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Objective: To investigate the mediating role of depression between sleep disturbance and locomotive syndrome (LS) in geriatric
cancer patients, and to provide a basis for interventions targeting motor function impairment in this population.

Methods: A convenience sample of 600 geriatric cancer patients was recruited in this cross-sectional study. General information
questionnaires, the Pittsburgh Sleep Quality Index (PSQI), the Patient Health Questionnaire Depression Scale (PHQ-9), and the
Geriatric Locomotive Function Scale (GLFS-25) were administered to measure depression, sleep disturbance, and LS. Multivariate
logistic regression was used to evaluate the impact of sleep disturbance on LS. Bootstrap sampling was performed to analyze the
mediating effect of depression scores this relationship.

Results: Valid questionnaires were obtained from 584 geriatric cancer patients. Sleep disturbances affected 216 patients (37.0%),
including 66 (11.3%) with moderate-to-severe disturbances, while 259 (44.3%) had LS. After controlling for confounding factors,
multivariate logistic regression showed that geriatric cancer patients with mild and moderate-to-severe sleep disturbances had 1.42-
fold (95% CI: 1.23~1.67, P=0.001) and 1.81-fold (95% CI: 1.31~2.45, P<0.001) higher risks of LS, respectively. Mediator analysis
revealed that depression partially mediated the relationship between sleep disturbances and LS, with an effect size of 0.043 (95% CI:
0.032~0.055, P<0.001), accounting for 21.15% of the total effect.

Conclusion: Depression, sleep disturbance, and LS are closely related. Sleep disturbance was directly and indirectly associated with
LS through depression. Healthcare providers should pay attention to sleep disturbances and depression in geriatric cancer patients. For
patients whose sleep quality cannot be effectively improved, alleviating depressive symptoms may help reduce the incidence of LS.
Keywords: sleep disturbance, depression, locomotive syndrome, mediating effect, geriatric cancer patients

Background

Organ aging progresses with advancing age, and aging itself is one of the most significant causes of tumor development.
The incidence and mortality rates of tumors increase with age.! A study by the U.S. National Institutes of Health
identified aging as the primary risk factor for tumor development.” In 2022, China recorded 4.8247 million new cancer
cases, with a standardized incidence rate of 201.61 per 100,000 people. The country reported 2.5742 million cancer
deaths, with a standardized mortality rate of 96.47 per 100,000 people, both ranking highest globally.® The data indicate
that tumor incidence rises markedly from the 35-39 age group, peaking in the 80-84 age group.’ Mortality rates
significantly increase from the 40~44 age group and peak in those aged 85 and older.” By 2035, approximately 60% of
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newly diagnosed cancer patients worldwide will be aged 65 or older. As the aging population expands, cancer incidence
and mortality rates continue to rise. Malignant tumors have thus become a serious public health issue threatening the
lives and health of China’s elderly population.’*

The Japanese Orthopaedic Association introduced locomotive syndrome (LS).’ Its essence is not defined by tradi-
tional pathology but by epidemiology. Its purpose is to raise awareness of musculoskeletal health, enabling timely
prevention and treatment of musculoskeletal disorders. This aims to reduce the incidence of mobility-related disabilities
among the elderly, thus alleviating the caregiving burden on families and society.® One of the primary causes of lower
back pain includes systemic skeletal disorders affecting bones, joints, and muscles, such as osteoporosis, degenerative
arthritis, and degenerative lumbar disorders.” LS disrupts inflammatory pathways and impairs the central nervous system,
leading to neuroendocrine dysfunction and oxidative stress damage. Consequently, patients experience prolonged
hospital stays and increased mortality rates.”

With advancing age, elderly individuals experience declines in physiological functions, including changes in sleep
duration, circadian rhythms, and sleep efficiency. These alterations manifest as prolonged sleep latency, reduced deep
sleep duration, fragmented sleep patterns, and early sleep onset with early awakening.’ Sleep disturbances can disrupt
restorative processes, preventing adequate blood circulation to bodily systems. This leads to diminished immune function
and metabolic capabilities.'® Older cancer patients may experience reduced sleep quality due to various treatments, pain,
and multiple medications. This condition may lead to complications such as cognitive impairment, pain sensitization,
arrhythmia, blood pressure fluctuations, and even unexpected death.''

