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Objective: To examine the associations among sleep quality, self-efficacy, depressive symptoms, and cognitive function in older
adults, and to explore whether self-efficacy may be involved in the association between sleep quality and cognitive function and
whether depressive symptoms may moderate this association.

Methods: A cross-sectional survey was conducted among 2,030 older adults in Ningxia, China. Sleep quality, cognitive function, self-
efficacy, and depressive symptoms were assessed using validated instruments. After adjusting for age, gender, marital status, education
level, residence, smoking and drinking status, living alone, exercise, hypertension, diabetes, and coronary heart disease, mediation and
moderated mediation analyses were performed using the PROCESS macro.

Results: Significant correlations were observed among sleep quality, self-efficacy, depressive symptoms, and cognitive function. Self-
efficacy showed a significant indirect effect in the association between sleep quality and cognitive function (B = —0.034, 95% CI:
—0.048 to —0.022). In addition, depressive symptoms significantly moderated the association between self-efficacy and cognitive
function (B = 0.009, p < 0.01). The magnitude of the indirect association between sleep quality and cognitive function through self-
efficacy was stronger at higher levels of depressive symptoms.

Conclusion: Poor sleep quality was associated with poorer cognitive function in older adults, and self-efficacy may be involved in
this association. Depressive symptoms may further strengthen this indirect association. These findings suggest that sleep quality, self-
efficacy, and depressive symptoms may all be relevant to cognitive health among older adults.

Plain Language Summary: Memory and thinking problems become more common with age. Poor sleep is also common in older
adults and may be linked to worse brain health. However, less is known about the emotional and psychological factors that may be
involved in this relationship. We carried out this study to better understand how sleep quality, confidence in handling daily challenges,
and depressive symptoms are related to cognitive function in older adults.

We studied 2,030 older adults in Ningxia, China. We collected information on their sleep quality, depressive symptoms, and self-
efficacy, which refers to a person’s confidence in managing problems and daily tasks. We also assessed cognitive function, including
memory and other thinking abilities. We then examined how these factors were related to one another.

We found that older adults with poorer sleep quality tended to have lower cognitive function. Poorer sleep was also linked to lower
self-efficacy, and lower self-efficacy was linked to poorer cognitive function. In addition, depressive symptoms were related to
a stronger negative relationship between self-efficacy and cognitive function.

These findings suggest that sleep, mood, and confidence in daily self-management may all be important for cognitive health in older
adults. This does not prove cause and effect, but it highlights several factors that may be useful for future prevention and support.
Efforts to improve sleep and support emotional well-being may help promote healthy cognitive aging.
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Introduction

Cognitive impairment, including mild cognitive impairment (MCI) and dementia, is common among older adults.
According to the World Health Organization (WHO), approximately 57 million people worldwide were living with
dementia in 2021, with nearly 10 million new cases occurring each year. WHO further projects that the global number of
people with dementia will reach around 78 million by 2030 and 139 million by 2050." As population aging accelerates
worldwide, the burden of dementia continues to increase, placing growing pressure on healthcare systems, particularly in
the provision of long-term care and dementia-related services.' In China, the burden of Alzheimer’s disease and related
dementias, as well as mild cognitive impairment, is especially high among adults aged 60 years and older,” with the rates
increasing significantly for those aged 65 and older.” Previous studies have shown that, among Chinese adults aged 60
years and older, the prevalence of dementia is approximately 6.0%, affecting about 15.07 million people, while the
prevalence of MCI is about 15.5%, affecting approximately 38.77 million people.* Despite this growing burden, effective
treatments and disease-specific medications for neurodegenerative disorders remain limited.” Therefore, identifying
modifiable factors associated with cognitive function is essential for delaying cognitive decline and promoting healthy
aging.

