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15 Abstract

16  Background: The increasing prevalence of depression and functional disability in
17  older adults highlights the need for targeted interventions, with sleep as a potentially
18  modifiable factor, yet the longitudinal effects and mediating role of sleep remain
19 poorly understood.

20  Methods: This review and conceptual framework aimed to examine the pairwise
21  bidirectional associations between sleep, depression, and functional disability and
22 identify the longitudinal mediating role of sleep in the bidirectional relationship
23 between depression and functional disability in older adults. The academic databases
24 PsycArticles, PubMed, MEDLINE, Science Citation Index, Social Sciences Citation
25  Index, ProQuest Dissertations and Theses Global, Cochrane, and Scopus were
26  searched for research published in English between January 2000 and June 2024.
27  Systematic review and cohort study designs were eligible. All included studies were
28  assessed for quality using the Critical Appraisal Skill Programme checklist (CASP
29 2024).

30  Results: 397,289 citations were identified, and 82 studies meeting the inclusion
31  criteria were included. Cohort studies and reviews provide evidence that there is a
32 dynamic reciprocal correlation between sleep, depression, and functional disability in
33 the older population. We propose that sleep may increase the risk of depression and
34  functional disability in the follow-up years, with sleep acting as a potential mediating
35  factor between depression and functional disability. There was a selection bias in the

36 study samples, as most studies focused on specific populations or regions. Moreover,
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37 some of the cohort studies included lacked sufficient follow-up time to observe
38  long-term effects.

39  Conclusions: This review and conceptual framework highlight that sleep health can
40  provide crucial insights for mitigating the adverse effects experienced by older adults
41 due to depression and functional disability. For healthcare professionals and
42  policymakers, it provides evidence about prioritizing sleep health as an accessible step
43  to foster a healthy lifestyle.

44 PROSPERO registration number CRD42024556536.

45

46  What is already known on this topic

47 With the increasing aging population, improving the physical and mental health
48  of older adults has become a key social issue. Substantial epidemiological studies
49  have confirmed the existence of bidirectional relationships between depression, sleep
50  disorders, and functional disability in older adults, with all three variables influencing
51 each other. However, the complex interaction mechanisms among these three
52 variables remain unclear, and further research is needed to explore whether sleep
53  plays a longitudinal mediating role between depression and functional disability.

54 What this study adds

55 This study significantly enhances our understanding by providing robust
56  evidence of the dynamic, bidirectional relationships among sleep, depression, and
57  functional disability in older adults. Unlike previous research that primarily examined

58  pairwise relationships, our study delves deeper by proposing a comprehensive
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59  conceptual framework. This framework underscores the potential mediating role of
60  sleep, suggesting that sleep disturbances are not merely consequences of depression
61 and functional disability but also active contributors to their interaction and
62  progression. By elucidating these underlying mechanisms and potential pathways, our
63  study sheds light on the complex interplay among these three variables, ultimately
64  enhancing the quality of life for older adults.

65  How this study might affect research, practice or policy

66 This study paves the way for deeper investigation into the causal mechanisms
67  connecting sleep, depression, and functional disability. It highlights the critical
68 importance of prioritizing resources for sleep-related research and interventions,
69  recognizing their significant potential to enhance the well-being of an aging
70  population. This holistic approach aims to foster a more comprehensive understanding
71 and effective strategies for promoting healthy aging.

72 Keywords: depression; functional disability; sleep; older adults; bidirectional
73 relationship
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75 Introduction

76 The global population is undergoing a swift aging transition, largely as a result of
77  prolonged life spans and falling fertility rates. Between 2015 and 2050, the proportion
78  of the world’s population over 60 years will nearly double from 12% to 22%.' With
79  the development of an aging society, the trend of depression and functional disability
80  is on the rise in older adults, making it an important public health issue. Functional
81  disability is defined as a diminished capacity or inability to perform basic self-care
82  tasks required for independent living.? All activities of daily living (ADL) and
83  instrumental activities of daily living (IADL) items explained significant variance in
84  quality of life, both physically and mentally.>* Persons with disabilities have in
85  general poorer health and higher risk of developing secondary health conditions.’
86  Compared with persons without disability, persons with severe disability are more
87  likely to report having depression (over eight times as likely).® Depression is a
88  significant contributor to the global burden of disease.” Approximately 280 million
89  people in the world have depression.® An estimated 3.8% of the population experience
90  depression, including 5% of adults (4% among men and 6% among women), and
91  5.7% of adults older than 60 years8§. In the context of global aging, depression in late
92  life has raised considerable concern because of its relationship to physical illness,
93  functional impairment, and mortality in the elderly population.’

94 Prior epidemiological studies had reported that functional disability and
95  depressive symptoms were closely related, though the relationship might not always

96  be unidirectional,'*!* with potential mechanisms suggesting that functional disability
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97  can be conceptualized as a stressful condition that may be involved in the onset and
98  progression of depression.” Evidence also suggested that, functional disability as a
99  stressful event increased the likelihood of developing depressive symptoms.'#!> As
100  depressive symptoms and functional disability over the life course is dynamic and

101 changeable,'®!7

it is worth investigating the long-term association between functional
102  disability and depressive symptoms. A substantial body of research had demonstrated
103 a longitudinal bidirectional relationship between depression and functional disability,
104  a phenomenon that persists across different cultural settings and populations.'3-?!

