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Depressive symptoms 
mediate the longitudinal 
relationships between sleep 
quality and cognitive functions 
among older adults with mild 
cognitive impairment: 
A cross‑lagged modeling analysis
Jiayu Wang 1,2, Shulin Chen 2* & Jiang Xue 3*

Although it is generally recognized that sleep quality, depressive symptoms, and cognitive functions 
are related respectively, the main ambiguity comes from difficulties in determining their cause‑effect 
relationships. The present study aimed to explore the longitudinal causation relationships among 
sleep quality, depressive symptoms, and cognitive functions in older people with mild cognitive 
impairment (MCI). A total of 134 patients from 24 communities in Ningbo City, Zhejiang Province, 
China with MCI were interviewed at baseline, while 124 of them were re‑interviewed 2 months later, 
and 122 were re‑interviewed 4 months later. The Patient Health Questionnaire‑9, the Pittsburgh 
Sleep Quality Index and the Montreal Cognitive Assessment Scale were assessed in the interview. 
Cross‑lagged models were tested to disentangle the relationships among sleep quality, depressive 
symptoms, and cognitive functions using structural equation modeling with latent variables on the 
four‑mouth longitudinal data. The correlation coefficients between sleep quality and depressive 
symptoms were significant showing the stability across time points of assessment, while the 
correlation coefficient of cognitive function was not significant (r = 0.159, p > 0.05). The results of 
index of model fit indicated that the cross‑lagged model was acceptable (CFI = 0.934, TLI = 0.899, 
RMSEA = 0.075, χ2/df = 1.684). The results of cross‑lagged model analysis supported the complete 
mediating role of depressive symptoms in the association between sleep quality and cognitive 
functions, where worse sleep quality may lead to more severe depressive symptoms, which in turn 
leads to more severe cognitive decline. In Conclusion, sleep quality is significantly correlated with 
cognitive functions in patients with mild cognitive impairment, which association is fully mediated 
by depressive symptoms. Approaches addressing sleep quality and depressive symptoms are 
recommended and hold promise for the management of mild cognitive impairment.

Keywords Mild cognitive impairment, Sleep quality, Depressive symptoms, Follow-up study, Cross-lagged 
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With the rapid process of population aging, age-related diseases are becoming more and more prevalent. Demen-
tia, as the most important kind of senile disease, has become the fourth major chronic disease threatening 
the health of the  elderly1. According to the World Health Organization (WHO), there are currently about 50 
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million people in the world with dementia, and nearly 60% of them live in low—and middle-income countries. 
Epidemiological data show that the proportion of dementia has risen to 6.4% in the aging population, and it is 
expected that by 2040, the number of patients with dementia in China (about 24 million) will be equal to the 
whole population with dementia in all developed  countries2. However, the lack of resources and approaches for 
dementia care and treatment remain challenges in China, and all over the world.

Mild cognitive impairment is defined as the early stage of dementia, which is manifested as impairment in 
one or more cognitive domains but does not meet the clinical diagnosis criteria of  dementia3,4. As mild cognitive 
impairment is a transitional state between normal aging and dementia, people in this stage reserve a variety of 
possible outcomes, including remain stable or get better, or further progress into  dementia5. A follow-up study 
at the Mayo Clinic Alzheimer’s Center found that the conversion rate for dementia was only 1% to 2% per year 
in healthy controls, while the conversion rate for mild cognitive impairment was about 10% to 15% per  year6,7. 
It highlights the urgent need of developing effective interventions to slow or prevent the progression from mild 
cognitive impairment to dementia, and identifying risk factors that contribute to the conversion to dementia 
may provide ideas for dementia prevention and intervention.

Studies have found that sleep disorders may be important risk factors for cognitive  impairment8–10. Although 
sleep changes often occur in normal aging process, they are more common in people with mild cognitive impair-
ment, including the changes in sleep latency, sleep efficiency, and  duration11. Research evidence shows that many 
mild cognitive impairment patients are affected by sleep disorders, and the prevalence ranges from 35 to 48%12. In 
addition, the prevalence of sleep disorders generally increases with the progression of cognitive disorders. Studies 
have pointed out that the prevalence of sleep disorders in patients with mild to moderate Alzheimer’s disease is 
25%13,14, while about 50% of patients with moderate to severe Alzheimer’s disease are affected by sleep  disorders13.