Recently, research has increasingly explored the potential correlation between sleep disturbances and movement
disorders in the elderly. Multiple studies demonstrate that poor sleep may be associated with symptoms of movement
disorders in geriatric cancer patients. These symptoms include decreased muscle strength and balance, reduced mobility,
increased risk of falls, and cognitive decline. Such findings suggest a potential underlying connection between sleep
disturbances and movement disorders.'>'? According to authoritative statistics from the WHO, approximately
280 million people (3.8%) worldwide suffer from depression, with the elderly population aged 60 and above accounting
for 5.7%."* Depression increases sympathetic nervous system activity, potentially impairing cerebral vasoconstriction
and vasodilation responses, the autoregulation of cerebral blood flow, and the establishment of collateral circulation. This
disruption may impede brain functional reorganization, potentially limiting motor function recovery.'> Recent evidence
highlights the substantial burden of sleep disturbance and depression in older cancer patients. A systematic review and
meta-analysis involving 16,223 cancer patients reported a pooled prevalence of poor sleep quality of 57.4% (95% CI:
53.3%~61.6%), significantly higher than that observed in the general elderly population.'® Another large-scale meta-
analysis including 135,015 cancer survivors from over 30 countries revealed a depression prevalence of 23.7% (95% CI:
20.1%~27.4%) and a sleep disorder prevalence of 34.1% (95% CI: 27.9%~40.6%)."” These findings underscore that
sleep disturbance and depression are not merely age-related conditions but are significantly amplified by cancer and its
treatments, rendering geriatric cancer patients a particularly vulnerable population requiring targeted investigation.

Despite growing evidence linking sleep disturbance to motor dysfunction in the general elderly population, and
depression to physical function decline, no studies to date have specifically examined whether depression mediates the
relationship between sleep disturbance and locomotive syndrome in geriatric cancer patients.'* Given the high prevalence
of both sleep disturbance and depression in this population, and their documented impact on functional outcomes,
understanding this mediating mechanism is critical for developing targeted interventions. Geriatric cancer patients
represent a distinct subgroup within the elderly population, characterized by the compounded effects of aging, malig-
nancy, and cancer-related treatments.” Cancer therapies such as chemotherapy and radiation can exacerbate sleep
disturbances through direct physiological effects and symptom burden, while the psychological impact of a cancer
diagnosis may heighten vulnerability to depression.'' These unique factors may render geriatric cancer patients
particularly susceptible to the detrimental effects of sleep disturbance on motor function, potentially through depressive
pathways. Therefore, findings from studies on general elderly populations may not be directly generalizable to this
clinical population, underscoring the need for population-specific investigation.

Research indicates that poor sleep quality and depression constitute risk factors for LS. Sleep quality also correlates
positively with depression. Therefore, depression may serve as a mediating variable between sleep and movement
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disorders.”'®!* A mediation framework is conceptually appropriate for this study because we hypothesize that sleep
disturbance may associated with LS through two distinct pathways. First, sleep disturbance may directly impair motor
function through physiological mechanisms such as circadian rhythm disruption, hormonal imbalances, and impaired tissue
repair. Second, sleep disturbance may indirectly affect motor function by exacerbating depressive symptoms, which in turn
reduce physical activity engagement, promote social withdrawal, and contribute to muscle deconditioning and functional
decline. Testing this mediating pathway can elucidate the mechanisms linking sleep disturbance to motor dysfunction and
identify potential intervention targets. This study focuses on geriatric cancer patients and employs structural equation
modeling (SEM) to clarify the mediating effect of depression between sleep disturbances and LS. These findings provide
clinical evidence for improving patients’ sleep and depressive states, potentially reducing the incidence of LS.

