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The severity of depressive symptoms as a mediator in the sleep-osteoarthritis risk pathway: insights from the ELSA cohort
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Background: Osteoarthritis (OA) is a major cause of disability in middle-aged and older adults, yet its risk factors and mechanisms require further investigation. The connection between sleep disturbances and OA risk remains controversial, with underlying mechanisms unclear. The research aimed to examine the prospective association between sleep quality, sleep duration, and incident OA, and to evaluate whether the severity of depressive symptoms partially mediate this association.

Methods: This analysis included 4,147 ELSA participants aged ≥50 years without baseline OA. Sleep quality (good/intermediate/poor) and duration (short: <7 h, optimal: 7-8 h, long: >8 h) were assessed via questionnaires. The severity of depressive symptoms was measured using the CES-D scale. Incident OA was determined by self-reported physician diagnosis. Multivariable Cox regression modeled associations between sleep (quality/duration) and OA risk. Threshold analysis and restricted cubic splines (RCS) explored the dose–response relationship for sleep duration. Mediation analysis quantified the severity of depressive symptoms’ role in the sleep-OA connection.

Results: During 102 months of follow-up, 1,333 new OA cases were reported. Cox regression showed that intermediate and poor sleep quality significantly increased OA risk (HR = 1.23 and 1.74, respectively). RCS analysis revealed a U-shaped curve, with the lowest OA risk at 8 h of sleep. Short sleep (<7 h) was associated with higher OA risk (HR = 1.21), while long sleep (>8 h) showed no significant association. The severity of depressive symptoms mediated the relationship between both sleep quality and sleep duration with OA risk (mediation proportions: 22.39 and 22.11%, respectively). Sensitivity analyses confirmed result robustness.

Conclusion: Poor sleep quality and short sleep duration are independent risk factors for incident OA in middle-aged and older adults. The severity of depressive symptoms partially mediates this relationship. Maintaining optimal sleep duration (8 h), improving sleep quality, and addressing depressive symptoms may help reduce OA risk.
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1 Introduction

Osteoarthritis (OA) currently affects over 607 million people globally, with 73% of cases occurring in individuals aged 55 and older. The prevalence of OA continues to rise, driven not only by population aging and the obesity epidemic, but also by multiple other factors highlighted in recent evidence, including sedentary lifestyles, joint injuries, metabolic syndrome, poor diet quality, increased life expectancy, and multimorbidity, imposing a substantial public health and socioeconomic burden (1–5). While non-modifiable factors such as genetics contribute to OA susceptibility, modifiable risk factors—including obesity, biomechanical loading, and sleep disturbances—are increasingly recognized as important upstream targets for prevention (6). However, current management primarily focuses on weight control, exercise interventions, analgesics, and end-stage joint replacement, often overlooking non-articular factors—particularly the high prevalence of sleep disturbances as well as depressive symptoms among older adults. These factors can compromise analgesic efficacy, reduce rehabilitation adherence, and accelerate functional decline (7, 8).

Existing epidemiological evidence, predominantly from Asian and North American cohorts, presents relevant but geographically limited findings. Large-scale Chinese studies (CHARLS, CLHLS) associate increased sleep duration with a reduced risk of incident arthritis (9, 10), while short sleep duration (sleep duration of < 5 h per day) as well as poor sleep quality have been related to 38 and 56% increased arthritis risk, respectively (11). US NHANES data further suggest a U-shaped connection between sleep duration and OA, with both short (sleep duration of <7 h per day) and long sleep (sleep duration of ≥9 h per day) associated with approximately 18 and 19% elevated risk (12). Concurrently, depressive symptoms exhibit high comorbidity (20–30%) with both sleep disturbances and OA (13–15). Preclinical and clinical data indicate that depression activates the neuro-endocrine-immune axis (notably HPA-axis/sympathetic activation) and is accompanied by higher circulating IL-6, TNF-α, and CRP (16, 17). Together with the pro-inflammatory effect of sleep disturbance on IL-6/CRP (18), this pathway may mediate the detrimental impact of sleep abnormalities on musculoskeletal tissues (19); in OA, IL-6/TNF-α relate to pain and structural progression (20, 21), and IL-6 signaling promotes cartilage catabolism via MMP-13 and ADAMTS-5 (22, 23).

Recent work includes formal mediation analyses primarily addressing the sleep–depression–pain pathway. For example, in an OA cohort, depressive symptoms mediated the cross-sectional association between sleep disturbance and pain (24); in a longitudinal cohort, insomnia and short sleep predicted incident multisite musculoskeletal pain over 6 years with partial mediation by depressive symptoms (25); and serial pathways via sleep efficiency have been observed for knee OA pain (26). However, most prior studies are cross-sectional, focus on pain severity rather than incident OA, and rarely implement temporally ordered longitudinal mediation, thereby constraining causal inference and generalizability.

To address these gaps, this study leverages five waves of nationally representative longitudinal data from the ELSA. We aim to systematically assess the prospective impact of sleep quality as well as duration on the risk of incident physician-diagnosed OA in middle-aged and older adults. Furthermore, we will employ mediation analysis to investigate the potential mediating role of the severity of depressive symptoms in this connection. Elucidating this modifiable sleep-depression-OA pathway could inform early screening, comprehensive lifestyle interventions, and integrated psycho-orthopaedic preventive strategies, facilitating a shift from a purely “joint-centric” approach toward a holistic model of aging health.



2 Methods


2.1 Study design and population

The prospective cohort research utilized data from the ELSA, a nationally representative panel research tracking multidimensional aspects of health, socioeconomic characteristics, and lifestyles in community-dwelling adults aged 50 years and older (27). In ELSA, participants receive an advance letter, are interviewed in their homes using computer-assisted personal interviewing (CAPI) approximately every two years, and complete a self-completion questionnaire. Wave 4 (2008) was designated as the baseline because it was the first time sleep-related data were assessed. In this analysis, individuals free of OA at Wave 4 (2008/09) were re-contacted and assessed at each biennial wave through Wave 9 (2018/19). Participants free of OA at baseline were rigorously selected and systematically followed through Wave 9. Although ELSA is designed to represent adults aged ≥50 years, cohabiting partners are interviewed irrespective of age. Consequently, a small number of participants aged <50 is present in the Wave-4 dataset. For this study, we pre-specified eligibility as age ≥50 at Wave 4 (2008) to align with the target population and survey weighting, and to ensure comparability of OA risk profiles. Participants aged <50 at Wave 4 were excluded. After applying inclusion as well as exclusion criteria (Figure 1), the final analytical cohort comprised 4,147 community-dwelling adults aged ≥50 years.

[image: Flowchart showing participant selection for a study. Initially, 11,050 participants from ELSA wave 4. Exclusions: age under fifty (301), missing sleep data (439), missing CESD data at wave four (63), osteoarthritis cases (2,198). Resulting in 8,049 participants. Further exclusion for missing osteoarthritis follow-up data (3,902) leading to 4,147 enrolled in the study.]

FIGURE 1
 Research flowchart.




2.2 Assessment of exposures

Sleep quality: sleep quality was evaluated via three items from the modified Jenkins Sleep Questionnaire (difficulty falling asleep, waking up multiple times during the night, waking up feeling tired and exhausted) as well as one global sleep quality question (28, 29). Responses ranged from “not at all in the past month” (score = 1) to “more than three times a week” (score = 4). Total scores (range: 4–16; higher scores indicating worse quality) were categorized into three levels: Poor (≥12), Intermediate (8–11), and Good (4–7).

Sleep duration: self–reported average daily sleep duration (hours) was assessed. Participants were split into three groups: Short sleep (<7 h), Optimal sleep (7–8 h), as well as Long sleep (>8 h) (12, 30–32).



2.3 Mediator

Depressive symptoms were measured via the 8–item CES–D Scale, a widely leveraged and reliable instrument (33). Each “yes” response scored 1 point; each “no” response scored 0. Total scores ranged from 0 to 8, with higher scores indicating greater symptom severity.