In recent years, sleep quality has emerged as an important factor associated with cognitive function and has received
increasing attention from researchers.®’ Sleep disturbances are common among older adults, with reports suggesting that
up to 41% of individuals aged 60 years and older experience sleep-related problems.® A recent review of systematic
reviews and meta-analyses indicated that sleep disturbances have a significant negative impact on cognitive function.’
Consistent with this evidence, epidemiological and clinical studies have shown that poor sleep quality is closely
associated with cognitive impairment and may represent both an early indicator and a potential risk factor for cognitive
decline in later life.'"®'® Several biological mechanisms may underlie this association, including plasma AP accumula-
tion, inflammation, abnormal function of the suprachiasmatic nucleus in the anterior hypothalamus, altered melatonin
secretion, and dysregulation of neuronal cAMP and GABA signaling pathways.!' However, compared with the growing
evidence on biological mechanisms, relatively limited research has examined the psychological pathways through which
sleep quality may be associated with cognitive impairment.

Self-efficacy may represent one such psychological pathway. Self-efficacy refers to an individual’s belief in their
ability to achieve specific goals or desired outcomes."* As an important psychological resource, it has been linked to
health-related behaviors and adaptation to challenges.'> Previous studies suggest that higher self-efficacy is associated
with better sleep-related self-management and healthier sleep patterns.'®!'” In addition, self-efficacy has been identified
as an important predictor of cognitive abilities and behaviors.'®'? Taken together, these findings suggest that self-efficacy
may be associated with both sleep quality and cognitive function, and may therefore represent a potential psychological
pathway linking the two.

Depression may be another important factor within this pathway. Depression is common among older adults and is
closely associated with self-efficacy. Blazer proposed that self-efficacy can be enhanced through successfully addressing
and overcoming specific challenges, such as depression.”’ Consistent with this view, self-efficacy has been found to be
negatively associated with depressive symptoms.?'** Moreover, numerous longitudinal studies and substantial experi-
mental evidence have shown that depressive symptoms are closely linked to cognitive decline.”> > A previous cross-
sectional study also reported a significant interaction among self-efficacy, depressive symptoms, and cognitive function
in older adults.”® However, few studies have examined whether depressive symptoms may moderate the association
between self-efficacy and cognitive impairment.

Based on the existing literature, we constructed a moderated mediation model to examine the relationships among
sleep quality, self-efficacy, depressive symptoms, and cognitive function (Figure 1). Specifically, we proposed the
following hypotheses:

Hypothesis 1. Self-efficacy is expected to mediate the relationship between sleep quality and cognitive function.
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Figure | Proposed moderated mediation model. Self-efficacy M was hypothesized to mediate the association between sleep quality X and cognitive function Y, while
depressive symptoms W were hypothesized to moderate the association between self-efficacy and cognitive function. The black solid line indicates the direct path, the red
solid lines indicate the mediation paths, and the blue dashed line indicates the moderating effect.

Hypothesis 2 posits that the association between self-efficacy and cognitive function is moderated by depressive
symptoms.

Hypothesis 3. Depressive symptoms moderate the mediating effect of self-efficacy in the relationship between sleep
quality and cognitive function.

Methods
Study Participants

To ensure accessibility and feasibility,’ this study utilized convenience cluster sampling in three representative aging
population regions of the Ningxia Hui Autonomous Region: Litong, Xingqing, and Dawukou. However, because the
nonrandom sampling, the sample may not be fully representative of the general older adult population, and selection bias
cannot be ruled out.?®*2° The inclusion criteria were: 1) permanent residency in Ningxia, 2) age 60 years or older, and 3)
consent to participate. The exclusion criteria were: 1) with visual or hearing impairment that prevented effective
communication during the interview; and 2) with serious medical conditions that substantially limited participation in
the survey or completion of the assessment. A total of 2,681 older adults were initially recruited. After excluding 148
participants without demographic information, 283 with missing data on sleep quality, 167 with missing data on
cognitive function, and 53 with missing data on depressive symptoms, 2,030 participants were included in the final
analysis (Figure 2).