105 Different health-related factors also play an important role in driving the effects
106  of functional disability and depression among older individuals, with sleep being a
107  modifiable factor that can significantly influence the link to both depression and
108  functional disability. Longitudinal studies had shown that subjective sleep disturbance
109 was a major risk factor for future development of both first-onset and recurrent
110 depressive episodes in older adults.??2¢ Also, studies showed that there was reciprocal
111 relationship between sleep and depression symptoms.?*?” Short sleep duration was
112 associated with an increased risk of onset and recurrent depression, at the same time,
113 depression could shorten the sleep duration of individuals with normal sleep durations.
114 28 In addition, a previous longitudinal study showed that older adults with reduced
115 levels of ADL and IADL had a higher risk of having declining sleep quality.?’ Some
116  research focused on exploring the impact of sleep problems on incident functional

31

117  disability, with insomnia,*® poor sleep quality,’! and both excessive and insufficient

118  sleep duration found to increase the risk of functional disability in older adults.*? As


https://doi.org/10.1101/2025.02.27.25323031
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.02.27.25323031; this version posted April 28, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

119 can be seen, sleep not only has a longitudinal bidirectional relationship with
120  depression but also exert a bidirectional effect on functional disability. Despite there is
121 substantial and clear evidence linking sleep to both depressive symptoms and
122 functional disability, the nature of the interaction among these three and the possible
123 underlying mechanisms remains unclear. Given that sleep health provides clues for
124 understanding the potential causes that could mitigate the negative effects of
125  depression and functional disability, a better understanding of the relationship
126  between sleep, depression, and functional disability is crucial for crafting effective
127 preventive strategies and personalized interventions for older adults.

128 For the purposes of this review, (1) we aim to testify the pairwise bidirectional
129  associations between sleep, depression and functional disability in older adults.
130 Depression at T1 predicts functional disability at T2, conversely, functional disability
131 at T1 predicts depression at T2. Similarly, depression at T1 predicts sleep problems at
132 T2, conversely, sleep problems at T1 predict depression at T2. Additionally, sleep
133 problems at T1 predict functional disability at T2, conversely, functional disability at
134 T1 predicts sleep problems at T2. (2) We aim to explore the longitudinal mediating
135 role of sleep on the bidirectional relationship between depression and functional
136 disability in older adults. Depression at T1 predicts sleep problems at T2, which in
137 turn predict functional disability at T3. Likewise, functional disability at T1 predicts
138 sleep problems at T2, which then predict depression at T3. We sought to include a
139 wide range of evidence from different regions, rather than following the traditional

140  systematic review process with inclusion criteria, to better understand causal
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141  mechanisms and develop a conceptual framework.

142

143 Methods

144 Specifying the research question and search strategy

145 Our research question was “Does a pairwise bidirectional relationship exist between
146 depression, sleep, and functional disability in older adults, and what is the role of
147 sleep in the potential mechanisms linking depression with functional disability?” We
148  proposed to identify evidence across a broad spectrum of exposure, outcomes, and
149  study designs, and to subsequently choose studies that would comprehensively
150  address each facet of the research question, including underlying mechanisms.

151 The search strategy took a broad approach to capture the full range of relevant
152 literature: terms for depression and functional disability will be combined with terms
153 for sleep. Medical Subject Headings (MeSH) headings or major subject headings will
154 be used for each category, and exploded where possible. Details of the search terms
155  and strategy for each database were provided in Table S1 (Supplementary Appendix
156 2).

157

158  Protocol

159  The protocol was designed in collaboration with experts specializing in mental health
160 and epidemiology. To ensure the originality of our research question, we
161  comprehensively screened several key databases, including the PROSPERO database,

162 the Open Science Framework, and the International Platform of Registered
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Systematic Review and Meta-analysis Protocols (INPLASY), for any prior
registrations or publications. We registered the protocol on PROSPERO. We followed
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines.* The PRISMA checklist in the Supplementary Appendix 1.

Database searches

Primary electronic search included PsycArticles, PubMed, MEDLINE, Science
Citation Index, Social Sciences Citation Index, ProQuest Dissertations and Theses
Global, Cochrane, and Scopus. All databases were searched between January 2000

and June 2024.

Eligibility criteria
We included sources from any country, published between January 2000 and June
2024. Only articles in English will be included. We included studies that explored
depression, sleep, and functional disability. Firstly, the studies included must contain
at least two main variables: depression and functional disability. We did not
specifically set exposure variable and outcome variable. Secondly, we incorporated
sleep parameters (e.g., sleep duration, sleep quality, or sleep disorders) as a variable to
examine its relationship with depression and functional disability, as well as the
potential mechanistic role of sleep.