Objects and Methods

This study was a single-center, cross-sectional survey. Participants voluntarily enrolled and provided written informed
consent. The study was approved by the Ethics Committee of the Affiliated Hospital of Jiangnan University (No.
LS2023101) and registered in the Chinese Clinical Trial Registry (No. ChiCTR2400079958) on January 17, 2024. The
study adhered to the principles of the Declaration of Helsinki.

Objects

A convenience sampling method was used to recruit 600 geriatric cancer patients who visited the Cancer Center of
Jiangnan University Affiliated Hospital between June 2024 and March 2025.

Inclusion Criteria

(1) Age >60 years; (2) Diagnosed with malignant tumors according to the 8th edition of the International Tumor TNM
Staging System, without bone metastases; (3) Receiving anticancer chemotherapy or other treatments rather than
palliative care; (4) Barthel Index >60; (5) No history of motor function disorders caused by primary orthopedic
conditions; (6) Voluntarily provided informed consent.

Exclusion Criteria
(1) Any contraindication to exercise; (2) Severe physical or mental illness, such as clinically diagnosed major depressive
disorder (diagnosed by a psychiatrist, rather than depressive symptoms measured by scales); (3) Cognitive impairment.

Research Instruments

General Information Questionnaire

A self-developed questionnaire collected data on age, gender, living arrangements, exercise habits, primary tumor type,
and comorbidities. Exercise habits were defined as engaging in moderate-to-vigorous physical activity at least three times
per week for 30 minutes or more per session. Hypertension, diabetes, coronary heart disease, and cerebrovascular disease
were self-reported and confirmed by secondary-level or higher medical institutions.

LS

The Geriatric Locomotive Function Scale (GLFS-25), developed by Seichi in Japan, was used to assess locomotive
dysfunction syndrome.”® The GLFS-25 comprises 25 items across four domains: physical pain, activities of daily living
(ADL), social activities, and mental state. Each item uses a 5-point Likert scale (0—4 points; total score 0—100 points).
The scale shows a Cronbach’s a coefficient of 0.93, indicating high reliability and validity. A score >16 indicates the

presence of LS in the participant.®'-*?

Depression
The Patient Health Questionnaire-9 (PHQ-9) was used to assess depressive symptoms. Developed by Kroenke et al in

2001, it evaluates symptoms over the past two weeks, with a Cronbach’s o of 0.879.>* The PHQ-9 contains nine items
rated on a 4-point Likert scale from 0 (“not at all”) to 3 (“almost every day”), with a total score ranging from 0 to 27.
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Higher scores indicate more severe depression. Scores of 0—4 represent no depression, 5-9 mild depression, 10-14
moderate depression, 15-19 moderate-to-severe depression, and 2027 severe depression.”!

Sleep Disturbance

The Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality. Developed by Buysse et al at the University
of Pittsburgh in 1989, the PSQI evaluates sleep quality over the preceding month, with a Cronbach’s a coefficient of
0.830.>* The scale includes 19 self-report items and 5 rater-report items, though only the first 18 self-report items were
used in this study. It assesses seven dimensions: subjective sleep quality, sleep onset latency, sleep duration, sleep
efficiency, sleep disturbances, hypnotic medication use, and daytime dysfunction. Each item uses a 4-point Likert scale,
with total scores ranging from 0 to 21; higher scores indicate poorer sleep quality. A PSQI score >6 indicates sleep
disturbance. Scores of 0—5 represent normal sleep, 6—10 poor sleep quality, 11-15 very poor sleep quality, and 16-21
extremely poor sleep quality.?® In this study, poor sleep quality was defined as mild sleep disturbance, and very poor or
extremely poor sleep quality as moderate-to-severe sleep disturbance.

Sample Size
The primary scales used (GLFS-25, PHQ-9, and PSQI) comprised 52 variables. The sample size was calculated as 10
times the number of variables, with a 10% attrition rate included. At least 578 participants were required. A total of 600

questionnaires were distributed, with 584 valid responses collected, yielding a valid response rate of 97.3%.