Moreover, the progression of cognitive decline has been observed to be significantly correlated with poorer 
sleep  quality15. For example, a longitudinal study found that insomnia in middle age (OR = 1.24, 95% CI [1.02, 
1.50]) and later life (OR = 1.94, 95% CI [1.08, 3.49]) were both associated with a higher risk of  dementia16. 
Therefore, some scholars have proposed that sleep disorders may predict the risk of mild cognitive impair-
ment turning into  dementia17, with accelerating the process of cognitive impairment as a complication of mild 
cognitive  impairment18. Though a growing body of research recognize the interplay between sleep quality and 
cognitive functions, the underlying mechanisms remain unknown and need further investigation to provide 
reliable theoretical framework for intervention strategies aiming at delaying cognitive decline in patients with 
mild cognitive impairment.

To the best of our knowledge, current investigations into the relationship between sleep quality and cognition 
encompass both physiological and psychosocial factors. Physiologically, brain structures such as the precentral 
cortex, lateral orbitofrontal cortex, and  hippocampus19–21 are primarily implicated; however, further research is 
required to establish definitive connections.

Psychological factors often play important roles in the occurrence and development of aging-related diseases, 
such as such as  loneliness22,  anxiety23, and  depression24,25. Depression is the most common mental health problem 
among the elderly and is closely related to sleep  disorders26,27. Though many studies have reported the associa-
tions between sleep quality and  depression28–30, the causal link between the two variables is not clear. Tradition-
ally, sleep disorders have been considered a concomitant symptom of depression, but recent evidence argue that 
sleep disorders may precede  depression31,32. For example, a recent longitudinal cohort study showed that short 
sleep duration was associated with an increased risk of depressive symptoms in elderly Chinese  women33, and 
another study implied that sleep disorders might play as independent risk factors for depression recurrence in 
the  elderly34. Theoretically, according to the learned helplessness  model35, if individuals are constantly troubled 
and hit by insomnia, they believe that they cannot solve the problem themselves, and thus negative emotions 
were produced. Thus, we hypothesize that sleep disturbances may increase individuals’ learned helplessness, 
which may lead to more pronounced depression.

Relationships between depression and mild cognitive impairment are also well investigated. A survey showed 
that 32% of individuals with mild cognitive impairment were depressed or showed significant depressive  mood36. 
In addition to the high prevalence, research evidence shows that depression can damage the instantaneous mem-
ory and delayed recall ability of mild cognitive impairment  patients37, lead to the decline of working memory, 
episodic memory and non-velocity executive  function38, and even affect their daily function and quality of  life39. 
The Impaired Disengagement Hypothesis explains the impact of depression on cognitive  functions40: Depressive 
experiences are often accompanied by  rumination41, and individuals pay particular attention to negative stimuli, 
immersing themselves in attention resources and making it difficult to withdraw from them, thus decreasing 
executive control  ability42. Similar hypotheses have been examined recently, in which depression is supposed to 
lead to attentional control  deficits43–45, and thus impair cognitive functions.

Taken together, the associations between depression, sleep quality, and cognitive functions are complex and 
multifaceted. The main aim of the present study was to explore the longitudinal causation relationships of the 
three variables in older people with mild cognitive impairment. We assume that depressive symptoms serve as a 
partial mediator in the relationships between sleep quality and cognitive functions. We believe this work will help 
us to refine the theoretical basis for the treatment and management of mild cognitive impairment and provide 
scientifically feasible guidance for future practice.

Methods
Participants and procedure
The participants were elderly residents aged 60 and above from 24 communities in a township of Ningbo City, 
Zhejiang Province. 10 trained research assistants accessed older residents whether in the primary care clinics, 
senior citizens activity centers, or their homes, introducing the research, inviting them to participate, evaluating 
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for eligibility and making the study interview. The interview content included the participants’ demographic 
characteristics, sleep quality, depressive symptoms and cognitive functions, and it took about 30 min to complete 
the interview. Those who were screened positive for mild cognitive impairment, defined as the Montreal Cogni-
tive Assessment score ≤ 24 (+ 1 for < 6 years education)46–48 and not demented with Clinical Dementia Rating 
(CDR) <  149, in the preliminary cognitive screening procedure were invited to participate in the follow-up survey. 
Assessments were conducted at baseline (T1), two months (T2) and four months later (T3) evaluating their 
depressive symptoms, sleep quality and cognitive functions. Specially, cognitive functions were only assessed at 
T1 and T3 as the study was initially designed to explore the potential pathways related to the cognitive changes 
between two time points, T1 and T3.