For studies to be eligible for inclusion, (1) at least half of the participants had to

be within the target age range (=60 years old) or at least half of the participant
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age-range had to overlap with this age range; (2) at least containing both depression
and sleep variables; (3) at least containing both functional disability and sleep
variables; (4) at least containing depression, functional disability, and sleep variables;
(5) systematic review, prospective and retrospective cohort studies, and longitudinal
cohort study designs will be included; (6) only published peer-reviewed journals with
full text articles were included.

The exclusion criteria were as follows: (1) articles published before 2000 and not
published in English were excluded; (2) articles whose topic was not the variables
including depression, sleep, and functional disability were excluded; (3) participants
diagnosed with psychological issues other than depression and other samples
(children or young people) were excluded; (4) studies that only recruited participants
with a specific medical diagnosis (e.g., stroke, diabetes, or other chronic diseases)
were excluded; (5) studies that included exposure and outcome variables occurred at
the same time were excluded; (6) unpublished articles, papers, conference articles and
monographs were excluded.

Studies could assess depression and functional disability using any psychological
tests or batteries, self-reported measures, healthcare records, and diagnostic criteria.
Additionally, research can utilize self-reported measures or objective measurements

(e.g., polysomnography or wearable devices) to assess sleep parameters.

Selection process

After searching the databases, the selection of studies were conducted by three

10
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researchers, in an independent and blind approach, strictly following the inclusion and
exclusion criteria defined in the search protocol. We investigated the title and abstract
(title and abstract screening) of the studies to see whether they met our eligibility
criteria. If the titles and abstracts were unclear, the full texts were read to avoid the
risk of excluding important studies from the systematic review. Any disagreements
that may arise were resolved through consensus. Titles and abstracts were
independently screened by two reviewers (H.W., L.W.), and conflicts were resolved
by consensus. Full texts were independently screened by two reviewers (H.W., L.W.),
and discrepancies were resolved through discussion with a third reviewer to reach
consensus (H.C.). Studies were duplicated using Endnote and Rayyan. Following this,
articles were imported into the online Rayyan data management system for abstract
screening (Figure 1). To enhance understanding, we conducted a keyword

co-occurrence analysis of the included studies (Figure 2).

Data extraction and quality assessment

Data extraction carried out independently by three researchers, and any discrepancies
will be resolved through discussion. Rayyan will be employed for the storage,
management, and retrieval of the data. The following information regarding study
characteristics were extracted from the included studies: authors, publication date,
study design, aim/objectives/research question, data collection, sample size, exposure
measures, outcome measures, follow-up time, covariates, effect sizes, and summary

of main findings. When studies reported multiple adjusted models, we extracted

11
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229  information relating to the most adjusted result (the model with the most covariates).>*
230  We tabulated the characteristics of each paper, such as exposure, outcome measure,
231  results. Additionally, we recorded information about causal pathways and provided a
232 summary quality score for each paper to facilitate a comprehensive assessment (see
233 Table S2, Supplementary Appendix 2). In addition, we summarized the reasons for
234 excluded studies (see Table S3, Supplementary Appendix 2).

235 Quality was assessed using the Critical Appraisal Skills Programme (CASP)

236 checklist.3-*7 The CASP checklist was used to assess the quality of the articles

237  identified in the searches. The CASP did not have a scoring system to enable studies
238  to be distinctly categorised in terms of quality. Studies were graded in accordance to
239  quality based on the CASP. Studies were graded as followings: ‘low’ (8.5 or higher),
240  ‘medium’ (5-8), or ‘high’ (less than 5) in relation to the risk of having significant

241  methodological flaws.*® The primary researcher (H.W.) assessed 100% of the studies.
242 A sample of 20% was independently quality assessed by a second reviewer (L.W.).
243 Should any disagreements arise regarding inclusion, these were resolved using

244  discussion, or if required, taken to a third reviewer (H.C.), and a majority decision

245  was used to resolve the disagreement (see Tables S4-S6, Supplementary Appendix 2).
246 This was in line with the guidance in the Cochrane Handbook for Systematic Reviews
247  of Interventions,* which suggested that a proportion of articles should be reviewed by
248  multiple researchers to check for consistency.

249

250  Framework development

12
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251  The group members employed a consensus development method for framework
252 development based on formal reviews of the literature. The literature reviews ensured
253  that the framework included all available empirical data. The framework development
254  was an iterative process of drafting, discussions, and revision.*’ Initially, the
255  framework was built on the basis of strategies for healthy aging, considering the
256  importance of a healthy aging society in promoting the quality of life for the elderly
257  and its long-term developmental benefits. To foster the synchronized development of
258  both the physical and mental health of the elderly, the interconnections between
259  depression, sleep, and physical function were subsequently taken into account. Once
260  the framework was complete, we evaluated the results of the literature review within
261  the context of healthy aging. The conceptual framework is provided in Figure 3.

262

263  Synthesis methods and conceptual framework

264 A narrative synthesis approach will be applied to integrate the findings including an
265 analysis of variability in terms of setting, population, exposure/ intervention, and
266  outcomes.*! To comprehensively integrate the research, we revisited the final studies
267  that met the selection criteria. We extracted the key content from each study and
268  compiled it into a tabular format that detailed information on exposure, outcome
269  assessment, results, all aligned with our quality assessment criteria. The main
270  reviewer conducted the preliminary synthesis of each group of studies in regular
271  discussions with other group members. The comprehensive report will give more

272 emphasis to high-quality evidence.