Statistical Methods

Data were entered into EpiData 3.0. Descriptive analysis, y* tests, and multivariate logistic regression analyses were performed
using SPSS 26.0. The mediating effect of depression on the relationship between sleep disturbances and LS was analyzed using
the Bootstrap method. For clinical interpretability, LS was treated as a binary outcome (GLFS-25 score>16) in the multivariate
logistic regression analysis to estimate the risk of LS associated with sleep disturbance and depression. For the mediation
analysis, the continuous scores of GLFS-25, PHQ-9, and PSQI were standardized to preserve information richness and enhance
statistical power, consistent with the assumptions of the mediation modeling framework. Both analytic approaches serve
complementary purposes: logistic regression provides clinically actionable risk estimates, while mediation analysis elucidates
the mechanistic pathway. The significance level was set at 0.05 for two-tailed tests. The study workflow is presented in Figure 1.

600 geriatric cancer patients
initially enrolled in the study

Excluded (N=16)
»| - Refused to participate (N=6)

4 » Not Implemented the Questionnaires (N=10)
Participants remained for the study
(N=584)
I
General Locomotive Benression Sleep
Information Syndrome (PpHQ-9) Disturbance
Questionnaire (GLFS-25) (PSQI)

Figure | The Study Workflow.
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Hematologic malignancies

Malignant tumors of the reproductive system

Malignant breast tumor

Malignant tumors of the head and neck

Malignant liver tumors

Malignant lung tumor

Gastrointestinal Malignant Tumors

Figure 2 The Primary Tumor Types of 584 Geriatric Cancer Patients.

Results

General Information
The mean age of the 584 geriatric cancer patients was 68.23 + 4.78 years. The mean scores for LS, depression, and sleep
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disturbance were 14.92 = 7.87, 6.48 + 3.23, and 7.63 £ 3.72, respectively. The primary tumor types in this population are

shown in Figure 2. Among these geriatric cancer patients, 259 (44.3%) had LS. Detailed information is presented in Table 1.

Table | Comparison of LS Incidence Among Geriatric Cancer Patients with Different
Characteristics
Variables Classification N LS Ve P

None | Yes

Gender Male 276 153 123 | 0.024 | 0.645
Female 308 172 136

Age 60~70 253 165 88 | 25.822 | <0.001
71~80 217 114 103
81~ 114 46 68

Marital status With partner 415 250 165 | 24.656 | <0.001
Without partner 169 75 94

Residence Town 354 244 110 | 23.574 | <0.001
Rural 230 8l 149

Educational attainment Primary school and below 198 64 134 | 25.623 | <0.001
Secondary school 265 183 82
College and above 121 79 42

Exercise habits Yes 180 126 54 | 26.209 | <0.001
None 404 199 | 205

Hypertension Yes 298 163 135 | 0.923 0.687
None 286 162 124

Diabetes Yes 138 78 60 | 0.835 | 0457
None 446 | 247 199

Coronary heart disease Yes 138 60 78 3.677 0.027
None 446 | 265 181

Cerebrovascular disease Yes 160 65 95 | 18.768 | <0.001
None 424 | 260 164

(Continued)
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Table | (Continued).

Variables Classification N LS Ve P
None | Yes
Sleep status Normal 368 224 144 | 28.632 | <0.001
Mild sleep disturbance 150 77 73
Moderate-to-severe sleep disturbance | 66 24 42
Depression Yes 77 24 53 | 13.893 | <0.001
None 507 | 30l 206

Impact of Sleep Disturbances and Depression on LS in Geriatric Cancer Patients
Variables with P < 0.05 in Table 1 were set as covariates and controlled in the regression model. Multivariate logistic
regression analysis indicated that patients with mild sleep disturbances and moderate-to-severe sleep disturbances had
1.42-fold (95% CI: 1.23-1.67, P = 0.001) and 1.81-fold higher risks (95% CI: 1.31-2.45, P < 0.001) of developing LS,
respectively. Patients with depression had a 2.34-fold higher risk of developing LS compared to those without depression
(95% CI: 1.85-3.12, P < 0.001), as shown in Table 2.