The study was approved by the Institutional Review Board of Ningxia Medical University (Approval No. 2018115). It
was conducted in accordance with the 1964 Helsinki Declaration and its later amendments, or comparable ethical
standards. All participants provided written informed consent before the survey.

Transparency and Openness
All relevant data are included in the paper. The SPSS code used for analysis can be provided upon request. The study
design, hypotheses, and analysis plan were not pre-registered.

Cognitive Function

Cognitive function was assessed using the Chinese Mini-Mental Status (CMMS), which is widely used to identify
cognitive deficits in Chinese populations.®® The assessment was conducted through face-to-face interviews, and all
questions were answered directly by the participants. The CMMS includes 24 items covering orientation, registration,
attention, memory, language, and visual construction skills. Total scores range from 0 to 30, with higher scores indicating
better cognitive function. Cognitive impairment was identified using education-specific CMMS cut-off points: <17 for
participants with no formal education, <20 for those with primary school education (=6 years), and <24 for those with
junior high school education or higher (>9 years).>' Education-specific cut-off points were used because cognitive
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Figure 2 Sample selection flowchart.

screening scores are influenced by educational attainment, especially among older Chinese adults with limited formal

education. This approach has been supported in previous studies of Chinese older populations.*®>2

Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality. It includes 19 items covering seven
components: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep
medication, and daytime dysfunction.>® Each component is scored from 0 to 3, with a total score ranging from 0 to 21;
higher scores indicate poorer sleep quality.>* The PSQI has been widely used and validated in Chinese older adults.

Self-Efficacy

Self-efficacy was assessed using the General Self-Efficacy (GSE) Scale.>> The GSE consists of 10 items rated on
a 4-point scale from 1 (“not at all true”) to 4 (“exactly true”), with total scores ranging from 10 to 40; higher scores
indicate greater self-efficacy.*® The GSE has been widely used in Chinese populations and showed good reliability in the
present study (Cronbach’s o = 0.94).

Depressive Symptoms

Depressive symptoms were assessed using the 9-item Patient Health Questionnaire (PHQ-9).?” Participants rated how often
they had experienced depressive symptoms during the previous two weeks on a 4-point scale from 0 (“not at all”’) to 3
(“every day”), yielding a total score ranging from 0 to 27; higher scores indicate greater depressive symptoms.*® The PHQ-
9 has shown good reliability and validity in older Chinese adults, and the Cronbach’s o in the present study was 0.88.*°

Covariates

In the analysis, participants’ sociodemographic characteristics, health-related behaviors, and chronic diseases that may be
associated with sleep quality, depressive symptoms, self-efficacy, and cognitive function in older adults were included as
covariates. Sociodemographic variables included age (calculated based on the participants’ reported date of birth and the
date of data collection, and entered into the models as a continuous variable), gender (male or female), residence (urban
or rural), education level (categorized as under primary school, primary school, junior high school, senior high school,
and above), and marital status (married or unmarried, with the latter including divorced, widowed, or never married).
Health-related behaviors included smoking, drinking, living alone (yes or no), and moderate-intensity exercise. Smoking
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status was determined by whether participants had ever smoked 100 cigarettes (yes or no). Drinking frequency was
categorized as never, once a month, 2—4 times a month, 2-3 times a week, and more than 4 times a week. Moderate-
intensity exercise was assessed by asking participants whether they engaged in such activities weekly. For chronic
diseases, participants were asked whether they had ever been formally diagnosed with hypertension, diabetes, or
coronary heart disease by a registered physician at a hospital above the county level, and were categorized according

to their responses (yes or no).

Statistical Analysis
Data analysis was conducted using the Statistical Package for the Social Sciences (SPSS) version 26.0 (SPSS Inc., Chicago,
Ilinois) and R (version 4.3.2; R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org/).

Continuous variables are presented as means and standard deviations (SDs), whereas categorical variables are presented
as percentages. The chi-square test and independent-samples #-test were used to examine differences across covariates.
Correlation analyses were conducted to examine the relationships among cognitive function, sleep quality, self-efficacy,
and depressive symptoms.

