ± 14.40 23.27 ± 32.93 24.58 ± 3.41 22.55 ± 3.96 <0.001

CESD_2011 7.86 ± 6.08 4.73 ± 3.26 5.50 ± 3.33 16.05 ± 3.76 16.98 ± 4.25 <0.001

Sleep duration 6.43 ± 1.83 6.75 ± 1.55 6.55 ± 1.83 5.90 ± 1.92 5.59 ± 2.17 <0.001

Cognitive 9.05 ± 3.46 7.90 ± 3.01 9.71 ± 3.52 9.50 ± 3.19 10.95 ± 3.53 <0.001

Notes: Continuous variables are expressed as mean ± standard deviation, or as median (interquartile range). Categorical variables are expressed as frequency (percent). 
Units for Variables: Sleep duration is presented in “hours”; BMI is expressed in “kg/m²”. Cognition: 21–(memory test score + orientation test score + serial 7’s test + 
drawing test).
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interaction = 0.0371), with males exhibiting a stronger synergistic effect compared to females. No significant interactions 
were identified with age, educational level, marital status, hukou status, smoking, or drinking (P for interaction > 0.05) 
(Figure 2; Supplementary Table 2).

Table 2 Association of Sarcopenia and Depression with New-Onset Fall Events

Variable Robust Sarcopenia Only Depression Only Depressive Sarcopenia

Fall events
Case, n (%) 3805 (45.27%) 2552 (30.36%) 826 (9.83%) 1222 (14.54%)

Model 1 1.00 (Ref) 1.49 (1.28, 1.72) <0.0001 1.97 (1.61, 2.41) <0.0001 2.70 (2.29, 3.18) <0.0001

Model 2 1.00 (Ref) 1.26 (1.07, 1.47) 0.0049 1.80 (1.47, 2.21) <0.0001 2.18 (1.82, 2.60) <0.0001
Model 3 1.00 (Ref) 1.21 (1.03, 1.42) 0.0174 1.53 (1.24, 1.88) <0.0001 1.78 (1.48, 2.15) <0.0001

Notes: Model 1 was non-adjusted model. Model 2 was adjusted for the minimal sufficient adjustment set (MSAS) identified using a causal 
directed acyclic graph (DAG) including adjusted for age categorical (age≥65; age<65); gender; educational level; marital status; hukou; 
drinking; smoking. Model 3 was further adjusted for hypertension; heart; memory; psychology; lung; stroke; arthritis; liver disease; kidney 
disease; digestive system disease; asthma and sleep duration based on Model 2.

Subgroup

Age

Depressive sarcopenia

  <65

    OR(95% CI)

  >=65

P-value

Gender

P for interaction

  Male

  Female

Education

  Middle school or below

  High school or above

Marital status

  Married

  Other

Hukou

  Agricultural

  Non-agricultural

Alcohol

   No

  Yes

Smoking

  No

  Yes

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

                                       

1.87 (1.50, 2.33) 

1.86 (1.27, 2.72) 

2.18 (1.63, 2.92) 

1.53 (1.20, 1.96) 

1.76 (1.43, 2.18) 

2.01 (1.32, 3.04) 

2.26 (1.34, 3.81) 

1.76 (1.43, 2.15) 

1.76 (1.44, 2.15) 

2.22 (1.29, 3.84) 

1.74 (1.40, 2.16)

1.87 (1.30, 2.69) 

1.76 (1.42, 2.19) 

1.85 (1.29, 2.65) 

<0.0001

0.0015 

<0.0001

0.0006 

<0.0001

0.0010 

0.0023 

<0.0001

<0.0001

0.0041 

 <0.0001

0.0008 

<0.0001
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Figure 2 Subgroup Analysis of Associations between Sarcopenia, Depression, Depressive Sarcopenia, and Fall Risk by Sociodemographic Factors.
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Discussion
This cohort analysis utilized data from the China Health and Retirement Longitudinal Study (CHARLS) to examine the 
relationships between sarcopenia, depressive symptoms, and their co-occurrence—termed depressive sarcopenia—in 
relation to fall incidents. The findings underscore the significant roles that both depressive symptoms and sarcopenia play 
as correlates of fall risk among older Chinese adults. Notably, our study reveals a significant synergistic effect between 
these two conditions, indicating that their coexistence markedly increases the likelihood of falls. This interaction poses 
a substantial threat to individual health and safety, underscoring the urgent need for preventive measures.

Extensive prior research has consistently demonstrated that sarcopenia is associated with an increased likelihood of 
falls.21,22 Research has identified sarcopenia as a factor contributing to various adverse health outcomes, such as falls, 
fractures, functional decline, cognitive decline, depression, and increased mortality.34,35 Furthermore, evidence suggests 
that both suspected and confirmed sarcopenia, as defined by the AWGS 2019 criteria, show a significant positive 
correlation with fall occurrences.36 Our study aligns with these findings, indicating that individuals with sarcopenia 
(including possible, confirmed, and severe sarcopenia assessed via the AWGS 2019 algorithm) have an 18% higher risk 
of falls, based on CHARLS data from 2011 to 2015.