2.4 Outcome

The outcome was the self–reported diagnosis of new–onset OA during follow–up. This was determined by asking, “Do you currently have osteoarthritis?” in the current wave and “Have you been diagnosed with osteoarthritis?” in the subsequent wave.



2.5 Covariates

A range of potential confounders that could affect the relationship between sleep and OA were also collected, including participants’ age, sex (male/female), race (White/non–White), education level (below high school/high school/college and above), marital status (Married/partnered vs. Never married/Separated/divorced/Widowed), BMI, smoking status (current smoker/former smoker/non–smoker), alcohol frequency (≥1 time/week vs. <1 time/week), physical activity level (moderate or vigorous exercise at least once a week: high/low), and chronic comorbidities including hypertension, diabetes, coronary heart disease (CHD), hyperlipidemia, and high cholesterol (yes/no). To maintain the integrity of the data, missing data were imputed via multiple imputations. The missing data proportions are shown in Supplementary Table 1.



2.6 Statistical analysis

Descriptive statistics were used to summarize the data, with variables reported as means ± standard deviations (SD), medians (interquartile range), or frequencies as well as percentages, depending on the data type. Chi–square tests were leveraged to analyze categorical variables, and one–way ANOVA or the Kruskal–Wallis test was leveraged to evaluate continuous variables with non–normal distribution. Missing covariate data were imputed using the R package mice with a random forest–based multiple imputation (MI) approach. Five imputed datasets (m = 5) were generated with 20 iterations to ensure algorithmic convergence. The results from these datasets were subsequently combined using Rubin’s rules to account for both within- and between-imputation variability.

Multivariable Cox proportional hazards regression models were leveraged to analyze the connection between sleep quality/sleep duration (as core independent variables) and OA risk (as a binary dependent variable: occurrence/not occurrence), while adjusting for potential confounders. The hazard ratios (HR) and 95% CI were calculated to assess the strength of the connection between sleep and OA risk. Proportional hazard assumption was examined using Schoenfeld residual methods. The Bonferroni correction used to adjust for multiple comparisons, the significance level was set at 0.025 (0.05 divided by 2 comparisons). The model construction followed a progressive adjustment strategy:


Model 1: Only sleep quality or sleep duration (unadjusted model).
Model 2: Adjusted for demographic variables (age, sex, race, marital status, education level).
Model 3: Fully adjusted for multidimensional covariates, including age, sex, race, marital status, education level, BMI (continuous variable), smoking status, alcohol frequency, physical activity level (high/low), as well as chronic disease status including hypertension, diabetes, CHD, hyperlipidemia, and high cholesterol (yes/no).


To explore the heterogeneity of associations, stratified subgroup analyses were conducted based on key demographic characteristics and lifestyle factors: age (50–64 years vs. ≥65 years), sex (male/female), education level (low/medium/high), marital status (married/cohabiting vs. single/divorced/widowed), BMI (<30 kg/m2 vs. ≥30 kg/m2), smoking status (current smoker/former smoker/non–smoker), and alcohol frequency (≥1 time/week vs. <1 time/week). Kaplan–Meier curves were plotted to assess the cumulative incidence of OA, as well as the log–rank test was used to evaluate survival curve differences between sleep quality and sleep duration groups.

Causal mediation analysis was conducted using the “mediation” package in R, to evaluate the mediating role of depressive symptoms in the relationship between sleep quality score and sleep duration with OA. The analysis was adjusted for gender, age, education level, marital status, smoking, alcohol, physical activity, BMI, as well as major chronic diseases (hypertension, diabetes, cardiovascular diseases, hyperlipidemia). Mediation effects were considered significant if the total effect of sleep on OA (path c) was significant, the effect of sleep on depressive symptoms (path a) was significant, and the effect of depressive symptoms on OA (path b) was significant. The indirect effect (a × b) with a 95% Bootstrap confidence interval (1,000 resampling) not containing 0 was considered evidence of mediation. The proportion mediated (PM) of the total effect was reported. All statistical analyses were conducted via R 4.4.3 software with a two-sided significance level of α = 0.05.




3 Results


3.1 Baseline characteristics

A total of 4,147 participants were included in this study, with a mean age of 62.62 (±7.74) years. Of these, 46.88% were male. Regarding sleep quality, 1,688 participants (40.70%) had good sleep quality, 1,743 (42.03%) had moderate sleep quality, and 716 (17.27%) had poor sleep quality (Table 1).


TABLE 1 Baseline characteristics of study populations across sleep quality.


	Variable
	Levels
	N
	Overall
	Good
	Intermediate
	Poor
	p-value



	N = 4,147
	N = 1,688
	N = 1,743
	N = 716

 

 	Age, mean (sd) 	 	4,147 	62.62 (7.74) 	62.51 (7.75) 	63.09 (7.78) 	61.72 (7.55) 	<0.001


 	BMI, mean (sd) 	 	4,147 	28.04 (4.92) 	27.79 (4.75) 	28.08 (4.87) 	28.53 (5.40) 	0.024


 	CESD, mean (sd) 	 	4,147 	1.06 (1.65) 	0.46 (1.04) 	1.01 (1.49) 	2.60 (2.15) 	<0.001


 	Follow–up duration (months), mean (sd) 	 	4,147 	102.11 (33.64) 	105.90 (31.06) 	101.52 (34.06) 	94.61 (36.97) 	<0.001


 	Gender, n (p %) 	 	4,147 	 	 	 	 	<0.001


 	Female 	 	2,203.00 (53.12%) 	763.00 (45.20%) 	956.00 (54.85%) 	484.00 (67.60%) 	


 	Male 	 	1,944.00 (46.88%) 	925.00 (54.80%) 	787.00 (45.15%) 	232.00 (32.40%) 	


 	Race, n (p %) 	 	4,147 	 	 	 	 	0.005


 	Non–white 	 	124.00 (2.99%) 	65.00 (3.85%) 	35.00 (2.01%) 	24.00 (3.35%) 	


 	White 	 	4,023.00 (97.01%) 	1,623.00 (96.15%) 	1,708.00 (97.99%) 	692.00 (96.65%) 	


 	Marital, n (p %) 	 	4,147 	 	 	 	 	<0.001


 	Married/partnered 	 	3,174.00 (76.54%) 	1,342.00 (79.50%) 	1,340.00 (76.88%) 	492.00 (68.72%) 	


 	Never married/Separated/divorced/Widowed 	 	973.00 (23.46%) 	346.00 (20.50%) 	403.00 (23.12%) 	224.00 (31.28%) 	


 	Education, n (p %) 	 	4,147 	 	 	 	 	<0.001


 	Below high school 	 	1,207.00 (29.11%) 	457.00 (27.07%) 	491.00 (28.17%) 	259.00 (36.17%) 	


 	College or above 	 	1,960.00 (47.26%) 	858.00 (50.83%) 	827.00 (47.45%) 	275.00 (38.41%) 	


 	High school 	 	980.00 (23.63%) 	373.00 (22.10%) 	425.00 (24.38%) 	182.00 (25.42%) 	


 	Smoke, n (p %) 	 	4,147 	 	 	 	 	0.009


 	Former 	 	433.00 (10.44%) 	180.00 (10.66%) 	178.00 (10.21%) 	75.00 (10.47%) 	


 	No 	 	3,207.00 (77.33%) 	1,301.00 (77.07%) 	1,379.00 (79.12%) 	527.00 (73.60%) 	


 	Yes 	 	507.00 (12.23%) 	207.00 (12.26%) 	186.00 (10.67%) 	114.00 (15.92%) 	


 	Drink, n (p %) 	 	4,147 	 	 	 	 	<0.001


 	< Once a week 	 	1,635.00 (39.43%) 	586.00 (34.72%) 	690.00 (39.59%) 	359.00 (50.14%) 	


 	> = Once a week 	 	2,512.00 (60.57%) 	1,102.00 (65.28%) 	1,053.00 (60.41%) 	357.00 (49.86%) 	