The mediation and moderated mediation models were analyzed using the PROCESS macro developed by Hayes.*’
First, Model 4 was used to examine whether self-efficacy showed an indirect effect in the association between sleep
quality and cognitive function. Next, Model 14 was used to test whether depressive symptoms moderated the second
stage of this indirect pathway, namely the association between self-efficacy and cognitive function.*' Bias-corrected
percentile bootstrap confidence intervals were estimated based on 5,000 resamples.

Simple slope analysis was conducted to further probe the interaction between self-efficacy and depressive symptoms
in predicting cognitive function. Covariates included age, gender, marital status, education level, residence, smoking
status, drinking status, living alone, exercise, hypertension, diabetes, and coronary heart disease. A two-sided p-value <
0.05 was considered statistically significant.

Results

Characteristics of the Participants

Among the 2,030 participants (922 men and 1,108 women), 310 (15.3%) individuals were found to have cognitive
impairment; females have a higher prevalence (21.1%) than males (8.2%). As shown in Table 1, those with cognitive
impairment were generally older, more likely to be female, had lower education levels, engaged in less physical activity,

lived in rural areas, and had a higher prevalence of coronary heart disease.

Table 1 Characteristics of Study Participants Stratified by Cognitive Status

Variables Total Cognitive No Cognitive 1t p
(n=2030) Impairment (n=310) | Impairment (n=1720)

Age, mean (SD), years 71.7(5.7) 72.5(5.7) 71.6(5.7) 2.55 0.011
Gender; male, n (%) 922(45.4) 76(24.5) 846(49.2) 64.83 <0.001
Marital status, Married, n (%) 1645(81.0) | 241(77.7) 1404(81.6) 3.89 0.273
Education level, n (%) 155.83 | <0.001

Under primary school 997(49.1) 247(79.7) 750(43.6)

Primary school 455 (22.4) 24(7.7) 431(25.1)

Junior high school 370(18.2) 14(4.5) 356(20.7)

Senior high school and above 208(10.3) 25(8.1) 183(10.6)
Residence, urban, n (%) 1052(51.8) 114(36.8) 938(54.5) 33.18 <0.001
Smoking status, yes, n (%) 287(14.1) 18(5.8) 269(15.6) 20.92 <0.001

(Continued)
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Table | (Continued).

Variables Total Cognitive No Cognitive x2It P
(n=2030) Impairment (n=310) | Impairment (n=1720)

Drinking frequency, n (%) 15.53 0.008

Never 1845(90.9) | 300(96.8) 1545(89.8)

Once a month 78(3.8) 5(1.6) 73(4.2)

2—4 times a month 31(1.5) 1(0.3) 30(1.7)

2-3 times a week 24(1.2) 1(0.3) 22(1.3)

More than 4 times a week 52(2.6) 3(1.0) 50(3.0)
Living alone, yes, n (%) 258(12.7) 41(13.2) 217(12.6) 0.09 0.767
Moderate intensity exercise, n (%) 25.70 <0.001

Never 755(37.2) 137(44.2) 618(35.9)

1-2 times a week 212(10.4) 23(7.4) 189(11.0)

3—4 times a week 219(10.8) 38(12.3) 181(10.5)

5-6 times a week 249(12.3) 15(4.8) 234(13.6)

More than 7 times a week 595(29.3) 97(31.3) 498(29.0)
Hypertension, yes, n (%) 1022(50.3) | 167(53.9) 855(49.7) 2.15 0.143
Diabetes mellitus, yes, n (%) 356(17.5) 49(15.8) 307(17.8) 0.68 0.409
Coronary heart disease, yes, n (%) | 454(22.4) 84(27.1) 370(21.5) 5.03 0.025
PSQI score, mean (SD), points 9.3(3.5) 10.9(3.7) 8.9(3.4) 8.84 <0.001
PHQ score, mean (SD), points 4.8(4.7) 7.1(5.7) 4.4(4.4) 9.20 <0.001
Self-efficacy, mean (SD), points 25.7(6.7) 23.2(6.5) 26.1(6.7) -7.03 <0.001

Note: Group differences were tested using the chi-square test for categorical variables and the independent-samples t-test for continuous variables.
Abbreviations: SD, standard deviation; PSQI, Pittsburgh Sleep Quality Index; PHQ, Patient Health Questionnaire.

