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Background: Osteoarthritis (OA) is characterized by high morbidity and
disability. While studies have demonstrated that OA is correlated with age-
related diseases, few have shown the potential relationship between OA and
obstructive sleep apnea syndrome (OSAS). OSAS is characterized by intermittent
hypoxia and hypercapnia. We hypothesize that these stressors induce aging and
increase the prevalence of OA.

Methods: The study included 10,641 participants drawn from the National
Health and Nutrition Examination Survey (NHANES) dataset during 2005-2008
and 2015-2018. The correlation between OSAS and OA was analyzed using
multivariable logistic regression, aging-related biomarkers were calculated, and
the role of aging was explored through mediation analysis.

Results: OSAS was associated with an elevated risk of OA (for quartile 4 vs.
quartile 1, odds ratio (OR) 2.31, 95% confidence interval (Cl) 1.34 to 3.99; p-
value for the trend =0.004) after adjusting covariates. In the 20-59years
and > 60 years subgroup, the OSAS patients showed a similar trend (for quartile
4 vs. quartile 1, OR 5.69, 95% CI 2.75 to 11.8; p-value for the trend <0.001; OR
242, 95% Cl 1.23 to 4.76; p-value for the trend = 0.004, respectively). Further
mediation analysis revealed that aging acted as a mediator between OA and
OSAS. The mediation proportions for biological age (BA) and phenotypic age
(PA) were 13.82 and 52.94%, respectively, both with p <0.001.

Conclusion: These findings suggest that individuals with OSAS may have an
increased prevalence of OA, with aging also being involved in the association.
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1 Introduction

Osteoarthritis (OA) is a degenerative disease caused by the erosion of joint cartilage,
leading to pain and disability. Estimates suggest that 250 million people have been affected by
this condition (1). Previous studies have shown that elderly individuals diagnosed with
arthritis are at a higher risk of developing chronic comorbidities, such as cardiovascular
diseases (CVDs) and hypertension (2-4).
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Obstructive sleep apnea syndrome (OSAS), primarily attributed to
obesity and airway collapse, triggers a cascade of pathophysiological
processes, including intermittent hypoxia and hypercapnia. These
processes subsequently lead to hypertension, metabolic disorders, and
inflammation, all of which share many similarities with chronic
diseases (5). Existing studies have demonstrated that aging is associated
with a decline in sleep quality. It has been frequently observed that
sleep-disordered breathing and cognitive changes occur with age (6-8).

The incidence of OA and OSAS increases with age (7, 9). As people
age, there is a growing trend toward the coexistence of multiple diseases,
making the treatment process more challenging (10, 11). Although many
studies have reported that OA is associated with chronic disease, few
have shown the association between OA and OSAS in a large number of
participants. The role of aging in these two diseases is still unknown.

Therefore, we used the National Health and Nutrition
Examination Survey (NHANES, 2005-2008 and 2015-2018) database
to explore the risk of OA and OSAS and the role of aging in this
process. By managing OSAS and delaying aging, pain can be relieved
and quality of life can be improved for elderly patients with OA.

2 Methods
2.1 Data source

The NHANES is a database managed by the National Center for
Health Statistics, created through representative sampling and
supplemented with questionnaires, physical examinations,
laboratory tests, and data collected from mobile examination
centers. The Information Collection Review Office approved the
research protocol involving human participants. We selected 2005-
2008 and 2015-2018 as the study cycles because they included both
OA and OSAS questionnaire data. From these cycles, we screened
21,861 individuals older than 20 years for this study (Figure 1), and
10,641 participants were included in the final analysis, with
covariables incorporated. All participants provided written
informed consent, and all collected information was maintained

with strictly confidentiality.

2.2 Assessment of osteoarthritis

Studies have shown that 81% of osteoarthritis data collected
through questionnaires are consistent with clinical diagnoses (12).
Therefore, we used questionnaires from the NHANES dataset to
collect relevant data. Individuals with self-reported osteoarthritis
were included in the OA group, whereas those who were healthy, had
other types of arthritis, and did not specify the type were included in
the non-OA group.