 	Diabetes, n (p %) 	 	4,147 	 	 	 	 	0.031


 	No 	 	3,786.00 (91.29%) 	1,561.00 (92.48%) 	1,586.00 (90.99%) 	639.00 (89.25%) 	


 	Yes 	 	361.00 (8.71%) 	127.00 (7.52%) 	157.00 (9.01%) 	77.00 (10.75%) 	


 	High cholesterol, n (p %) 	 	4,147 	 	 	 	 	<0.001


 	No 	 	3,029.00 (73.04%) 	1,301.00 (77.07%) 	1,246.00 (71.49%) 	482.00 (67.32%) 	


 	Yes 	 	1,118.00 (26.96%) 	387.00 (22.93%) 	497.00 (28.51%) 	234.00 (32.68%) 	


 	Cancer, n (p %) 	 	4,147 	 	 	 	 	0.020


 	No 	 	3,875.00 (93.44%) 	1,599.00 (94.73%) 	1,611.00 (92.43%) 	665.00 (92.88%) 	


 	Yes 	 	272.00 (6.56%) 	89.00 (5.27%) 	132.00 (7.57%) 	51.00 (7.12%) 	


 	CHD, n (p %) 	 	4,147 	 	 	 	 	0.002


 	No 	 	3,922.00 (94.57%) 	1,621.00 (96.03%) 	1,634.00 (93.75%) 	667.00 (93.16%) 	


 	Yes 	 	225.00 (5.43%) 	67.00 (3.97%) 	109.00 (6.25%) 	49.00 (6.84%) 	


 	Hypertension, n (p %) 	 	4,147 	 	 	 	 	0.138


 	No 	 	2,229.00 (53.75%) 	937.00 (55.51%) 	923.00 (52.95%) 	369.00 (51.54%) 	


 	Yes 	 	1,918.00 (46.25%) 	751.00 (44.49%) 	820.00 (47.05%) 	347.00 (48.46%) 	


 	OA, n (p %) 	 	4,147 	 	 	 	 	<0.001


 	No 	 	2,814.00 (67.86%) 	1,252.00 (74.17%) 	1,167.00 (66.95%) 	395.00 (55.17%) 	


 	Yes 	 	1,333.00 (32.14%) 	436.00 (25.83%) 	576.00 (33.05%) 	321.00 (44.83%) 	




 



3.2 Association between sleep quality/duration and OA

When sleep quality score was analyzed as a continuous variable, a significant negative correlation with OA risk was observed in unadjusted, partially adjusted, and fully adjusted models: Hazard ratios (HR) and 95% confidence intervals (CI) were 1.08 (1.06–1.10), 1.07 (1.05–1.09), and 1.06 (1.05–1.08), respectively (Table 2). When sleep quality was treated as a categorical variable, a consistent trend was observed: after full adjustment, the risk of OA in the moderate sleep quality group was 23% higher than in the good sleep quality group (HR = 1.23, 95% CI: 1.09–1.40), and the risk in the poor sleep quality group was 74% higher (HR = 1.74, 95% CI: 1.50–2.02), with a significant dose–response trend (P for trend < 0.001).


TABLE 2 Cox proportional hazards estimates for the association of sleep quality and sleep duration with incident OA.


	Variables
	Model 1
	
	Model 2
	
	Model 3



	HR (95%CI)
	P
	HR (95%CI)
	P
	HR (95%CI)
	P

 

 	Sleep quality scores 	1.08 (1.06 ~ 1.10) 	<0.001 	 	1.07 (1.05 ~ 1.09) 	<0.001 	 	1.06 (1.05 ~ 1.08) 	<0.001


 	Sleep quality 	 	 	 	 	 	 	 	


 	Good 	1.00 (Reference) 	 	 	1.00 (Reference) 	 	 	1.00 (Reference) 	


 	Intermediate 	1.34 (1.18 ~ 1.51) 	<0.001 	 	1.26 (1.11 ~ 1.43) 	<0.001 	 	1.23 (1.09 ~ 1.40) 	0.001


 	Poor 	1.98 (1.71 ~ 2.28) 	<0.001 	 	1.81 (1.56 ~ 2.10) 	<0.001 	 	1.74 (1.50 ~ 2.02) 	<0.001


 	P for trend 	 	<0.001 	 	 	<0.001 	 	 	<0.001


 	Sleep duration 	0.88 (0.84 ~ 0.92) 	<0.001 	 	0.88 (0.85 ~ 0.92) 	<0.001 	 	0.89 (0.85 ~ 0.93) 	<0.001


 	Ideal sleep (7–8 h) 	1.00 (Reference) 	 	 	1.00 (Reference) 	 	 	1.00 (Reference) 	


 	Short sleep (<7 h) 	1.28 (1.15 ~ 1.43) 	<0.001 	 	1.25 (1.12 ~ 1.40) 	<0.001 	 	1.21 (1.08 ~ 1.36) 	0.001


 	Long sleep (>8 h) 	1.08 (0.86 ~ 1.37) 	0.508 	 	0.98 (0.77 ~ 1.24) 	0.838 	 	0.96 (0.76 ~ 1.22) 	0.737





Good sleep quality = Reference, Ideal sleep = Reference. HR, Hazard Ratio; CI, Confidence Interval; OA, Osteoarthritis; CHD, Coronary Heart Disease; BMI, Body Mass Index. Model 1: Crude. Model 2: Adjust: age, sex, race, marital status, education level. Model 3: Adjust: age, sex, race, marital status, education level, BMI, smoking status, alcohol frequency, physical activity level, as well as chronic disease status including hypertension, diabetes, CHD, hyperlipidemia, and high cholesterol. The bolded values indicate that the p-values are less than 0.05.
 

Analysis of sleep duration showed that, overall, prolonged sleep was negatively related with OA risk (HR = 0.89, 95% CI: 0.85–0.93). In categorical comparisons, the short sleep group (<7 h) had a 21% higher risk (HR = 1.21, 95% CI: 1.08–1.36), while the long sleep group (>8 h) showed no significant change in risk. Restricted cubic spline (RCS) models (Figure 2) and threshold analysis (Supplementary Table 2) showed a non–linear connection between sleep duration and OA risk (overall p < 0.001, non–linear p < 0.01), with 8 h as the risk turning point: sleep duration of <8 h remarkably reduced the risk (HR = 0.85, 95% CI: 0.81–0.89), whereas >8 h increased the risk by 20% (HR = 1.20, 95% CI: 1.02–1.42). Cumulative incidence analysis for different sleep quality/duration groups showed trends similar to the main findings (Figure 3).

[image: RCS Prediction Plot showing the relationship between sleep duration and hazard ratio with 95% confidence intervals. The plot includes a line with shaded confidence intervals, a vertical line at sleep duration eight, and a histogram depicting distribution. P for overall significance is less than 0.001 and P for nonlinearity is 0.002. The x-axis represents sleep duration, and the y-axis represents the hazard ratio and frequency.]

FIGURE 2
 The RCS curve of the association between sleep duration and OA.


[image: Two line graphs depict cumulative hazard over time, measured in months, with a log-rank p-value less than 0.001. The left graph compares sleep quality—good, intermediate, poor—showing distinct hazard levels. The right graph compares sleep duration—seven to eight hours, less than seven, more than eight hours—reflecting varying hazard levels. Beneath each graph, tables indicate the number at risk across corresponding categories.]

FIGURE 3
 Kaplan–Meier curves for the cumulative incidence of OA.




3.3 Mediating role of depressive symptoms

Furthermore, a mediation analysis was conducted to explore the mediating effect of depressive symptoms. Figure 4 showed the mediating role of depressive symptoms in the relationship between sleep duration and OA. Depressive symptoms significantly mediated the association between sleep duration and OA, explaining 22.11% of the connection (p < 0.05). Additionally, we performed mediation analysis on the effect of depressive symptoms in the connection between sleep duration and OA. As shown in Figure 3, depressive symptoms explained 22.39% of the association.