Mediating Effect of Depression Between Sleep Disturbances and LS in Geriatric
Cancer Patients
Results in Table 2 indicate that, after adjusting for relevant variables, sleep disturbances and depression remained
significantly associated with LS. LS was assessed using the GLFS-25, sleep disturbance with the PSQI, and depression
with the PHQ-9. Spearman correlation analysis of GLFS-25, PSQI, and PHQ-9 scores revealed significant correlations
among sleep disturbances, depression, and LS (P < 0.001). Correlation results are shown in Table 3.

After standardizing the self-reported PSQI, PHQ-9, and GLFS-25 scores, these were treated as the independent variable
(X), mediating variable (M), and dependent variable (Y), respectively. The Bootstrap method was employed to examine the

Table 2 Multivariate Logistic Regression Analysis of Sleep
Disturbances and Depression with LS

Variables LS

OR | 95% CI P

Sleep Status (With normal as reference)
Mild sleep disturbance 1.42 | 1.23~1.67 | 0.001
Moderate-to-severe sleep disturbance 1.81 | 1.31~2.45 | <0.001
Depression (With none as reference)
Yes 2.34 | 1.85~3.12 | <0.001

Note: The model adjusted for age, marital status, place of residence, educational
attainment, exercise habits, coronary heart disease, and cerebrovascular disease.

Table 3 Correlation Analysis for Sleep
Disturbances, Depression, and LS (, n=584)

Variables | PSQI | PHQ-9 | GLFS-25

PSQI | -
PHQ-9 0.125% | -
GLFS-25 0.162*% | 0.189* |

Note: *: P<0.001.
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Depression
M)
0.132 (0.113~0.164) 0.021 (0.015~0.027>
P<0.001 P<0.001
Sleep Locomotive
Disturbance Syndrome
X) (Y)

Direct effect: 0.138 (0.118~0.162), P<0.001
Total effect: 0.171 (0.143~0.193), P<0.001

Figure 3 Mediating Effect of Depression on the Relationship between Sleep Disturbances and LS.

mediating effect: Model 1: Regression analysis of the independent variable (X) on the dependent variable (Y); Model 2:
Regression analysis of the independent variable (X) on the mediating variable (M); Model 3: Hierarchical regression
analysis of the independent variable (X) and mediating variable (M) on the dependent variable (Y) (first-level X, second-
level M). Results indicated that the effect of sleep disturbances on depression was 0.132 (95% CI: 0.113-0.164, P <0.001).
The total effect of sleep disturbances on LS was 0.171 (95% CI: 0.143-0.193, P <0.001), with a direct effect of 0.138 (95%
CI: 0.118-0.162, P < 0.001) and an indirect effect of 0.043 (95% CI: 0.032-0.055, P < 0.001). The mediation rate of
depression was 21.15% (0.043/0.171 x 100%; Figure 3).

Discussion

Sleep disturbances and motor dysfunction commonly result from neurodegenerative processes in the aging brain.?® This
study found significant positive correlations among sleep disturbances, depression, and LS. The findings indicate that
sleep disturbances and depression are risk factors for LS. Compared to individuals without sleep disturbances, those with
mild and moderate-to-severe sleep disturbances had a 42% and 81% increased risk of LS, respectively. Compared to
individuals without depression, those with depression had a 134% increased risk of LS (OR = 2.34). Poor sleep quality
may be associated with disruptions in circadian rhythms, hormonal imbalances, impaired immune function, muscle and
protein breakdown, and diminished motor function.”’*® Depression may be associated with reduced activity levels,
decreased social engagement, impaired mobility, and diminished social interactions. Depressive symptoms often involve
negative emotions, which may cause reduced appetite, weight loss, malnutrition, lower physical activity levels, and
increased risk of falls, all contributing to impaired physical function.”*=*® For geriatric cancer patients, improving sleep
and addressing depression can potentially enhance their quality of life.