The research was performed in accordance with the Declaration of Helsinki, and approved by the Ethics Com-
mittee of Ningbo Huamei Hospital (Reference No. YJ-KYSB-NBEY-2020-220-01). Written informed consent 
was obtained from all the participants.

The inclusion criteria were as follows: (i) community-dwelling residents; (ii) aged ≥ 60 years; (iii) no severe 
problems with vision, hearing, or speaking reported by the resident or informant (i.e., families) or observed by 
the research assistants; and (iv) willing to give written informed consent.

The number of individuals with mild cognitive impairment interviewed at the three time points were 134 
(T1), 124 (T2) and 122 (T3) respectively, and only data of the final 122 participants who complete all the three 
surveys were included for analysis (See Fig. 1).

Analyses of variance were conducted to determine differences between dropouts and those completed the 
questionnaires. They did not differ significantly (ps < 0.05) at socio-demographic variables, depressive symptoms, 
sleep quality and cognitive functions.

Sample size calculation
Specific recommendations were made for the sample size of structural equation model as to the number of the 
samples needed to be estimated per parameter, a common number being  1050. Given the numbers of parameters 
estimated in the hypothesis model was 12, according to the rule, the recommended minimum sample size was 
120, the sample size of 122 in this study conforms to the criteria.

Measures
Basic information
A self-designed questionnaire was utilized to gather demographic information including age, gender, educational 
background, marital status, and living conditions.

Depressive symptoms
Depressive symptoms were measured using the Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 was com-
piled by Spitzer et al.51 according to the nine diagnostic criteria of the DSM-IV (Diagnostic and Statistical Manual 
of Mental Disorders, Fourth Edition, DSM-IV), which scores each of the criteria as “0” (not at all) to “3” (nearly 
every day). A higher score indicates more severe depression. PHQ-9 has sample content and strong operability 
and has been validated for use in the elderly  population52. It is not only a screening tool for depression but it is 
used to monitor the severity of  depression53. The item on sleep quality in the PHQ-9 scale was excluded and the 
total score of the remaining 8 items was calculated to assess depressive symptoms to eliminate possible overlap-
ping confusion in the test. The Cronbach’s α coefficients of the remaining eight items and the entire PHQ-9 scale 
in this study was 0.770 and 0.771, respectively.

Fig. 1.  Participant procedure.
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Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality, which was compiled by Buysse et al.54. 
PSQI is a self-rated questionnaire which assesses sleep quality and disturbances over a 1-month time interval for 
patients with sleep disorders and mental disorders and also for general  people54. The scale has 19 items divided 
into seven components, including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, 
sleep disturbances, use of sleeping medication, and daytime dysfunction. Each dimension is scored from 0 to 3, 
and the sum of these seven components yields one global score, which ranges from 0 to 21 points. The Cronbach’s 
α coefficient of PSQI scale was 0.816.

Cognitive functions
Cognitive functions were measured by the Montreal Cognitive Assessment Scale (MoCA). MoCA is a rapid 
and effective tool for screening cognitive dysfunction. It was revised by Nasreddine et al.48 based on clinical 
experience and by referring to cognitive items and scores of Mini-mental State Examination (MMSE). The scale 
includes 8 cognitive domains, including visuospatial and executive function, naming, memory, language, atten-
tion, abstraction, delayed recall, and orientation, with a total score of 30. In this study, the reliability Cronbach’s 
α of this scale was 0.803.

Statistical analysis
We conducted with SPSS 22.0: (1) descriptive analyses to characterize the sample; and (2) bivariate analyses to 
assess sleep quality in relation to depressive symptoms and cognitive functions, separately. We employed struc-
tural equation modeling to test the specified models. Cross-lagged models is appropriate for studies that aim 
to determine the relative importance of prospective reciprocal influencing factors, i.e., assume that the effects 
spread over time. We used AMOS 21.0 to analyze a series of competing cross-lagged models for sleep quality, 
depressive symptoms, and cognitive functions to explore the longitudinal interaction between the three variables. 
Age, sleep quality, depressive symptoms, and cognitive functions were included as continuous variables in the 
equations, while the remaining variables were treated as categorical.