[image: Diagram illustrating mediation models A and B. Model A shows sleep duration influencing OA through depressive symptoms, with an average causal mediation effect (ACME) of -2.863 and a total effect of 12.79. Model B shows sleep quality score influencing OA through depressive symptoms, with an ACME of -3.95 and a total effect of -17.77. Both models show significant mediation proportions around 22 percent. Adjustments include factors like gender, race, smoking, drinking, diabetes, high cholesterol, cancer, CHD, hypertension, education, marital status, physical activity, age, and BMI.]

FIGURE 4
 Mediation effects of depressive symptom on the association between sleep duration/sleep quality and OA.




3.4 Subgroup analyses

Subgroup analyses assessed the connection of sleep quality score as well as sleep duration with OA risk across key demographic and lifestyle strata (Figures 5, 6). The detrimental effects of poor sleep quality as well as short sleep duration on OA risk were largely consistent across most subgroups. However, a significant interaction was observed for marital status in the connection between sleep quality and OA risk.

[image: Forest plot showing subgroup COX regression analysis for sleep quality scores across various variables: age, gender, race, marital status, education, smoking status, drinking frequency, and BMI. Hazard ratios (HR) with confidence intervals and p-values are presented, with points and error bars indicating statistical significance. The plot displays interactions for each subgroup variable.]

FIGURE 5
 The association between sleep quality and OA in different subgroups.


[image: Forest plot displaying subgroup COX regression analysis for sleep duration across various variables: age, gender, race, marital status, education, smoking, drinking, and BMI. Hazard ratios (HR), confidence intervals, and p-values are shown for each subgroup. Interaction p-values are listed, with significant interactions marked where p-values are less than 0.05. Confidence intervals are depicted with error bars, indicating the effect sizes and their precision.]

FIGURE 6
 The association between sleep duration and OA in different subgroups.




3.5 Sensitivity analyses

To verify the robustness of the results, two sensitivity analyses were performed: (1) we conducted a multivariable logistic regression analysis to assess the association between baseline sleep quality/duration and new–onset OA, adjusting for the same variables as in the Cox model (Supplementary Table 3); (2) to exclude reverse causality, OA cases from the first follow–up wave were removed, yielding similar results, which confirmed the robustness of the findings (Supplementary Table 4).




4 Discussion

The results of this study indicate that after adjusting for multiple confounders, compared to those with good sleep quality, individuals with moderate or poor sleep quality have a significantly increased risk of developing OA. There is a non–linear association between sleep duration and OA risk, exhibiting a “U–shaped” curve, with threshold analysis revealing that 8 h of sleep is associated with the lowest risk. Compared to the ideal sleep duration (7–8 h), shorter sleep (<7 h) is significantly associated with an increased risk of OA, while longer sleep durations show no significant association. Further mediation analysis indicates that depressive symptoms play a significant partial mediating role in the connection between sleep quality, sleep duration, and OA risk. Sensitivity analysis confirmed the robustness of the results. This suggests that maintaining an optimal sleep duration of 8 h, improving sleep quality, and addressing and managing depressive symptoms may help reduce the risk of OA in middle–aged and older adults.

This effect size aligns with the findings from the CHARLS cohort in China, which reported that short sleep (<6 h) increases the risk of knee OA by 72%, and the risk of OA is 88% higher among individuals with sleep disturbances occurring ≥5 days per week (10). It also corresponds with the CLHLS follow–up study, which showed that short sleep (<5 h) as well as poor sleep quality increase the incidence of OA by 56 and 38%, respectively (11). The NHANES data from the United States indicates a “U–shaped” connection between sleep duration and OA, with both short (<7 h) and long sleep associated with an 18–19% increased risk (12). Another 2024 Chinese prospective study found that each IQR increase in sleep duration could reduce the risk of new–onset OA by 16% (9). Additionally, Nordic primary care registry data show that 64–68% of knee/hip OA patients experience sleep problems, and 17–20% meet the criteria for insomnia (6), further highlighting the high comorbidity of sleep disorders. In terms of mental health, the CHARLS cohort presented a bidirectional relationship: knee OA predicts depression (HR = 1.38), and depression also predicts OA (HR = 1.51) (34). The OAI study found that mild depressive symptoms could accelerate the progression of early knee OA to joint replacement (35). Moreover, although Parmelee et al. did not conduct a formal mediation analysis, they observed—among 367 patients with physician-diagnosed knee osteoarthritis—that depressive symptoms appear to play an important role in the sleep–pain relationship, particularly at higher levels of pain severity (24).

Although our findings align with several large studies, effect sizes are not directly comparable. First, sleep measurement and thresholds are heterogeneous: cohorts use different cut-points for “short sleep” [e.g., <5 h (11), <6 h (10), <7 h (12)]. Although professional consensus recommends ≥7 h/night for adults (36), guideline targets do not necessarily coincide with analytic cut-points; moreover, sleep duration is typically self-reported, inviting non-differential measurement error that likely attenuates true effects. Second, outcome definitions differ: some studies analyse prevalence/progression or broad “arthritis,” rather than incident OA (11); in addition, knee and hip OA differ systematically in epidemiology and natural history/biology (biomechanics, susceptibility phenotypes, prognosis), precluding simple pooling (37). Third, study design and confounder control vary: several database analyses are cross-sectional, limiting temporal inference (12); even in prospective cohorts, objective sleep and repeated measures are often unavailable, and adjustment for physical activity, occupational/biomechanical load, adiposity, and comorbidity is inconsistent (11). Fourth, statistical implementation and reporting are non-uniform: ORs and HRs are mixed, adjustment sets differ, and tests for proportional hazards and competing risks are inconsistently reported—each affecting magnitude and interpretation (38, 39). Fifth, self-report misclassification likely biases toward the null: agreement between self-reported/clinical OA and radiographic OA is only moderate, and non-differential misclassification of binary variables typically attenuates associations (40, 41). Accordingly, while directional consistency across datasets is noteworthy, estimates should be interpreted cautiously within this heterogeneous methodological landscape.

Distinct from prior work centered on symptoms or function (e.g., sleep–pain links often interpreted via coefficient attenuation), our study addresses disease onset using time-to-event models and a counterfactual mediation approach, quantifying a partial mediation (22%) by depressive symptoms. This frames a modifiable pathway integrating sleep and mood into OA pathogenesis. Practically, the findings support concurrent management of sleep disturbance (e.g., CBT-I, circadian hygiene) and depressive symptoms (collaborative care, psychotherapy, activity prescription) in at-risk older adults to attenuate the indirect pathway—while recognizing that the 22% pertains to the HR scale and is not an absolute risk reduction, and that confirmatory pragmatic trials are needed.

Impaired sleep activates the hypothalamic–pituitary–adrenal axis (HPA) and sympathetic nerves, disrupts circadian rhythms, and is paralleled by upregulation of systemic inflammation (42–44). Multiple studies have shown that sleep disorders and/or abnormal sleep duration are associated with elevated interleukin-6 (IL-6) and C-reactive protein (CRP) (18), as well as consistently elevated IL-6/CRP in depressed populations (17, 18), suggesting that inflammatory response systems are activated and may be superimposed on abnormal sleep. Activated and may be superimposed on sleep abnormalities. Meanwhile, experimental and translational studies have demonstrated that IL-6 promotes MMP-13/ADAMTS-5 expression in chondrocytes (45) and reduces proteoglycan and type II collagen (21), and that systemic or localized blockade of IL-6/STAT3 attenuates cartilage destruction in models such as DMM (17, 46, 47); injection of IL-6 into the joint cavity induced cartilage degradation accompanied by upregulation of catabolic factors such as Mmp13 (22). In addition, sleep fragmentation and circadian dislocation are often accompanied by decreased nocturnal melatonin secretion (48–50); and melatonin can be induced by SIRT1-NF-κB (51), miR-146a/NRF2/HO-1 (52, 53), IRE1α-XBP1S-CHOP (54), PI3K/Akt and ERK (55) pathways exerted anti-inflammatory, antioxidant and rhythmic homeostasis maintenance, and protective effects on cartilage and subchondral bone, and the related interventions suppressed inflammation and matrix degradation in cellular and animal models (56). Thus, “HPA activation-cytokine upregulation-melatonin deficiency” constitutes a core biological pathway that points from sleep impairment to joint degeneration, and provides the basis for subsequent mechanisms (oxidative stress and reactive oxygen species) (57), epigenetic imbalances (58–60), gut-joint axis perturbations (61), subchondral β₂-adrenergic remodeling (62), and IDO-1/kynurenine metabolism imbalances (63, 64).