13
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273 All the information was used to establish two main research hypotheses. The
274  initial conceptual framework aimed to identify the potential mechanisms of
275  depression, sleep, and functional disability in older adults, as well as the factors that
276 ~ may influence this process. We developed two theoretical frameworks to better
277  understand the causal relationships between these three variables. First, we assessed
278  the bidirectional causal relationship between depression, sleep, and functional
279  disability in the older population: depression at T1 predicts sleep at T2, and
280  conversely, sleep at T1 predicts depression at T2; sleep at T1 predicts functional
281  disability at T2, and conversely, functional disability at T1 predicts sleep at T2;
282 depression at T1 predicts functional disability at T2, and conversely, functional
283  disability at T1 predicts depression at T2. Second, we explored the longitudinal
284  mediating effect of sleep between depression and functional disability: depression (T1)
285  predicts sleep (T2), sleep (T2) predict functional disability (T3), and functional
286  disability (T1) predicts sleep (T2), sleep (T2) predict depression (T3). Each part of
287  this framework was reviewed by a group with a psychology background (Figure 4).
288

289 Results

290  After removal of duplicates, we screened 183,004 titles and abstracts. 213 sources
291  were eligible for full text screening (Figure 1). After further exclusions (87.8% of
292 which were due to misalignment with the study aims and wrong study design), 82
293 sources remained.

294

14


https://doi.org/10.1101/2025.02.27.25323031
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.02.27.25323031; this version posted April 28, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

It is made available under a CC-BY 4.0 International license .

Study design
The majority of studies (n=79, 96.3%) were cohort studies, with only 3 system
reviews was included. A wide variation in the duration of included studies, ranging

from 10 weeks to up to 20 years. The most common follow-up durations were 4 years

(n=16, 19.5%), 2 years (n=11, 13.4%), and 6 years (n=11, 13.4%).

Study population

Among the 54 cohort studies exploring the longitudinal relationship between
depression and functional disability, 68.5% (n=38) of the study populations were aged
60 years and older. Of the 18 cohort studies that assessed the longitudinal relationship
between sleep and depression, 33.3% (n=6) included subjects who aged over 60 years.
In five cohort studies investigating the longitudinal relationship between sleep and
functional disability, one study included a sample of >45 years of age, two studies had
populations aged 50 years and older, one study focused on population aged over 60
years, and one study selected a population who aged 100 years and older. In two
cohort studies examining the longitudinal relationship between sleep, depression, and
functional disability, one study was conducted with individuals aged 60 years and

older, while the other study included a population starting from the age of 16.

Study location
The leading countries in the included studies were the United States (n=31, 37.8%)),

China (n=21, 25.6%), Japan (n=5, 6.1%), and the United Kingdom (n=5, 6.1%).

15
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317  Among them, 25 (30.5%) studies focused on the relationship between depression and
318  functional disability were from the United States, 13 (15.9%) from China, and 4
319 (4.9%) from Japan. Of the studies on sleep and depression, there were 5 (6.1%)
320  studies from China and 4 (4.9%) from both the United States and the United Kingdom.
321  Regarding research on sleep and functional disability, 3 (3.7%) studies were from
322 China and one (1.2%) study from the United States. Additionally, there was one (1.2%)
323 study examining the interplay of depression, sleep, and functional disability in older
324  adults from the United States.

325

326  Exposure and outcome exposures and measurements

327  Inresearch examining the association between depression and functional disability in
328  the older population (n=56), 30 (53.6%) studies designated depression as the exposure
329  variable and functional disability as the outcome variable to assess the long-term
330 effects of depression on functional disability over time. Conversely, 17 (30.3%)
331  studies considered functional disability as the exposure and depression as the outcome
332 to understand the longitudinal impact of functional disability on depressive symptoms.
333 Additionally, 9 (16.1%) studies were conducted to examine the reciprocal longitudinal
334  relationship between depression and functional disability. In studies exploring the
335  relationship between sleep and depression, the included studies all considered sleep as
336  the exposure variable and depression as the outcome variable. Two studies evaluated
337  the bidirectional relationship between the two. The majority of studies are geared

338  towards understanding the prolonged longitudinal effects of sleep on the onset of

16
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339  depression. In the five studies on sleep and functional disability that we included, 4
340  studies examined the long-term longitudinal impact of sleep as an exposure factor on
341  functional disability, and only one study investigated functional disability as an
342 exposure factor on the long-term longitudinal impact on sleep. Moreover, of the
343 studies exploring the relationship among the three factors, sleep was consistently used
344  as the exposure factor to investigate its impact on depression and functional disability.
345  However, research on the interactive effects among the three and the possible
346  underlying mechanisms had not yet been elucidated.