Correlations Among Sleep Quality, Self-Efficacy, Depressive Symptoms, and Cognitive
Function

Bivariate Pearson correlations among the main variables are presented in Table 2. Higher PSQI scores were correlated
with lower self-efficacy (r = —0.219, p < 0.001) and lower cognitive function (r = —0.299, p < 0.001), and with higher
depressive symptoms (r = 0.497, p < 0.001). Self-efficacy was correlated with lower depressive symptoms (r = —0.296,
p < 0.001) and higher cognitive function (r = 0.274, p < 0.001). Depressive symptoms were correlated with lower
cognitive function (r = —0.267, p < 0.001). These findings supported examination of the proposed moderated mediation
model.

Indirect Effect of Self-Efficacy in the Association Between Sleep Quality and Cognitive

Function
As shown in Table 3, poorer sleep quality was significantly associated with lower cognitive function (B = —0.230, 95%
CI: —0.281 to —0.179), and a significant indirect effect through self-efficacy was observed (B = —0.034, 95% CI: —0.048

Table 2 Correlations for the Main Variables

Variables Mean (SD) | PSQI Self-efficacy | PHQ CMMS
PSQI 9.3(3.5) |

Self-efficacy 25.7(6.7) —0.219%* | |

PHQ 4.8 (4.7) 0.497*%¢ | —0.296** |

Cognitive function | 23.2 (4.9) —0.299%* | 0.274** —0.267%* | |

Note: ** p < 0.01. Pearson correlation coefficients are presented.
Abbreviations: SD, standard deviation; PSQI, Pittsburgh Sleep Quality Index; PHQ, Patient Health
Questionnaire; CMMS, Chinese Mini Mental Status.
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Table 3 Testing the Mediating Effect of Sleep Quality on Cognitive Function

B B SE LLCI ULCI | Proportion (%)

Total effect —0.264 | —0.185 | 0.026 | —0.315 | —0.212
Direct effect | —0.230 | —0.160 | 0.026 | —0.281 | —0.179 | 87.12
Indirect effect | —0.034 | —0.005 | 0.006 | —0.048 | —0.022 | 12.88

Notes: The analysis controlled for several covariates, including age, gender, marital status, educa-
tional level, residence, smoking status, drinking status, living alone, moderate-intensity exercise,
hypertension, diabetes mellitus, and coronary heart disease.

Abbreviations: B, unstandardized coefficients; SE, the standard error; LLCI, lower limit confidence
interval; ULCI, upper limit confidence interval;

Table 4 Testing the Moderated Mediating Effect of Depressive Symptoms on Cognitive Function by Sleep Quality and Self-Efficacy

Self-Efficacy Cognitive Function

B B SE p LLCI | ULCI B B SE p LLCI | ULCI
Sleep quality (X) —0.328 | —0.172 | 0.043 | <0.001 | —0.412 | —0.244 | —0.182 | —0.126 | 0.029 | <0.00l | —0.239 | —0.125
Self-efficacy (M) - - - - - 0.048 0.129 | 0.018 | <0.05 | 0.011I 0.084
Depressive symptoms (W) | - - - - - —0.292 | —0.068 | 0.062 | <0.001 | —0.414 | —0.170
M*W - - - - - 0.009 0.073 | 0.002 | <0.0l 0.004 0.013
R? 0.09 0.38
F 14.98 76.01

Notes: The analysis controlled for several covariates, including age, gender, marital status, educational level, residence, smoking status, drinking status, living alone,
moderate-intensity exercise, hypertension, diabetes mellitus, and coronary heart disease.