Abbreviations: ACME, Average Causal Mediation Effects; ADE, Average Direct
Effects; BA, Biological Age; COPD, Chronic Obstructive Pulmonary Disease; Cl,
Confidence Interval; NHANES, National Health and Nutrition Examination Survey;
OSAS, Obstructive Sleep Apnea Syndrome; OA, Osteoarthritis; OR, Odds Ratio;
OSAS.MAP10, OSAS Multivariable Apnea Prediction index value X 10; PA, Phenotypic
Age; PIR, Family Income Ratio; ACME + ADE, Total Effect.
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2.3 Diagnosis of OSAS and the
multivariable apnea prediction index

According to a previous study by Maislin et al., we used the OSAS
questionnaire to calculate the multivariable apnea prediction (MAP)
index and OSAS multivariable apnea prediction index value x 10
(OSAS.MAP10) based on information provided about snoring, sleep
apnea, and fatigue severity (13-15) (see Supplementary material
for details).

2.4 Measurement of the biological aging
markers

Previous studies have shown that KDM biological age (BA) and
phenotypic age (PA) more accurately predict an individual’s aging
level through algorithmic assessments (16). We obtained data on
individual BA biomarkers (C-reactive protein [CRP], serum
creatinine, glycosylated hemoglobin, serum albumin, serum total
cholesterol, serum urea nitrogen, serum alkaline phosphatase, and
systolic blood pressure) and chronological age. We utilized the
NHANES III data to compute BA and subsequently incorporated our
data from the 2005-2008 and 2015-2018 cycles into the fitting process
(17). Similarly, we obtained data on individual PA biomarkers
(albumin, creatinine, glucose, C-reactive protein, lymphocyte
percentage, mean cell volume, red blood cell distribution width,
alkaline phosphatase, and white blood cell count) and used the BioAge
R package to calculate phenotypic age (see Supplementary materials
for details).

2.5 Potential confounders/other variables

We collected demographic and lifestyle data, including age (18),
sex, ethnicity, educational background, family income ratio (PIR),
smoking habits, and alcohol consumption, through detailed
questionnaires. BMI and blood pressure data (the average of three
blood pressure measurements, including those taken while using
blood pressure-lowering drugs) were obtained from physical
examinations and the medical conditions component of the
questionnaires. By synthesizing self-reported health histories,
medication records, and chronological age information,
we evaluated the presence of cardiovascular diseases. This
encompassed conditions such as coronary heart disease, congestive
heart failure, myocardial infarctions, cerebrovascular accidents
(strokes), and angina pectoris, as well as other chronic diseases
including diabetes, asthma, and chronic obstructive pulmonary

disease (COPD) (15).

2.6 Statistical analysis

This study used RStudio (version 4.4.0) for the statistical
analysis of the weighted data. We grouped the participants
according to their osteoarthritis status, and the Wilcoxon rank-sum
test and the chi-squared test were used for demographic analysis.
Quartiles were utilized to transform the continuous variable OSAS.
MAPI10 into a categorical variable. Multivariable logistic regression
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FIGURE 1

apnea syndrome.

Flow chart of the participants in this study. NHANES, National Health and Nutrition Examination Survey; OA, osteoarthritis; and OSA, obstructive sleep

> missing data of covariables
(n=9904)

analysis was conducted to estimate the odds ratio (OR) and its 95%
confidence interval (CI) for the association between OSAS.MAP10
and OA risk, adjusting for age, race, education level, PIR, BMI,
smoking status, alcohol consumption, CVDs (coronary heart
disease, stroke, heart attack, chronic heart failure, and angina
pectoris), hypertension, diabetes, and COPD. Subsequently, the
mediating role of aging in the relationship between OSAS.MAP10
and OA was investigated using the mediation package in RStudio.
The quasi-Bayesian Monte Carlo method was employed, involving
1,000 simulations based on the normal approximation, to estimate
the indirect effect (ACME, average causal mediation effect) and
direct effect (ADE, average direct effect). The proportion of
mediation was calculated by dividing the ACME by the total effect
(ACME + ADE) (18).