347 Most of the assessment for depression were the Center for Epidemiologic Studies
348  Depression (CES-D) scale (n=45, 54.9%), with 9 (11.0%) studies using the Geriatric
349  Depression Scale (GDS), and one of these studies used both the CES-D and GDS
350  scales. Most sleep measurement tools were self-reported (n=17, 20.7%), additionally,
351  four studies used the Pittsburgh Sleep Quality Index (PSQI) to assess sleep quality.
352

353 Quality assessment

354  After careful evaluation, the majority of included studies were deemed to be of high
355 quality. A total of 11 papers were of medium quality, compared to the high-value
356  papers, the medium-value papers contributed less to the validity of the results and
357  demonstrated limitations in the generalizability of findings. The 11 included studies
358 commonly exhibited limitations, particularly in the presentation of findings, and
359  included: a lack of complete and long-term follow-up of subjects; insufficient control

360  for confounding variables to reduce bias; and the inability to results apply the results
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361  to local population. Quality scores were reported in Table 1, which presented the
362 outcome of the quality and contribution assessment for each of the 82 included
363  papers.

364

365 The reciprocal relationship between depression and functional disability

366 Six findings indicated that depressive symptoms were significantly associated
367 with the subsequent disabilities in both activities of daily living (ADL) and
368  instrumental activities of daily living (IADL).!%4>*> Among them, one study found
369  that the relative risk associated with depression was stronger for IADL disability than
370  ADL disability ** Seven studies provided evidence that depression remained a strong

46-51

371  and significant risk factor for the development of ADL disability,**>" and two studies

372 suggested that those with depressive symptoms were at an increased risk of IADL

373 limitations.!%32

Furthermore, one study observed that severe depressive symptoms
374  strongly predicted a subsequent higher IADL decline among the young-old subjects
375  and strongly predicted a subsequent higher ADL decline in the old-old subject.?
376 ~ However, only one study hold the view that depressive symptoms did not consistently
377  contribute to greater physical function decline.> Of the studies investigating the effect
378  of functional disability on the increased depression, three studies testified ADL
379  limitations at baseline were at risk of developing a depressive episode,’*° and two
380  studies considered IADL disability was associated with a higher risk for depression

381  than ADL disability. >3

382 Regarding the evaluation of the bidirectional longitudinal relationship between
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383  depression and functional disability, one study indicated that a change in state
384  disability had a moderately strong contemporaneous effect on depressive symptoms,
385  whereas a change in depressive symptom level had a weak 1-year lagged effect on
386  disability.> One study compared the effect of the association between depression and
387  functional disability over time, finding that disability was much more likely to affect
388  the increase in the depressive symptom trajectory, as compared with the influence of
389  depressive symptoms on the increase of the disability trajectory over time.*
390  Conversely, another study elucidated that depressed mood predicted subsequent ADL
391  dependency, but ADL dependency did not significantly predict later depressed
392 mood.®! In conclusion, there was a correlation between sleep and functional disability
393 in older adults not only within the same temporal dimension, but more importantly,
394  the longitudinal interplay between the two had been widely demonstrated across
395  different study populations and research contexts.

396

397  The reciprocal relationship between sleep and depression

398  Four studies explored the risk of insomnia leading to an increased risk of depression
399 in older adults,>'%%* while five studies examined the longitudinal relationship
400  between sleep duration and depression.®>** Among them, two studies suggested that
401  both long and short sleep durations were closely related to depression,%-%¢ two studies
402  found that short sleep duration had a greater impact on depression,?®¢” and one study
403 indicated that long sleep duration had a more significant effect on depression.®® In

404  addition, there were inconsistent findings regarding the impact of daytime napping on
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depression. Some studies suggested that extended napping was associated with a
higher risk of depressive symptoms,* however, another research showed that longer

midday napping was associated with reduced persistent depressive symptoms.®’

The reciprocal relationship between sleep and functional disability

In the five included studies, one study explored that older adults with more ADL and
IADL limitations had a higher risk of having declining sleep quality.?’ One study
found that individuals with insomnia symptoms had a higher risk of ADL and IADL
disability.’® Two studies explored the longitudinal impact of sleep duration on
functional disability,*>’® with one study showed that long sleep duration increased the
risk of ADL disability,”” and another study indicated that both long and short sleep
durations were linked with incident TADL disability.*? In addition, one studies

evaluated that poor sleep quality was associated with disability in ADL and IADL.?!

The interplay between sleep, depression, and functional disability
Two included studies indicated that poor sleep was associated with declining

functional status and greater depression in older adults over the follow-up period.”!7?