Abbreviations: B, unstandardized coefficients; f, standardized coefficients; SE, the standard error; LLCI, lower limit confidence interval; ULCI, upper limit confidence
interval;

to —0.022), accounting for 12.88% of the total effect. These findings suggest that self-efficacy may be involved in the
association between sleep quality and cognitive function.

Moderated Mediation Effects of Sleep Quality on Cognitive Function

Model 14 of the PROCESS macro was used to examine the proposed moderated mediation model with relevant
covariates controlled. In this model, depressive symptoms were specified as a moderator of the second stage of the
indirect pathway, namely the association between self-efficacy and cognitive function. As shown in Table 4 and Figure 3,
sleep quality was significantly associated with both self-efficacy (B = —0.328, p < 0.001) and cognitive function (B =
—0.182, p < 0.001). Self-efficacy was also significantly associated with cognitive function (B = 0.048, p < 0.05), and this
association was significantly moderated by depressive symptoms (B = 0.009, p < 0.01).

Depressive
symptoms(W)

Self-efficacy(M)

/’,’ LQ'Q\\

. -7 QQJ)

Cognitive
function(Y)

Sleep quality(X)

(B=-0.182, p < 0.001)

Figure 3 Moderated mediation model The values shown in the figure are unstandardized regression coefficients (B) derived from the moderated mediation model after
adjustment for covariates. The black solid line indicates the direct path, the red solid lines indicate the mediation paths, and the blue dashed line indicates the moderating
effect.

Clinical Interventions in Aging 2026:21 hetps: 7



Wang et al

Table 5 Conditional Indirect Effects of Self-Efficacy on Cognitive
Function by Depressive Symptoms and Moderated Mediation

Depressive Symptoms B B SE LLCI | ULCI
Low (Mean-1SD) —0.016 | —0.011 | 0.006 | —0.028 | —0.004
Moderate (Mean) —0.029 | —0.023 | 0.006 | —0.042 | —0.018
High (Mean+1SD) —0.042 | —0.032 | 0.010 | —0.064 | —0.025
Moderated mediation —0.003 | —0.011 | 0.001 | —0.006 | —0.00I

Notes: The analysis controlled for several covariates, including age, gender, marital status,
educational level, residence, smoking status, drinking status, living alone, moderate-
intensity exercise, hypertension, diabetes mellitus, and coronary heart disease.
Abbreviations: B, unstandardized coefficients; P, standardized coefficients; SE, the
standard error of indirect effects estimated; LLCI, lower limit confidence interval; ULCI,
upper limit confidence interval;

As shown in Table 5, the conditional indirect association between sleep quality and cognitive function through self-
efficacy varied across levels of depressive symptoms. Specifically, the conditional indirect effect was weaker at lower
levels of depressive symptoms (B =—0.016, 95% CI: —0.028 to —0.004) and stronger at higher levels (B = —0.042, 95%
CI: —0.064 to —0.025). Figure 4 presents the simple slopes for the interaction between self-efficacy and depressive

symptoms in predicting cognitive function.

Discussion

The present study suggests that self-efficacy may be involved in the association between sleep quality and cognitive
function, and that depressive symptoms may be related to variation in this association. These findings highlight the
potential relevance of psychological and sleep-related factors to cognitive health in older adults.

Previous studies have separately reported associations among sleep quality, self-efficacy, depressive symptoms, and
cognitive function.*** However, relatively few studies, especially in Chinese older adults, have examined these factors
simultaneously within a single analytical framework. Against this background, the present study provides a more
integrated perspective by examining sleep quality, self-efficacy, depressive symptoms, and cognitive function within
one moderated mediation framework. The findings were broadly consistent with our first hypothesis and suggest that self-
efficacy may be a psychological factor contributing to the association between sleep quality and cognitive impairment.
This interpretation is in line with previous research suggesting that self-efficacy may be relevant to cognitive health in
older adults.*® Several mechanisms may help explain these observed associations. For example, poorer sleep quality may
be associated with reduced physical performance and limited social support, which, in turn, may be related to lower self-
efficacy.*’*® Self-efficacy may also be associated with cognitive function through differences in coping responses and