Model 1 (M1) is the baseline model to estimate the stability coefficient of the relationship among the three 
variables, which correlated the error terms among variables. Based on M1, Model 2 (M2) adds pathways from 
cognitive functions to depressive symptoms and from depressive symptoms to sleep quality. Model 3 (M3) adds 
pathways from sleep quality to depressive symptoms and from depressive symptoms to cognitive functions based 
on M1. Model 4 (M4) is based on M1, adding all paths of cross lagged between the three variables. Figure 2 
presents the M3 as an example. In this model, a variable at T2 is predicted by the same variable at T1 (autore-
gressive path) and the other variables at T1 (cross-lagged path). Similarly, a variable at T3 is predicated by the 

Fig. 2.  Three waves, three variables, cross-lagged effects model of sleep quality, depressive symptoms, and 
cognitive functions. The standardized coefficients were displayed. Dotted straight lines represent insignificant 
paths and solid straight lines represent significant paths. PSQI Pittsburgh Sleep Quality Index, PHQ9 Patient 
Health Questionnaire-9, MoCA Montreal Cognitive Assessment Scale, e measurement error. ***p < 0.001, 
**p < 0.01, *p < 0.05.
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same variable at T2 (autoregressive path) and the other variables at T2 and T1 (cross-lagged path). Considering 
the gender, age and years of education might affect the cognitive functions, these covariates were added in the 
models to control the hybrid effect. The number of bootstrap samples was chosen to be 1000, under the bias-
corrected 95% confidence interval (CI).

Model fit was evaluated using the Comparative Fit Index (CFI), Tucker Lewis Index (TLI), and Root Mean 
Square Error of Approximation (RMSEA). The ratio of chi-square statistic (χ2) to degree of freedom (df) was 
also used as an indicator of model fit, since χ2 is sensitive to the number of parameters in the model and to 
sample size. The CFI and TLI values greater than 0.90 are typically taken to reflect acceptable and excellent fits 
to the data  respectively55, and RMSEA values greater than 0.10 are  unacceptable56. In addition, the current study 
used ΔCFI, ΔTLI, and ΔRMSEA to compare measurement model. The ΔCFI and ΔTLI values < 0.01, respectively 
and ΔRMSEA values < 0.015, indicating that fit between the models was  equivalent57. The Akaike information 
criterion (AIC) and Bayesian Information Criterion (BIC) were also used to assist in selecting the best fit model.

Results
Demographic characteristics
As shown in Table 1, the mean age of subjects was 70.1 (SD = 3.8) years. Most of the participants were female 
(73.8%) and nearly 93% of them had education of primary school or below. Most are married (77.5%) while 
22.5% are widowed. 75.4% of them live with their spouse; 18.9% live alone and others live with other people.

Descriptive statistics and correlations
Means, standard deviations, and correlations for the measures of sleep quality, depressive symptoms and cogni-
tive functions are shown in Table 2. The correlation coefficients of sleep quality in three evaluating times were 

Table 1.  Demographic characteristics of the participants (N = 122).

Variables

Female, n (%) 90 (73.8)

Age, M ± SD 70.1 ± 3.8

Education, n (%)

 Unschooled 31 (25.4)

 Primary school 82 (67.2)

 Junior high school graduate or higher 9 (7.4)

Marital status, n (%)

 Unmarried 0 (0)

 Married 95 (77.9)

 Divorced 0 (0)

 Widowed 27 (22.1)

Living conditions, n (%)

 Live alone 23 (18.9)

 Live with spouse 92 (75.4)

 Live with children 2 (1.6)

 Live with spouse and children 4 (3.3)

 Live with others 1 (0.8)

Table 2.  Descriptive statistics and correlations among variables of interest (N = 122). T1-3 Time points. 
**p < 0.01; *p < 0.05.

Variables 1 2 3 4 5 6 7 8

1. Sleep quality (T1) 1

2. Depressive symptoms (T1) 0.369** 1

3. Cognitive functions (T1)  − 0.240*  − 0.296** 1

4. Sleep quality (T2) 0.732** 0.189**  − 0.187* 1

5. Depressive symptoms (T2) 0.436** 0.359**  − 0.304** 0.497** 1

6. Sleep quality (T3) 0.669** 0.338**  − 0.199* 0.831** 0.432** 1

7. Depressive symptoms (T3) 0.389** 0.379**  − 0.187* 0.310** 0.302** 0.429** 1

8. Cognitive functions (T3)  − 0.212*  − 0.187* 0.159  − 0.250**  − 0.288**  − 0.185*  − 0.044 1

M 6.8 2.1 21.8 8.2 2.2 8.1 2.1 20.4

SD 4.8 2.8 1.8 4.8 3.0 4.7 3.0 3.6
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significant and show stability across time. The depressive symptoms behaved similarly. However, there was no 
significant correlation between cognitive function at the two measurement points (r = 0.159, p > 0.05).