On top of that spine, depressive symptoms play a dual mediating role. In addition to the mediating role at the biological level mentioned above, depression is an important influencer at the behavioral level. Depression is associated with worsened sleep hygiene (prolonged sleep onset latency, daytime catch-up/rhythm disruption) (65–67), decreased physical activity (68, 69) with increased sedentariness (70), and nociception Catastrophising/negative mood hypersensitivity (71), amplifying the same-day and long-term effects of “poor sleep → high pain” (72, 73), and partially mediating depression in both OA and the general population (25, 74).

However, this study also has limitations: First, OA was self-reported. Relative to radiographic/clinical criteria, self-report generally shows high specificity but lower sensitivity, implying likely non-differential misclassification of incident OA that would bias associations toward the null. Second, measurement of sleep quality and depressive symptoms relied on questionnaires; lack of accelerometry/multichannel sleep monitoring, imaging-confirmed OA, and inflammatory/hormonal biomarkers limits mechanistic inference. Third, although we prespecified adjustment for major confounders, residual confounding (e.g., time-varying physical activity, early undiagnosed OA, analgesic use, care-seeking) cannot be excluded. Fourth, temporality: exposures and the mediator were assessed at baseline; we did not model time-varying trajectories, and protopathic effects are possible if subclinical OA affected sleep before clinical recognition. We mitigated this by excluding baseline OA and using incident events, but latency remains a consideration. Fifth, selection processes may affect generalizability: design-based exclusions (e.g., age <50), missing key measures, and wave-to-wave attrition from Wave 4 to the analytic cohort could introduce selection bias; multiple imputation addressed item missingness in covariates but does not remedy unit attrition. Population-level inferences should therefore be interpreted with caution. Future studies using survey weighting or inverse-probability-of-attrition weighting and, where feasible, linkage to administrative/registry data and repeated exposure/mediator measurements are warranted.

To address these limitations, future work should: (1) validate self-reported OA against radiographic/clinical standards and calibrate misclassification; (2) embed objective sleep (actigraphy/PSG), repeated measures of depression, and biomarkers (IL-6, CRP, cortisol, melatonin); (3) strengthen causal inference via prespecified DAGs, counterfactual mediation, and g-methods, with PH diagnostics and sensitivity analyses; (4) mitigate selection/temporality using survey/IPW weights, registry linkage, and lagged/landmark designs; and (5) test translation in pragmatic or factorial/SMART trials of combined sleep and depression management targeting the 22% mediated pathway, including cost-effectiveness and implementation outcomes.



5 Conclusion

In the ELSA cohort of middle–aged and older adults, poor sleep quality and insufficient sleep duration are independent risk factors for the onset of OA. Depressive symptoms partially mediate the association between sleep disturbances (both quality and duration) and increased OA risk. The findings suggest that maintaining an optimal sleep duration of 8 h, improving sleep quality, and addressing and managing depressive symptoms may help reduce OA incidence in middle–aged and older adults.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.



Author contributions

JW: Conceptualization, Formal analysis, Methodology, Visualization, Writing – original draft. LD: Data curation, Methodology, Writing – original draft. XD: Methodology, Writing – original draft. LC: Validation, Writing – original draft. ZC: Formal analysis, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

The authors are grateful to the ELSA researchers and the UK Data Service for making the ELSA data available online freely. We also would like to thank all the survey participants who provided these data.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1676763/full#supplementary-material