A0 ~8— Low PHQ(M - 1 SD)
High PHQ(M + 1 SD)
2
3 22,00
2 ./.
b=
=
© 20,00
18.00—
| ]
Low self-efficacy High self-efficacy
Figure 4 Simple Slopes of Depressive Symptoms.The blue solid line represents low depressive symptoms (Mean — | SD), and the Orange dashed line represents high

depressive symptoms (Mean + | SD).
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behavioral choices.*” Common stressors may be related to sleep quality, self-efficacy, and cognitive function, and may
partly contribute to the observed associations among these factors.

The findings were broadly consistent with our second and third hypotheses, suggesting that poorer sleep quality was
associated with poorer cognitive function, with self-efficacy potentially involved in this association, and that the
association between self-efficacy and cognitive function varied according to the level of depressive symptoms.>
However, the observed indirect and moderated effects were relatively modest, and their practical or clinical relevance
should therefore be interpreted with caution. Previous research has also reported interactions involving self-efficacy and
depressive symptoms.2® Our findings further suggest that social and psychological factors may be relevant considerations
in future research on cognitive health in older adults. The conceptual contribution of the present study lies in linking
these variables within a single conditional process model in a sample of Chinese older adults, thereby extending the
current literature beyond conventional bivariate or simple mediation approaches.

Depressive symptoms may be related to variation in the indirect association between sleep quality and cognitive
function through self-efficacy. Several mechanisms may help explain this observed pattern. Given the relatively small
effect sizes, these findings may have limited immediate clinical applicability, although they still provide useful directions
for future research. Previous studies suggest that depressive symptoms may be associated with dementia-related
pathology, including vascular damage, activation of the stress hormone pathway, reductions in brain-derived neurotrophic
factor and serotonin levels,”" and the decreased amygdala functional connectivity.”* Depressive symptoms in older adults
have been associated with poorer cognitive outcomes, and social activities may be relevant to this relationship. Social
interactions may be important for mental health and cognitive function in aging populations and may help buffer the
association between depressive symptoms and poorer well-being.® Better mental health may be associated with more
favorable cognitive outcomes in older adults. These findings may have implications for future intervention development,
suggesting that both psychological and physical factors could be considered when designing strategies to support
cognitive health in older adults.

Limitations

This study contributes to understanding the associations among sleep quality, self-efficacy, depressive symptoms, and
cognitive function through a moderated mediation framework, which may inform future research. However, several
limitations should be acknowledged. First, because this study used a cross-sectional design, causal inferences cannot be
made and the temporal direction of the observed associations cannot be determined. Bidirectional relationships among
sleep quality, self-efficacy, depressive symptoms, and cognitive function are possible. Second, all key variables were
assessed using self-reported measures, which may be subject to recall bias and common method variance. Third, although
multiple covariates were controlled for, residual confounding from unmeasured factors cannot be ruled out. Finally,
because the sample was drawn from a specific population in Ningxia using convenience cluster sampling, the general-
izability of the findings to other older adult populations may be limited.

Conclusion

Poor sleep quality was associated with poorer cognitive function in older adults, and self-efficacy may be involved in this
association. Depressive symptoms may strengthen the indirect association between sleep quality and cognitive function
through self-efficacy. These findings suggest that sleep quality, self-efficacy, and depressive symptoms may be relevant
factors to consider in future research and intervention development aimed at promoting cognitive health in older adults.
However, because the present study was cross-sectional and observational, the causal relationships remain unclear.

Abbreviations
CMMS, Chinese Mini Mental Status; PSQI, Pittsburgh Sleep Quality Index; GSE, General Self-Efficacy; PHQ, Patient
Health Questionnaire.
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