In epidemiological research, pathways linking exposure (sleep disturbances) to outcomes (LS) need clarification to
determine the overall impact. This impact includes direct effects of exposure and indirect effects mediated by an
intermediate variable (depression). Together, these effects constitute the total impact of exposure on outcomes.
Correlation analysis in this study revealed significant associations among depression, sleep disturbances, and LS. With
depression as the mediating variable and after controlling for covariates, depression partially mediated the relationship
between sleep disturbances and LS, accounting for 21.15% of the total effect. This suggests that sleep disturbances not
only directly increase LS incidence but also indirectly predict LS through depression, consistent with other studies. Good
sleep quality is essential for maintaining physical health and enhancing quality of life. Poor sleep quality may be
associated with weakened immune function, depressive moods, reduced appetite, weight loss, diminished physical
activity, impaired motor function, and ultimately frailty.*’
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Due to physiological changes, multiple comorbidities, and associated complications, most geriatric cancer patients
experience a decline in sleep quality.31 Although few studies have explored the mediating role of depression between sleep
disturbances and long-term symptoms, Alison’s research suggested that regular mental health screening may benefit patients’
overall physical well-being.** Improving sleep disturbances thus not only directly affects LS but also indirectly improves it by
alleviating depression. As sleep quality significantly influences locomotor function, enhancing sleep quality in geriatric cancer
patients may serve as an important component of preventive and interventional strategies for locomotor dysfunction disorders.
For patients whose sleep quality does not improve, multifaceted education, brief cognitive behavioral therapy, and peer-
participatory care may relieve depressive symptoms. Understanding how poor sleep quality impacts long-term sequelae (LS)
may help reduce LS incidence and improve long-term rehabilitation outcomes.*

The findings of this study provide important directions for future research. First, multicenter prospective cohort
studies are needed to validate the stability of depression’s mediating role between sleep disturbance and locomotive
syndrome and to explore the causal temporal relationships among these variables. Second, interventional studies could be
designed based on our findings, such as comparing the effects of sleep improvement alone, depression relief alone, and
combined interventions on preventing or delaying motor function decline in geriatric cancer patients. Furthermore, future
studies could incorporate objective measures (eg., activity monitoring devices, inflammatory markers) to further elucidate
the biological mechanisms linking sleep, mood, and motor function.

Limitations

This study has several limitations. First, data of this study were collected through a single-center, cross-sectional survey.
Future research should validate these findings using larger, multicenter samples. Second, patients undergoing active
antitumor therapy at our institution generally had relatively good health and self-care abilities. Therefore, patients who
were severely ill or unable to care for themselves were not included. It should be emphasized that, due to the cross-
sectional design of this study, although significant associations and a mediating pathway among sleep disturbance,
depression, and locomotive syndrome were identified, causal relationships cannot be inferred. Sleep disturbance and
depression may mutually influence each other and jointly affect motor function; conversely, declines in motor function
may exacerbate sleep disturbance and depressive symptoms. Future studies employing longitudinal designs are warranted
to further validate the temporal relationships and causal directions among these variables. Future studies should include
larger sample sizes with diverse levels of ADL and employ cohort designs to clarify causal relationships among
depression, sleep disturbances, and LS in geriatric cancer patients.

Conclusion

In this cross-sectional study, depression, sleep disturbance, and locomotive syndrome were found to be closely associated
among geriatric cancer patients. Sleep disturbance was directly and indirectly associated with LS through depression.
These findings underscore the importance of integrated screening for both sleep disturbance and depressive symptoms in
geriatric cancer patients, as addressing these interconnected factors may more effectively prevent or delay the onset of
locomotive syndrome. For patients whose sleep quality cannot be readily improved, targeted interventions to alleviate
depressive symptoms—such as brief cognitive behavioral therapy or peer-support programs—may offer an alternative
pathway to reduce the risk of motor function decline. Healthcare providers should therefore pay close attention to both
sleep disturbances and depression in this population. Future research should employ longitudinal designs to confirm
causal relationships and evaluate the effectiveness of integrated intervention strategies.

Data Sharing Statement

Informed consent was obtained from all participants, which permitted the use of their deidentified data for this study and
for associated data sharing purposes. Although the data will not be made publicly or unconditionally available, reason-
able requests may be directed to the corresponding author Yu-Ling Yang and Hui Su to discuss the possibility of data
access, subject to compliance with relevant ethical and institutional policies. This arrangement will remain in place
indefinitely following publication.
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