The conceptual framework
We developed a conceptual framework, based on the reviewed literature, that connects
sleep to both depression and functional disability, thereby extending existing research

(Figure 3). The model incorporated evidence about the longitudinal interplay between

20


https://doi.org/10.1101/2025.02.27.25323031
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.02.27.25323031; this version posted April 28, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

427  sleep, depression, and functional disability in older adults. The framework
428  demonstrated a longitudinal bidirectional lagged relationship between depression and
429  functional disability, such that depression at T1 not only affected functional disability
430  at T1 but also influenced functional disability at T2. In addition, functional disability
431  at T1 not only impacted depression at the same time but also exerted an effect on
432 depression at T2. To explore the potential mechanisms between the two, our
433 framework also suggested the longitudinal mediating role of sleep, where depression
434  at T1 could influence functional disability at T3 through sleep at T2, and conversely.
435

436  Analysis by subgroup

437  Few studies compared results for males and females, some studies only focused on the
438  interests of males or females. About the relationship between depressive symptoms
439  and functional disability, one study found that mild depressive symptoms was
440  associated with increased incident limitations on IADL in men, whereas severe
441  depressive symptoms was related to IADL and ADL limitations in women.”> The
442  impact of depression on increased IADL limitations was greater in males than in
443  females, while the impact of depression on ADL limitations was the most significant
444  in females. What’s more, two studies found that females with worsening disability
445  were more likely to develop depressive symptoms. Research indicated that depressive
446  symptoms and disability formed reciprocal longitudinal relationships in older
447  women.”*”> In contrast, one study showed that depressive symptoms predicted a

448  greater risk of subsequent disability in males than in females. Additionally, the
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449  relationship between ADL disability and increased depressive symptoms was stronger
450  in females than in males.?!

451 About the relationship between sleep and depressive symptoms, two studies
452 suggested that poor sleep quality and long sleep duration were associated with
453  increased odds of depression several years later among men,’®”” while another two
454  studies considered that sleep disorders and insomnia were risk factors for susequent
455  depression in women.”®”°

456

457  Discussion

458  We synthesized a wide range of evidence about the longitudinal reciprocal
459  relationships between sleep, depression, and functional disability among older adults,
460  and developed a conceptual framework linking the longitudinal mediating role of
461  sleep in preventing depression and functional disability. Our conceptual framework
462  emphasized that sleep health played a pivotal role in the complex interplay between
463  depression and functional disability among older adults. It highlighted the need to
464  prioritize sleep health as a key intervention target to mitigate the adverse effects of
465  these conditions and promote overall well-being in older populations.

466 Overall, the study results were consistent, with only two studies presenting
467  contradictory conclusions.’*" Nonetheless, the included studies collectively supported
468  our research hypotheses. Firstly, research on depression and functional disability
469 among older adults tended to focus on depression as a primary factor affecting

470  functional disability. The majority of studies measured depressive symptoms using
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471  self-reported scales, indicating that depression identified through scales, in addition to
472  clinical diagnoses, warranted serious consideration. Clinical proved that it was very
473  difficult to completely cure severe depression, so early diagnosis and early treatment
474  to avoid exacerbations over time was the most effective way to deal with depression.?!
475  Existing studies had already demonstrated that both short-term and long-term
476  presence of depression could severely impact functional disability of older adults.?%4¢
477  Moreover, baseline functional disability also negatively influenced subsequent
478  depression in older adults. Options varied on whether ADL disability or IADL
479  disability had a greater influence on the incidence or recurrence of depression. Some
480  research suggested that ADL disability had a more significant impact,*® while others
481  argued the opposite.’” It was important to note that some studies might focus on only
482  one of these variables, but at present, it remained unclear which level of functional
483  disability had the most significant impact on depression. As we all knew, both ADL
484  and IADL were indicators of physical functioning level in older adults, with IADL
485  reflecting a higher level of independent living ability due to its inclusion of cognitive
486  function assessment.*3’ To date, no studies had directly compared the effects of ADL
487  and IADL disability on depression, which may suggest that such a comparison had
488  limited practical significance. However, recognizing the bidirectional relationship
489  between depression and functional disability, it was essential to pay attention to the
490  potential mutual transformation of these two conditions. Therefore, comprehensive

491  intervention strategies aimed at simultaneously improving physical function and

492  mental health may be key to enhancing the quality of life for older adults.
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493 Secondly, depression, as a type of mental disorder, was characterized by
494  prolonged periods of low mood and was often accompanied by sleep disturbances *
495  In severe cases, this could lead to sleep disorders, which in turn could exacerbate
496  depressive symptoms, creating a vicious cycle. Existing research had confirmed the
497  reciprocal relationship between depression and sleep,?’?® a connection that had been
498  observed in cross-sectional and longitudinal studies.?® Most of the included studies
499  had focused on exploring the impact of sleep as an exposure factor on depression.
500 Evidences suggested that both excessive sleep and sleep deprivation could worsen
501  depressive symptoms.®> However, most research indicated that short sleep duration or
502  insomnia was a major risk factor for depression.?®¢* Both long sleep and short sleep,
503  as unhealthy sleep patterns, were considered as harmful to human health, affecting
504  both gender equally. Consequently, addressing sleep problems may emerge as a
505  crucial strategy for alleviating depression. Further research is needed to explore the
506  specific mechanisms of this relationship and to develop effective treatment strategies.

507 Thirdly, current research on the relationship between sleep and functional
508  disability was somewhat limited, which might be due to the fact that the connection
509  between sleep and functional disability was influenced by a variety of factors, making
510 it difficult to clearly establish the specific correlation between the two in the short
511  term. However, existing studies had revealed that both excessive and insufficient
512 sleep could have adverse effects on functional disability.*? It was notable that three
513  studies had indicated a close connection between poor sleep quality and functional

514  disability.>>*7* Given that the physical functions of the elderly population

24


https://doi.org/10.1101/2025.02.27.25323031
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.02.27.25323031; this version posted April 28, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

515  continuously change with age, and the aging process is often accompanied by a range
516  of health challenges, it was especially important to pay attention to and improve the
517  sleep quality of older adults.