References
	 1. Wu,R, Guo,Y, Chen,Y, and Zhang,J. Osteoarthritis burden and inequality from 1990 to 2021: a systematic analysis for the global burden of disease study 2021. Sci Rep. (2025) 15:8305. doi: 10.1038/s41598-025-93124-z 
	 2. Li,H-Z, Liang,X-Z, Sun,Y-Q, Jia,H-F, Li,J-C, and Li,G. Global, regional, and national burdens of osteoarthritis from 1990 to 2021: findings from the 2021 global burden of disease study. Front Med. (2024) 11:1476853. doi: 10.3389/fmed.2024.1476853 
	 3. Zhang,S, Wang,D, Zhao,J, Zhao,H, Xie,P, Zheng,L , et al. Metabolic syndrome increases osteoarthritis risk: findings from the UK biobank prospective cohort study. BMC Public Health. (2024) 24:233. doi: 10.1186/s12889-024-17682-z 
	 4. Li,X, Wang,S, Liu,W, Wu,H, and Zhu,Y. Causal effect of physical activity and sedentary behaviors on the risk of osteoarthritis: a univariate and multivariate mendelian randomization study. Sci Rep. (2023) 13:19410. doi: 10.1038/s41598-023-46984-2
	 5. Dell’Isola,A, Recenti,F, Englund,M, and Kiadaliri,A. Twenty-year trajectories of morbidity in individuals with and without osteoarthritis. RMD Open. (2024) 10:e004164. doi: 10.1136/rmdopen-2024-004164
	 6. Thorlund,JB, Skarpsno,ES, Vestergaard,JJ, Skou,ST, Grønne,DT, Roos,EM , et al. Sleep problems and insomnia are common and associated with pain intensity, number of comorbidities and analgesic use in patients with knee and hip osteoarthritis: a cross-sectional study using data from the good life with osteoarthritis in Denmark (GLA:D®) registry. Rheumatol Int. (2025) 45:123. doi: 10.1007/s00296-025-05878-4 
	 7. Wang,S-T, and Ni,G-X. Depression in osteoarthritis: current understanding. Neuropsychiatr Dis Treat. (2022) 18:375–89. doi: 10.2147/NDT.S346183 
	 8. Huang,Y, and Fleury,J. Socially-supported sleep in older adults aged 50 and older: a concept analysis. Front Public Health. (2024) 12:1364639. doi: 10.3389/fpubh.2024.1364639 
	 9. Shang,Q, Zhou,J, Yao,J, Feng,C, Lou,H, and Cong,D. Sleep duration and the risk of new-onset arthritis in middle-aged and older adult population: results from prospective cohort study in China. Front Public Health. (2024) 12:1321860. doi: 10.3389/fpubh.2024.1321860 
	 10. Zhou,S, Wu,L, Si,H, Li,M, Liu,Y, and Shen,B. Association between nighttime sleep duration and quality with knee osteoarthritis in middle-aged and older Chinese: a longitudinal cohort study. Arch Gerontol Geriatr. (2024) 118:105284. doi: 10.1016/j.archger.2023.105284 
	 11. Wu,H, Yuan,X, and Fu,Q. Relationship between sleep quality and duration and the incidence rate of arthritis: a prospective cohort study. Medicine. (2024) 103:e39641. doi: 10.1097/MD.0000000000039641 
	 12. Ma,G, Xu,B, Wang,Z, Duan,W, Chen,X, Zhu,L , et al. Non-linear association of sleep duration with osteoarthritis among U.S. middle-aged and older adults. BMC Public Health. (2024) 24:3565. doi: 10.1186/s12889-024-21140-1 
	 13. Yang,J-J, Cai,H, Xia,L, Nie,W, Zhang,Y, Wang,S , et al. The prevalence of depressive and insomnia symptoms, and their association with quality of life among older adults in rural areas in China. Front Psych. (2021) 12:727939. doi: 10.3389/fpsyt.2021.727939 
	 14. Merry Del Val,B, Shukla,SR, Oduoye,MO, Nsengiyumva,M, Tesfaye,T, and Glinkowski,WM. Prevalence of mental health disorders in knee osteoarthritis patients: a systematic review and meta-analysis. Ann Med Surg (Lond). (2024) 86:4705–13. doi: 10.1097/MS9.0000000000002258 
	 15. Zhang,M, Li,H, Li,Q, Yang,Z, Deng,H, Xu,Y , et al. Osteoarthritis with depression: mapping publication status and exploring hotspots. Front Psychol. (2024) 15:1457625. doi: 10.3389/fpsyg.2024.1457625 
	 16. Menke,A. The HPA axis as target for depression. Curr Neuropharmacol. (2024) 22:904–15. doi: 10.2174/1570159X21666230811141557 
	 17. Osimo,EF, Pillinger,T, Rodriguez,IM, Khandaker,GM, Pariante,CM, and Howes,OD. Inflammatory markers in depression: a meta-analysis of mean differences and variability in 5,166 patients and 5,083 controls. Brain Behav Immun. (2020) 87:901–9. doi: 10.1016/j.bbi.2020.02.010 
	 18. Irwin,MR, Olmstead,R, and Carroll,JE. Sleep disturbance, sleep duration, and inflammation: a systematic review and meta-analysis of cohort studies and experimental sleep deprivation. Biol Psychiatry. (2016) 80:40–52. doi: 10.1016/j.biopsych.2015.05.014 
	 19. Zambelli,Z, Halstead,EJ, Fidalgo,AR, and Dimitriou,D. Good sleep quality improves the relationship between pain and depression among individuals with chronic pain. Front Psychol. (2021) 12:668930. doi: 10.3389/fpsyg.2021.668930 
	 20. Larsson,S, Englund,M, Struglics,A, and Lohmander,LS. Interleukin-6 and tumor necrosis factor alpha in synovial fluid are associated with progression of radiographic knee osteoarthritis in subjects with previous meniscectomy. Osteoarthr Cartil. (2015) 23:1906–14. doi: 10.1016/j.joca.2015.05.035 
	 21. Wiegertjes,R, van de Loo,FAJ, and Blaney Davidson,EN. A roadmap to target interleukin-6 in osteoarthritis. Rheumatology. (2020) 59:2681–94. doi: 10.1093/rheumatology/keaa248 
	 22. Ryu,J-H, Yang,S, Shin,Y, Rhee,J, Chun,C-H, and Chun,J-S. Interleukin-6 plays an essential role in hypoxia-inducible factor 2α-induced experimental osteoarthritic cartilage destruction in mice. Arthritis Rheum. (2011) 63:2732–43. doi: 10.1002/art.30451 
	 23. Jiang,L, Lin,J, Zhao,S, Wu,J, Jin,Y, Yu,L , et al. ADAMTS5 in osteoarthritis: biological functions, regulatory network, and potential targeting therapies. Front Mol Biosci. (2021) 8:703110. doi: 10.3389/fmolb.2021.703110 
	 24. Parmelee,PA, Tighe,CA, and Dautovich,ND. Sleep disturbance in osteoarthritis: linkages with pain, disability, and depressive symptoms. Arthritis Care Res. (2015) 67:358–65. doi: 10.1002/acr.22459 
	 25. Generaal,E, Vogelzangs,N, Penninx,BWJH, and Dekker,J. Insomnia, sleep duration, depressive symptoms, and the onset of chronic multisite musculoskeletal pain. Sleep. (2016) 40:zsw030. doi: 10.1093/sleep/zsw030 
	 26. Huber,FA, Gonzalez,C, Kusko,DA, Mickle,A, Sibille,KT, Redden,DT , et al. Neighborhood disadvantage and knee osteoarthritis pain: do sleep and catastrophizing play a role? Arthritis Care Res. (2024) 77:95–103. doi: 10.1002/acr.25458
	 27. Steptoe,A, Breeze,E, Banks,J, and Nazroo,J. Cohort profile: the English longitudinal study of ageing. Int J Epidemiol. (2012) 42:1640–8. doi: 10.1093/ije/dys168 
	 28. Jenkins,CD, Stanton,B-A, Niemcryk,SJ, and Rose,RM. A scale for the estimation of sleep problems in clinical research. J Clin Epidemiol. (1988) 41:313–21. doi: 10.1016/0895-4356(88)90138-2 
	 29. Song,Y, Chang,Z, Song,C, Cui,K, Yuan,S, Qiao,Z , et al. Association of sleep quality, its change and sleep duration with the risk of type 2 diabetes mellitus: findings from the English longitudinal study of ageing. Diabetes Metab Res Rev. (2023) 39:e3669. doi: 10.1002/dmrr.3669 
	 30. Lei,S, Liu,Z, and Li,H. Sleep duration and age-related macular degeneration: a cross-sectional and mendelian randomization study. Front Aging Neurosci. (2023) 15:1247413. doi: 10.3389/fnagi.2023.1247413 
	 31. Cai,D, Zeng,Y, Chen,M, Zhong,Y, Quan,Y, Ye,M , et al. Association between sleep duration and disability in activities of daily living among Chinese older adults: a nationwide observational study. Front Public Health. (2025) 13:1580101. doi: 10.3389/fpubh.2025.1580101 
	 32. Yang,L, Du,J, Duan,Y, Cui,Y, Qi,Q, Liu,Z , et al. Persistently short or long sleep duration increases the risk of sensory impairment in Chinese older adults. Front Public Health. (2024) 12:1329134. doi: 10.3389/fpubh.2024.1329134 
	 33. Missinne,S, Vandeviver,C, Van de Velde,S, and Bracke,P. Measurement equivalence of the CES-D 8 depression-scale among the ageing population in eleven European countries. Soc Sci Res. (2014) 46:38–47. doi: 10.1016/j.ssresearch.2014.02.006 
	 34. Lu,H, Wang,L, Zhou,W, Jin,S, Chen,H, Su,Y , et al. Bidirectional association between knee osteoarthritis and depressive symptoms: evidence from a nationwide population-based cohort. Bmc Musculoskel Dis. (2022) 23:213. doi: 10.1186/s12891-022-05137-8 
	 35. Bensa,A, Bianco Prevot,L, Piano,A, Peretti,GM, and Filardo,G. Depressive symptoms influence progression to total knee arthroplasty in patients with early knee osteoarthritis: evidence from the osteoarthritis initiative database. J Exp Orthop. (2025) 12:e70355. doi: 10.1002/jeo2.70355 
	 36. Watson,NF, Badr,MS, Belenky,G, Bliwise,DL, Buxton,OM, Buysse,D , et al. Recommended amount of sleep for a healthy adult: a joint consensus statement of the American academy of sleep medicine and sleep research society. Sleep. (2015) 38:843–4. doi: 10.5665/sleep.4716 