The correlation coefficients between sleep quality and depressive symptoms were significant at different time 
points, indicating close relationships between them. The correlation between cognitive function and sleep quality 
was also significant at T1 and T3 respectively, revealing a close relationship between sleep quality and cognitive 
function. The correlation between cognitive function and depressive symptoms was significant only at T1, but 
cognitive function at T3 was significantly correlated with depressive mood at T2, suggesting that there may be 
a potential pathway for depressive symptoms to predict future cognitive decline.

The cross‑lagged model modeling sleep quality, depressive symptoms and cognitive functions
Table 3 summarizes the results of the model fitting for the cross-lagged relationships among sleep quality, depres-
sive symptoms, and cognitive functions. As demonstrated, M3 has the best model fit, and significantly makes 
the fit better relative to the other models. The final cross-lagged model results of the three variables are shown 
in Fig. 2.

The relative stability coefficients were 0.73 and 0.83 for sleep quality (all ps < 0.001), and 0.27 and 0.18 for 
depressive symptoms (all ps < 0.05). In terms of cross-lagged effects, the standardized regression coefficients of 
sleep quality at T1 on depressive symptoms at T2 (β = 0.33, p < 0.001, 95% CI [0.10, 0.32]) indicated that worse 
sleep quality predicted more severe depressive symptoms at the next time point. Similarly, worse sleep quality at 
T2 significantly predicted more severe depressive symptoms at T3 (β = 0.22, p = 0.023, 95% CI [0.02, 0.26]). As 
expected, depressive symptoms at T2 significantly and negatively predicted cognitive functions at T3 (β = -0.25, 
p = 0.008, 95% CI [− 0.56, − 0.02]), but sleep quality at T1 did not predict cognitive function at T3 (β = − 0.07, 
p = 0.43, 95% CI [− 0.19, 0.07]). It suggests that depressive symptoms at T2 is a complete intertemporal mediator 
between sleep quality at T1 and cognitive functions at T3.

Discussion
The purpose of the present study was to provide empirical evidence on the link between sleep quality, depressive 
symptoms, and cognitive functions in older people with mild cognitive impairment. The causal relationships 
among these three constructs remain elusive. Although it is generally agreed that these variables are related to 
each other, the main ambiguity arises from difficulties in determining their case-effect relationships: does sleep 
quality promote depressive symptoms and then accelerate cognitive decline, or does cognitive impairment pro-
mote depression and then cause sleep disturbance? Clarification of the directionality of causal effects among these 
constructs has important implications for the mental health research and the treatment of cognitive impairment.

Main findings of the current study were that, sleep quality was significantly correlated with cognitive functions 
in patients with mild cognitive impairment, which association was fully mediated by depressive symptoms. The 
longitudinal mediation model examined in the study added to the theoretical knowledge regarding the complex 
relationships between sleep, depression and cognitive functions, in which sleep quality had impact on cognitive 
functions total through the mediation effect of depressive symptoms.

Our results supported the prospective effects model, in which each construct exerted a causal influence on 
another one over time. It means that, in people with mild cognitive impairment, sleep quality predicted subse-
quent levels of depressive symptoms, and then influence subsequent levels of cognitive functions, controlling 
for prior depressive status and cognitive functions. For the elderly with mild cognitive impairment, when their 
sleep quality is decreased, it will obviously cause or aggravate depression, which will lead to the decline of cog-
nitive functions. To be specific, poor sleep quality significantly impaired cognitive functions by exacerbating 
depression within 2 to 4 months.

From biological perspective, prefrontal cortex function may explain the casual influence between sleep quality 
and depressive symptoms. Loss of sleep may lead to decreased inhibitory control of negative emotions through 
disruption of prefrontal cortex function and thus increase of negative  emotions58. In previous functional mag-
netic resonance imaging (fMRI) studies, sleep deprived individuals showed significantly increased amygdala 
activation in response to negative emotional stimuli (60% higher volume level) compared to controls (normal 
sleep); There was also reduced connectivity between the amygdala and the medial prefrontal cortex (a region that 
has been found to be involved in inhibitory control and highly predictive of amygdala inhibition), and stronger 

Table 3.  Goodness-of-fit summary for the models tested in this study (N = 122). M1: The baseline model to 
estimate the stability coefficient of the relationship among the three variables, which correlated the error terms 
among variables. M2: Based on M1, M2 adds pathways from cognitive functions to depressive symptoms and 
from depressive symptoms to sleep quality. M3: Adds pathways from sleep quality to depressive symptoms and 
from depressive symptoms to cognitive functions based on M1. M4: Adds all paths of cross lagged between the 
three variables based on M1. CFI Comparative Fit Index, TLI Tucker Lewis Index, RMSEA Root Mean Square 
Error of Approximation, AIC Akaike information criterion, BIC Bayesian Information Criterion.