518 This review, incorporating existing research, examined the complex relationships
519  and mechanisms of interaction among three key variables: depression, sleep and
520  function disability. Depression might lead to sleep problems, which in turn might
521  amplify depressive symptoms and further lead to functional disability. Conversely,
522 functional disability might also affect sleep and depressive, creating a cycle of mutual
523  influence. To achieve an in-depth comprehension of the dynamic relationships
524  between these variables, we constructed a theoretical framework, highlighting sleep as
525  a potential mediating factor in the bidirectional relationship between depression and
526  functional disability. We proposed that sleep-related problems might not only be a
527  consequence of depression and functional disability but also act as a catalyst for the
528  interaction between the two. Through this theoretical framework, we aimed to provide
529 a new perspective on understanding the complex interactions among these three
530  variables and to offer a scientific basis for developing more effective intervention
531  strategies, thereby improving the quality of life for individuals affected by depression,
532 sleep problems, and functional disability.

533 The theoretical framework proposed by this study enhances our understanding of
534  the complex relationship between depression, sleep, and functional disability,
535  providing a new viewpoint on the interaction between mental health and physical

536  health. By emphasizing the role of sleep as a potential mediating variable, this study
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537  offers a new explanatory pathway for understanding the bidirectional relationship
538  between depression and functional disability. What’s more, the dynamic interaction
539  network illustrates the mechanism of interaction among these three variables,
540  providing a theoretical foundation and research direction for future studies.

541 The findings of this study can provide a more holistic perspective for clinicians,
542 helping them to consider various factors when treating depression, sleep problems,
543 and functional disability, and to develop more effective intervention strategies. By
544  understanding the interaction among these three variables, more targeted intervention
545  measures can be developed to improve the quality of life in older adults. Our review
546  underscores the importance of interdisciplinary collaboration, prompting the joint
547  effort of experts in psychology, psychiatry, sleep medicine, and rehabilitation
548  medicine to address complex health issues.

549 Our review systematically examined the complex relationships between
550  depression, sleep, and functional disability, highlighting the crucial role of these
551  factors in the context of aging. Despite the comprehensive approach taken, there were
552 several limitations to acknowledge. Firstly, our study design was primarily focused on
553 quantitative studies, which was partly due to the limited availability of qualitative
554  research, but also to some extent due to the additional exclusion criteria we introduced
555  during the full-text screening phase. Secondly, there was a selection bias in the study
556  samples, as most studies focused on specific populations or regions, which might not
557  be generalized to a broader population. Moreover, some of the cohort studies included

558  lacked sufficient follow-up time to observe long-term effects. Although included
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559  studies attempted to control for confounding factors, the possible remained that
560  unmeasured or unobserved factors could influence the results. It was also significant
561  that assessments of sleep, depression, and functional disability relied on subjective
562  data, with a lack of objective measures, which could affect the accuracy of the
563  findings. The theoretical framework we constructed considered the interactions
564  between multiple variables, but the validation of these relationships mighty be limited
565 by methodological and statistical analysis in practice.

566

567 Conclusion

568  This review systematically reviewed the longitudinal bidirectional relationship
569  between depression, sleep, and functional disability, and constructed a conceptual
570  framework emphasizing the critical role of sleep in the complex interaction between
571  mental and physical health in older adults. The research results of this paper have
572 important guiding significance for clinical intervention, interdisciplinary collaboration,
573  improving quality of life, and public health policy formulation. In the future, more
574  high-quality research is needed to verify and improve this theoretical framework, and
575  explore more effective intervention strategies to improve sleep quality and the quality
576  of life in older adults.
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Identification of studies via databases and registers
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(n=79,559)
Not published in English
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Figure 1 PRISMA flowchart of included studies.
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functional disability. In Figure A, the black lines represent the autoregressive effects
of depression and functional disability; the grey lines indicate the residual correlation
between depression and functional disability; al, a2, bl, b2 denote the cross-lagged
effects of depression and functional disability. In Figure B, the black lines represent
the autoregressive effects of depression, sleep patterns, and functional disability; the
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functional disability; al, a2, b1, b2 denote the cross-lagged effects of depression and
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and functional disability; the red dashed line indicates the effect of depression on
functional disability mediated through sleep patterns; and the green dashed line
represents the effect of functional disability on depression mediated through sleep
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852 Table 1 Assessment of methodological limitations.