	 37. Hall,M, van der Esch,M, Hinman,RS, Peat,G, de Zwart,A, Quicke,JG , et al. How does hip osteoarthritis differ from knee osteoarthritis? Osteoarthr Cartil. (2022) 30:32–41. doi: 10.1016/j.joca.2021.09.010 
	 38. Persoskie,A, and Ferrer,RA. A most odd ratio:: Interpreting and describing odds ratios. Am J Prev Med (2017) 52:224–228. doi: 10.1016/j.amepre.2016.07.030
	 39. Norton,EC, Dowd,BE, and Maciejewski,ML. Odds ratios-current best practice and use. JAMA. (2018) 320:84–5. doi: 10.1001/jama.2018.6971 
	 40. Parsons,C, Clynes,M, Syddall,H, Jagannath,D, Litwic,A, van der Pas,S , et al. EPOSA research group. How well do radiographic, clinical and self-reported diagnoses of knee osteoarthritis agree? Findings from the hertfordshire cohort study. Springerplus. (2015) 4:177. doi: 10.1186/s40064-015-0949-z 
	 41. Jurek,AM, Greenland,S, Maldonado,G, and Church,TR. Proper interpretation of non-differential misclassification effects: expectations vs observations. Int J Epidemiol. (2005) 34:680–7. doi: 10.1093/ije/dyi060 
	 42. Quartana,PJ, Finan,PH, Page,GG, and Smith,MT. Effects of insomnia disorder and knee osteoarthritis on resting and pain-evoked inflammatory markers. Brain Behav Immun. (2015) 47:228–37. doi: 10.1016/j.bbi.2014.12.010 
	 43. Garbarino,S, Lanteri,P, Bragazzi,NL, Magnavita,N, and Scoditti,E. Role of sleep deprivation in immune-related disease risk and outcomes. Commun Biol. (2021) 4:1304. doi: 10.1038/s42003-021-02825-4 
	 44. Ballesio,A, Fiori,V, and Lombardo,C. Effects of experimental sleep deprivation on peripheral inflammation: an updated meta-analysis of human studies. J Sleep Res. (2025) 22:e70099. doi: 10.1111/jsr.70099 
	 45. Latourte,A, Cherifi,C, Maillet,J, Ea,H-K, Bouaziz,W, Funck-Brentano,T , et al. Systemic inhibition of IL-6/Stat3 signalling protects against experimental osteoarthritis. Ann Rheum Dis. (2017) 76:748–55. doi: 10.1136/annrheumdis-2016-209757 
	 46. Li,J, Zhang,W, Liu,X, Li,G, Gu,Y, Zhang,K , et al. Endothelial Stat3 activation promotes osteoarthritis development. Cell Prolif. (2023) 56:e13518. doi: 10.1111/cpr.13518 
	 47. Lu,X, Xu,Y, Li,X, Wang,J, Wang,L, Hu,X , et al. Selective STAT3 inhibitor STX-0119 alleviates osteoarthritis progression by modulating the STAT3/PPARγ signaling pathway. Biochem Pharmacol. (2024) 227:116420. doi: 10.1016/j.bcp.2024.116420 
	 48. Karel,P, Schilperoord,M, Reichman,LJA, and Krabbe,JG. The dark side of apnea: altered 24-hour melatonin secretion in obstructive sleep apnea (OSAS) is disease severity dependent. Sleep Breathing. (2024) 28:1751–9. doi: 10.1007/s11325-024-03066-5 
	 49. Szataniak,I, and Packi,K. Melatonin as the missing link between sleep deprivation and immune dysregulation: a narrative review. Int J Mol Sci. (2025) 26:6731. doi: 10.3390/ijms26146731 
	 50. Höhn,C, Hahn,MA, Gruber,G, Pletzer,B, Cajochen,C, and Hoedlmoser,K. Effects of evening smartphone use on sleep and declarative memory consolidation in male adolescents and young adults. Brain Commun. (2024) 6:fcae173. doi: 10.1093/braincomms/fcae173 
	 51. Zhao,M, Qiu,D, Miao,X, Yang,W, Li,S, Cheng,X , et al. Melatonin delays arthritis inflammation and reduces cartilage matrix degradation through the SIRT1-mediated NF-κB/Nrf2/TGF-β/BMPs pathway. Int J Mol Sci. (2024) 25:6202. doi: 10.3390/ijms25116202 
	 52. Zhou,X, Zhang,Y, Hou,M, Liu,H, Yang,H, Chen,X , et al. Melatonin prevents cartilage degradation in early-stage osteoarthritis through activation of miR-146a/NRF2/HO-1 axis. J Bone Miner Res. (2020) 37:1056–72. doi: 10.1002/jbmr.4527 
	 53. Zhang,Y, Hou,M, Liu,Y, Liu,T, Chen,X, Shi,Q , et al. Recharge of chondrocyte mitochondria by sustained release of melatonin protects cartilage matrix homeostasis in osteoarthritis. J Pineal Res. (2022) 73:e12815. doi: 10.1111/jpi.12815 
	 54. Qin,K, Tang,H, Ren,Y, Yang,D, Li,Y, Huang,W , et al. Melatonin promotes sirtuin 1 expression and inhibits IRE1α-XBP1S-CHOP to reduce endoplasmic reticulum stress-mediated apoptosis in chondrocytes. Front Pharmacol. (2022) 13:940629. doi: 10.3389/fphar.2022.940629 
	 55. Liu,S-C, Tsai,C-H, Wang,Y-H, Su,C-M, Wu,H-C, Fong,Y-C , et al. Melatonin abolished proinflammatory factor expression and antagonized osteoarthritis progression in vivo. Cell Death Dis. (2022) 13:215. doi: 10.1038/s41419-022-04656-5 
	 56. Zhang,Y, Liu,T, Yang,H, He,F, and Zhu,X. Melatonin: a novel candidate for the treatment of osteoarthritis. Ageing Res Rev. (2022) 78:101635. doi: 10.1016/j.arr.2022.101635 
	 57. Chen,S, Xie,Y, Liang,Z, Lu,Y, Wang,J, Xing,F , et al. A narrative review of the reciprocal relationship between sleep deprivation and chronic pain: the role of oxidative stress. J Pain Res. (2024) 17:1785–92. doi: 10.2147/JPR.S455621 
	 58. Yang,X, Yin,P, Yao,X, and Zhang,J. MicroRNAs in the diagnosis of osteoarthritis: a systematic review and meta-analysis of observational studies. J Orthop Surg Res. (2025) 20:654. doi: 10.1186/s13018-025-06059-6 
	 59. Brás,JP, Pinto,S, von Doellinger,O, Prata,J, Coelho,R, Barbosa,MA , et al. Combining inflammatory miRNA molecules as diagnostic biomarkers for depression: a clinical study. Front Psych. (2023) 14:1227618. doi: 10.3389/fpsyt.2023.1227618 
	 60. Qin,H, Wang,C, He,Y, Lu,A, Li,T, Zhang,B , et al. Silencing miR-146a-5p protects against injury-induced osteoarthritis in mice. Biomolecules. (2023) 13:123. doi: 10.3390/biom13010123 
	 61. Lin,Z, Jiang,T, Chen,M, Ji,X, and Wang,Y. Gut microbiota and sleep: interaction mechanisms and therapeutic prospects. Open Life Sci. (2024) 19:20220910. doi: 10.1515/biol-2022-0910 
	 62. Ma,Z, Wan,Q, Qin,W, Qin,W, Yan,J, Zhu,Y , et al. Effect of regional crosstalk between sympathetic nerves and sensory nerves on temporomandibular joint osteoarthritic pain. Int J Oral Sci. (2025) 17:3. doi: 10.1038/s41368-024-00336-6 
	 63. Meléndez-Oliva,E, Martínez-Pozas,O, Sinatti,P, Martín Carreras-Presas,C, Cuenca-Zaldívar,JN, Turroni,S , et al. Relationship between the gut microbiome, tryptophan-derived metabolites, and osteoarthritis-related pain: a systematic review with meta-analysis. Nutrients. (2025) 17:264. doi: 10.3390/nu17020264 
	 64. Bhat,A, Pires,AS, Tan,V, Babu Chidambaram,S, and Guillemin,GJ. Effects of sleep deprivation on the tryptophan metabolism. Int J Tryptophan Res. (2020) 13:1178646920970902. doi: 10.1177/1178646920970902 
	 65. Ho,FY-Y, Poon,C-Y, Wong,VW-H, Chan,K-W, Law,K-W, Yeung,W-F , et al. Actigraphic monitoring of sleep and circadian rest-activity rhythm in individuals with major depressive disorder or depressive symptoms: a meta-analysis. J Affect Disord. (2024) 361:224–44. doi: 10.1016/j.jad.2024.05.155
	 66. Li,L, Zhang,Q, Zhu,L, Zeng,G, Huang,H, Zhuge,J , et al. Daytime naps and depression risk: a meta-analysis of observational studies. Front Psychol. (2022) 13:1051128. doi: 10.3389/fpsyg.2022.1051128 
	 67. Sun,S, Yang,Y, Yu,F, He,Y, Luo,C, Zhang,M , et al. Social jetlag and depressive symptoms among young people: a systematic review and meta-analysis. BMC Psychiatry. (2025) 25:664. doi: 10.1186/s12888-025-07066-x 
	 68. Bizzozero-Peroni,B, Díaz-Goñi,V, Jiménez-López,E, Rodríguez-Gutiérrez,E, Sequí-Domínguez,I, Núñez de Arenas-Arroyo,S , et al. Daily step count and depression in adults: a systematic review and meta-analysis. JAMA Netw Open. (2024) 7:e2451208. doi: 10.1001/jamanetworkopen.2024.51208 
	 69. Noetel,M, Sanders,T, Gallardo-Gómez,D, Taylor,P, Del Pozo,CB, van den Hoek,D , et al. Effect of exercise for depression: systematic review and network meta-analysis of randomised controlled trials. Br Med J. (2024) 384:e075847. doi: 10.1136/bmj-2023-075847 
	 70. Gianfredi,V, Schaper,NC, Odone,A, Signorelli,C, Amerio,A, Eussen,SJPM , et al. Daily patterns of physical activity, sedentary behavior, and prevalent and incident depression-the Maastricht study. Scand J Med Sci Sports. (2022) 32:1768–80. doi: 10.1111/sms.14235 
	 71. Wang,Y, Li,X, Zhang,Y, Ma,Y, Xu,S, Shuai,Z , et al. Association of sleep disturbance with catastrophizing and knee pain: data from the osteoarthritis initiative. Arthritis Care Res. (2023) 75:2134–41. doi: 10.1002/acr.25127 
	 72. Whibley,D, Braley,TJ, Kratz,AL, and Murphy,SL. Transient effects of sleep on next-day pain and fatigue in older adults with symptomatic osteoarthritis. J Pain. (2019) 20:1373–82. doi: 10.1016/j.jpain.2019.04.011 
	 73. Bordvik,DH, Steen Pettersen,P, Gløersen,M, Mulrooney,E, Neogi,T, Kjeken,I , et al. The associations between sleep problems and pain outcomes in people with hand osteoarthritis - data from the nor-hand study. Osteoarthr Cartil Open. (2025) 7:100579. doi: 10.1016/j.ocarto.2025.100579 
	 74. Whibley,D, AlKandari,N, Kristensen,K, Barnish,M, Rzewuska,M, Druce,KL , et al. Sleep and pain: a systematic review of studies of mediation. Clin J Pain. (2019) 35:544–58. doi: 10.1097/AJP.0000000000000697 