Model χ2/df P CFI TLI RMSEA AIC BIC ΔCFI ΔTLI ΔRMSEA

M1 2.260  < 0.001 0.865 0.815 0.102 142.388 215.292

M2 2.301  < 0.001 0.875 0.809 0.104 142.824 226.945 0.010 0.006 0.002

M3 1.684 0.006 0.934 0.899 0.075 120.619 204.740 0.059 0.090 0.029

M4 1.800 0.007 0.944 0.882 0.081 126.804 238.965 0.01 0.017 0.006
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connectivity between the amygdala and the locus  coeruleus59. In other words, reduced metabolic activity in 
the medial prefrontal cortex may impair normal regulation of emotion-related amygdala responses, leading to 
elevated processing of negative emotions. However, further studies are needed to examine the mediating and/ or 
moderating roles of prefrontal cortex function in the relationship between sleep quality and depression.

As for the relation of depressive symptoms and cognitive functions, dysregulation of the hypothalamic–pitui-
tary–adrenal (HPA) axis observed in depressed patients may lead to increased production of  glucocorticoids60, 
increased amounts of amyloid plaques (i.e., beta-amyloid and tau proteins), and chronic  inflammation61, all of 
which can lead to hippocampal  atrophy62, or abnormal frontal  striatum63. These changes are highly associated 
with cognitive  declines64. However, it is important to note that these above biological changes have been indicated 
in several studies with heterogeneity in terms of samples recruited. Therefore, further investigation is needed to 
determine whether these changes are more likely to be promoted in patients with MCI or dementia compared 
to those with normal cognitive function.

According to the results of correlation analysis, sleep quality and depression showed a certain horizontal and 
vertical stability, while cognitive functions showed a decline tendency. It is worth noting that the correlation 
between the cognitive function evaluations at T1 and T3 was not significant, which implied the relatively rapid 
progress on cognitive decline in individuals with mild cognitive impairment and the urgent need of addressing 
this issue.

Overall, this study revealed the mediating role of depressive symptoms in sleep quality affecting cognitive 
functions in patients with mild cognitive impairment, where the worse sleep quality led to a more severe depres-
sive symptoms resulting in more serious cognitive decline. Interventions for older adults with mild cognitive 
impairment are suggested to include both sleep disorders and depressive symptoms for consideration.

This study had some limitations. First, despite the longitudinal nature of the data sets, the models tested in 
this research do not necessarily represent causal relationships between the variables contained in these models. In 
addition, the sample of this study was from a township of Ningbo City, so our findings may not be generalizable 
to other areas. The future studies should consider recruiting a larger and more diverse sample, encompassing a 
broader range of regions. Moreover, the study was limited by using only self-report measures, more objective 
measurement tools are recommended in future studies. Furthermore, the collection and integration of modifiable 
factors such as anxiety, mental stress, and lifestyle into the analysis were omitted. Given the study’s objective to 
investigate the mediating role of depressive symptoms between sleep quality and cognitive function, the inclusion 
of these extra variables could potentially obscure or attenuate the direct association between depressive symptoms 
and cognitive functions, as they may act as potential mediators or moderators in the relationship between the 
two variables. Finally, the inclusion of elderly individuals with mild cognitive impairment in this study without 
clinical diagnosis may have impacted the accuracy of the results, thus a more rigorous diagnostic process should 
be implemented to further validate the findings presented in this study.

Conclusions
In a word, this study contributed to the controversial topic of the complex relationships among three common 
mental health related issues in the aging population. Sleep quality was significantly correlated with cognitive 
functions in patients with mild cognitive impairment, which association was fully mediated by depressive symp-
toms in a longitudinal pattern. The research revealed the mechanism of depressive symptoms in the relationship 
between sleep quality and cognitive functions in older adults with mild cognitive impairment. Understanding 
this relationship may help to the primary prevention and treatment of these problems among older people. The 
intervention of elderly mild cognitive impairment patients with sleep disorders should not only consider the 
improvement of sleep quality, but also focus on the management of depression.

Data availability
The datasets generated for this study are available on request to the corresponding authors.
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