Additionally, depressive symptoms have been established as a key risk factor for falls.23,37 A study involving 89,076 
subjects from the UK Biobank utilized a genome-wide association study (GWAS) to explore genetic factors associated 
with fall risk, revealing correlations with insomnia, neuroticism, and depressive symptoms.37 Our study corroborates 
these findings, demonstrating that participants with depressive symptoms, as measured by the CES-D 10, had a 77% 
higher risk of falls compared to healthy individuals.

The significant synergistic effect observed between sarcopenia and depressive symptoms in our study suggests that 
these conditions may collectively exacerbate fall risk. Individuals with both conditions (depressive sarcopenia) exhibited 
the highest fall risk (OR = 1.78, 95% CI: 1.48, 2.15) compared to those with sarcopenia only (OR = 1.21, 95% CI: 1.03, 
1.42) or depression only (OR = 1.53, 95% CI: 1.24, 1.88). This supports previous research that identified synergistic 
effects of sarcopenia and depression on adverse outcomes, including overall mortality and cardiovascular risk.19,20 Given 
the prevalence of sarcopenia and depression among older populations, it is crucial for healthcare providers to screen for 
both conditions, especially in middle-aged and older adults. Timely assessment enables the implementation of necessary 
interventions, and recent advancements in exercise programs, such as the novel multicomponent program for sarcopenic 
older adults designed by Kumar et al, hold promise for significantly improving the functional status of sarcopenic 
individuals. This innovative approach, known as ReStart-S, targets older adults residing in long-term care settings and 
emphasizes the importance of tailored, exercise-based strategies for combating sarcopenia.38

While the specific mechanisms linking sarcopenia and depression to increased fall risk remain unclear, several 
potential explanations can be posited. These are likely associated with multifactorial, molecule-driven pathways, 
encompassing neurotrophins, chronic inflammation, and oxidative stress,39,40 alongside common lifestyle factors such 
as malnutrition and physical inactivity.12,13 Falls, sarcopenia, and depression share clinical manifestations and underlying 
causes, such as physical inactivity, disrupted sleep, and depressive symptoms.41 Chronic inflammation may play a pivotal 
role,42 as elderly individuals often contend with poly-chronic illnesses where inflammatory cytokines activate the 
ubiquitin-proteasome pathway, leading to muscle fiber degradation.43 This results in decreased muscle strength, function, 
and mass, thereby accelerating the development of sarcopenia.44

The muscle-brain endocrine axis, mediated by myokines, may also connect sarcopenia with various health issues, 
including depression and cognitive decline,45–47 further elevating fall risk. Conversely, evidence suggests that physical 
activity can enhance antioxidative capacity, reduce oxidative stress, and exert anti-inflammatory effects.45,48,49 Exercise 
has been shown to mitigate the progression of both sarcopenia and depression.12,13,29 Further extensive research is 
essential to investigate the relationships between these conditions and fall risk, as well as to elucidate the specific 
mechanisms underlying these connections.

This research has several significant merits. Notably, it is one of the first studies to explore the relationships among 
depression alone, sarcopenia alone, and the combined condition of depressive sarcopenia concerning fall risk, utilizing 
data from the nationally representative CHARLS survey. The representativeness of the CHARLS dataset enhances the 
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credibility of our findings for middle-aged and elderly individuals in China. Furthermore, adherence to the AWGS 
sarcopenia measurement guidelines ensures the accuracy of our results regarding muscle health. Lastly, the cohort design 
provides evidence of a relevant causal relationship.

However, several limitations warrant consideration. First, the assessment of fall incidents relied on participant self- 
reporting, which may introduce recall bias and potential underreporting. Second, the use of the CES-D 10 scale limited 
the evaluation of participants’ psychological well-being to a one-week period, which may not accurately capture long- 
term psychological states; future studies should incorporate longer-term evaluations. Third, the use of the ASM formula 
to evaluate muscle mass, instead of the more widely recognized dual-energy X-ray absorptiometry (DXA), may introduce 
potential biases. Fourth, despite accounting for numerous confounding variables, this observational study remains 
susceptible to biases and unmeasured confounders. Lastly, while utilizing data from two waves (2011 to 2015) offers 
valuable insights, limitations in accessing updated data may prevent our findings from fully reflecting current epidemio-
logical trends. Temporal, cultural, socio-economic, and environmental factors could influence the relationship between 
depressive sarcopenia and falls, necessitating further studies to validate our conclusions across diverse regions.

Conclusion
In conclusion, our study confirms that both sarcopenia and depressive symptoms independently increase the risk of falls. 
Furthermore, we identify a potential synergistic effect between the two conditions, with individuals affected by both 
sarcopenia and depressive symptoms experiencing an especially high risk of falling. These findings highlight the critical 
need for comprehensive screening and early recognition of sarcopenia and depressive symptoms in clinical and public 
health settings. Timely implementing effective preventive measures are essential to reduce the occurrence of falls. 
Additionally, our study directs future research toward exploring the potential interactions between these two conditions 
and their biological mechanisms, providing a scientific foundation for developing targeted intervention strategies.
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