Copyright
 © 2025 Wang, Duan, Duan, Chen and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-12-1676763-g005.jpg
Subgroup COX Regression Sleep Quality Score Forest Plot

Variable
Sleep_quality_score
Age

<65

>=65
Sleep_quality_score
Gender

Jfemale

male
Sleep_quality_score
Race

Non—white

White
Sleep_quality_score
Marital

Married/parmered

Never married/Separated/divorced/Widowed
Sleep_quality_score
Education

Below high school

College or above

High school
Sleep_quality_score
Smoke

Former

No

Yes
Sleep_quality_score
Drink

< Once a week

>= Once a week
Sleep_quality_score
BMI

<30

>=30

HR

1.09
1.06

1.07
1.07

1.02
108

1.08
1.05

1.09
1.07
1.06

1.08
107
11

1.08
1.07

1.07
1.09

Lower Upper P_value

1.07
103

1.04
1.03

0.91
1.06

1.06
1.02

1.06
1.04
1.03

1.02
105
1.06

1.05
105

1.05
105

11
1.09

1.09
L1

1.14
1.09

111
1.08

LIS
1.09
115

Li
L1

1.09
L2

<0.001
<0.001

<0.001
<0.001

0.708
<0.001

<0.001
0.004

<0.001
<0.001
0.001

0.005
<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

;}}i £ H iy 15 ‘I ISP

P_for_interaction

0.22

0.71

0.5

0.04

0.63

0.52

0.82

0.53





OPS/images/fnut-12-1676763-g006.jpg
Subgroup COX Regression Sleep Duration Forest Plot

Variable
Sleep_duration
Age

<65

>=65
Sleep_duration
Gender

female

male
Sleep_duration
Race

Non—white

White
Sleep_duration
Marital

Married/partnered

Never married/Separated/divorced/Widowed
Sleep_duration
Education

Below high school

College or above

High school
Sleep_duration
Smoke

Former

No

Yes
Sleep_duration
Drink

< Once a week

>= Once aweek
Sleep_duration
BMI

<30

>=30

HR Lower Upper P_value

0.88
0.9

0.91
0.86

0.82
0.89

0.87
0.93

0.87

0.91

0.86

0.84

0.93
0.86

0.9
0.87

0.83
0.84

0.86
0.79

0.58
0.85

0.83
0.86

0.81

0.84

0.75

0.75

0.87

0.85
0.81

0.93
0.96

0.96
0.93

LIS
0.93

0.92
1.01

0.93
0.98

0.99

0.94

0.99
0.91

0.95
0.94

<0.001
0.001

<0.001
<0.001

0.242
<0.001

<0.001
0.073

<0.001
0.011
0.047

0.037
<0.001
0.003

0.018
<0.001

<0.001
<0.001

-
——

b taf b gt o] b

o
LI I
0809 1 LI 12

P_for_interaction

0.68

0.2

0.1

0.16

0.63

0.55

0.12

0.45





OPS/images/fnut-12-1676763-g003.jpg
Slecp quality # Good I Incrmediuse 6 Poor

Slecp Duration % 7.4 % <7 % >3

o %ou
Logank P0001 E Lograk P <0001
é
- Time (Months) - - Time (Months)
Number at risk Number atrisk
I i B G G e A Y WO ae R e ww o w0 wm o9 e 0 o
M 76 6 6% 6 N W S M5 a6 45 W 0 0 P v






OPS/images/fnut-12-1676763-g004.jpg
ACME=-2863, p<0.001

depres
symptom

Proportion of mediation
2211% (p<0.001)

Total Effect=1279, p<0.001 “ m
ADE=0.92 p<0.001

ACME= -3.95, p<0.001

depressive
symptom

Proportion of mediation:
2239% (p<0.001)

Tou Effect= -17.77, p<0.001

ADE= 1382, p<0.001

Adjust: Gender, Race, Smoke, Drink, Diabetes, High cholesterol, Cancer,

CHD, Hypertension, Education, Marital, Physical activity, Age, BMI





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The severity of depressive symptoms as a mediator in the sleep-osteoarthritis risk pathway: insights from the ELSA cohort



		1 Introduction



		2 Methods



		2.1 Study design and population



		2.2 Assessment of exposures



		2.3 Mediator



		2.4 Outcome



		2.5 Covariates



		2.6 Statistical analysis









		3 Results



		3.1 Baseline characteristics



		3.2 Association between sleep quality/duration and OA



		3.3 Mediating role of depressive symptoms



		3.4 Subgroup analyses



		3.5 Sensitivity analyses









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnut-12-1676763-g001.jpg
ELSA wave 4
n=11050

=301
g sleep data: n=439
g CESD data at wave 4: n=63
participants with osteoarthritis at wave 4: n=2198

Adult participants with
complete data at wave 4:
n = 8049

Exclude:
participants with missing osteoarthri
follw-up data: n=3902

Participants enrolled in this
study:
n = 4147






OPS/images/fnut-12-1676763-g002.jpg
Hazard Ratio (95% CI) (Threshold is 8)

RCS Prediction Plot

N

P for Overall <0.001
P for Nonlinear =0.002

20

r15

6 7
Sleep duration

9 10





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

The severity of depressive
symptoms as a mediator in the
sleep-osteoarthritis risk pathway:
insights from the ELSA cohort












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