Appraisal Summary

Study ID Positive/Methodologically Negative/Relatively poor
Unknowns  Over value

sound methodology
The relationship between depression and functional disability
Kivela S.L. et al., 2001 11 3 0 High
S.W.GEERLINGS et al., 2001 12 2 0 High
Brenda W.J.H. Penninx et al., 2001 14 0 0 High
Jingmei JIANG et al., 2002 13 1 0 High
Li Wang et al., 2002 12 2 0 High
Kala M. Mehta et al., 2002 13 1 0 High
Johan Ormel et al., 2002 8 5 1 Medium
Péivi Lampinen et al., 2003 10 3 1 High
Jingmei Jiang et al., 2004 13 1 0 High
SUSAN A. EVERSON -ROSE et al., 2005 10 4 0 Medium
Nicholas P. Emptage et al., 2005 13 1 0 High
Dorothy D. Dunlop et al., 2005 13 1 0 High
Jason Schnittker, 2005 13 1 0 High
YANG YANG et al., 2005 13 1 0 High
Coen H. van Gool et al., 2005 12 2 0 High
Eric J. Lenze et al, 2005 13 1 0 High
F. Curtis Breslin et al., 2006 13 1 0 High
Mathew D. Gayman et al., 2008 4 1 Medium
Naoki Kondo et al., 2008 5 1 Medium
Lydia W. Li et al, 2008 13 1 0 High
Lisa C. Barry et al., 2009 12 2 0 High
Milan Chang et al., 2009 12 2 0 High
Kenneth E. Covinsky et al., 2010 14 0 0 High
Celia F. Hybels et al., 2009 14 0 0 High
Hajime Iwasa et al., 2009 12 2 0 High
Carolyn L. Turvey et al., 2009 9 5 0 Medium
Mark 1. Weinberger et al., 2009 10 4 0 Medium
Luca Dalle Carbonare et al., 2009 14 0 0 High
Mari Kazama et al., 2011 10 3 1 High
Erin Dunne et al., 2011 7 7 0 Medium
Isabelle Carriére et al, 2011 14 0 0 High
Chun-Min Chen et al., 2012 12 2 0 High
Chun-Te Lee et al., 2012 12 2 0 High
Xia Li et al, 2012 11 3 0 High
Ya-Ting Yang et al., 2015 12 2 0 High
Mary Elizabeth Bowen et al, 2015 11 2 1 High
Kathryn L. Bacon et al., 2016 10 3 1 High
Jin-Won Noh et al., 2016 11 2 1 High
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Appraisal Summary

Study ID Positive/Methodologically Negative/Relatively poor
Unknowns  Over value
sound methodology

Takahiro Nakamura et al., 2017 11 2 1 High
YANG YANG, 2016 12 2 0 High
Kathrin Heser et al., 2018 12 2 0 High
He Minfu et al., 2018 13 1 0 High
Juliana Lustosa Torres et al., 2018 14 0 0 High
Dexia Kong et al., 2019 11 2 1 High
Ulrike Dapp et al., 2020 12 2 0 High
Peter A. Coventry et al., 2020 9 5 0 Medium
Rumei Yang et al., 2021 14 0 0 High
Hongting Ning et al., 2021 14 0 0 High
Fan Tian et al., 2022 14 0 0 High
Mengxiao Hu et al., 2023 14 0 0 High
Gina Lee et al., 2023 11 3 0 High
Jiayi Wang et al., 2023 14 0 0 High
Anda Botoseneanu et al., 2023 13 1 0 High
Weihao Wang et al., 2024 14 0 0 High
The relationship between sleep and depression

Lena Mallon et al., 2000 10 2 2 High
Hyong Jin Cho et al., 2008 10 3 1 High
Jae-Min Kim et al., 2009 12 2 0 High
Isabelle Jaussen et al., 2011 13 1 0 High
Misti Paudel et al., 2013 12 1 1 High
Josine G. van Mill et al., 2013 12 1 1 High
Jeanne E Maglione et al., 2014 12 2 0 High
Lydia Poole et al., 2017 14 0 0 High
Marta Jackowska et al., 2017 14 0 0 High
Yujie Li et al., 2017 13 1 0 High
Yankun Sun et al., 2018 14 0 0 High
Michael J. Lietal., 2018 6 5 3 Medium
Rize Jing et al., 2020 14 0 0 High
Tuo-Yu Chen et al, 2021 14 0 0 High
A. A. Kandola et al, 2021 14 0 0 High
Annelies Brouwer et al., 2022 9 4 1 Medium
Pengpid S et al, 2022 13 0 1 High
Jialu Jiang et al., 2024 13 0 1 High
The relationship between sleep and functional disability
Marcela Z. Campanini et al, 2018 14 0 0 High
Mengli Liu et al., 2021 14 0 0 High
Yen-Han Lee et al., 2022 13 1 0 High
Shanshan Yang et al., 2023 11 3 0 High
Qing-Mei Huang et al., 2024 14 0 0 High

44


https://doi.org/10.1101/2025.02.27.25323031
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.02.27.25323031; this version posted April 28, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

Appraisal Summary

Study ID Positive/Methodologically Negative/Relatively poor
sound methodology Unknowns  Over value

The relationship between sleep, depression and functional disability
Jennifer L. Martin et al, 2010 6 6 2 Medium
Tiina Paunio et al, 2015 13 0 1 High
Reviews
Jason E. Schillerstro et al., 2008 8 2 0 High
Joyce T. Bromberger et al., 2009 7 3 0 High
Xin-lin Li et al., 2023 15 2 1 High
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