3 Results

3.1 Basic clinical characteristics of the
study participants

Table 1 shows the demographic characteristics according to the
OA status. In this study, we screened 1,027 osteoarthritis patients
aged 20 years or older. The OA group was older (60.47 + 12.65) than
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the non-OA group (44.17 £15.29; p<0.001). The OSAS.MAP10
score was higher in the OA group (4.82 +2.54; p <0.001) compared
to the non-OA group (OR 3.73 +£2.53; p<0.001). The participants
who were female, had a high income, were obese, smoked, and
consumed alcohol were more likely to have osteoarthritis (all
p-values for the trend <0.001). The participants with a history of
CVDs, hypertension, diabetes, or COPD also had a higher
prevalence of osteoarthritis (all p-values for the trend <0.001).
However, the participants with asthma did not show a significant
difference in the prevalence of osteoarthritis (p-value for the
trend =0.2). Therefore, CVDs, hypertension, diabetes, and COPD
were included in model 3.

3.2 Associations between OSAS and OA risk

As shown in Table 2, the association between OSAS and OA
was investigated using a multivariable logistic regression model,
adjusting for potential covariates. In the unadjusted statistical
model (model 1), quartile 4 of the OSAS.MAP10 scores was
associated with an increased incidence of OA (OR 3.48, 95% CI
2.60 to 4.65, all p-values for the trend <0.005) compared to quartile
1. The observed trend was consistent with that of model 2 (OR
2.36,95% CI 1.37 to 4.08, all p-values for the trend =0.003, quartile
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TABLE 1 Baseline characteristics of the participants with and without OA.

Characteristic Non-OA, N = 9,614 (89%)* OA, N=1,027 (11%)*

Age, mean (SD), years 44,17 (15.29) 60.47 (12.65) <0.001
Sex <0.001
Male 5,206.00 (52.64) 406.00 (37.01)

Female 4,408.00 (47.36) 621.00 (62.99)

Race <0.001
Mexican American 1,676.00 (8.63) 80.00 (2.35)

Other Hispanic 850.00 (4.99) 56.00 (1.92)

Non-Hispanic White 4,262.00 (70.25) 663.00 (84.78)

Non-Hispanic Black 1,897.00 (9.49) 147.00 (5.35)

Other/multiracial 929.00 (6.64) 81.00 (5.59)

Education 0.045
Less than 9th grade 696.00 (3.27) 44,00 (1.93)

9-11th grade 1,186.00 (8.48) 97.00 (6.85)

High school graduate/GED 2,210.00 (22.98) 226.00 (22.06)

Some college or AA degree 3,066.00 (32.83) 341.00 (32.43)

College graduate or above 2,456.00 (32.43) 319.00 (36.74)

PIR <0.001
Low income 2,357.00 (15.98) 215.00 (13.22)

Medium income 3,796.00 (35.02) 362.00 (29.77)

High income 3,461.00 (49.00) 450.00 (57.01)

Smoke <0.001
Never 4,851.00 (51.92) 451.00 (45.56)

Current 2,389.00 (23.29) 173.00 (15.34)

Former 2,369.00 (24.80) 402.00 (39.09)

Drinking 1,498.00 (14.29) 70.00 (5.68) <0.001
BMI <0.001
Normal 2,654.00 (29.65) 212.00 (19.90)

Underweight 139.00 (1.36) 5.00 (0.52)

Overweight 3,243.00 (32.44) 328.00 (32.04)

Obese 3,578.00 (36.55) 482.00 (47.55)

CVDs 743.00 (5.45) 192.00 (16.05) <0.001
Hypertension 2,992.00 (27.32) 540.00 (47.64) <0.001
Diabetes 906.00 (6.98) 157.00 (12.69) <0.001
COPD 353.00 (3.21) 103.00 (9.04) <0.001
Asthma 1,354.00 (14.49) 190.00 (16.53) 02
Arthritis 1,652.00 (15.49) 1,027.00 (100.00) <0.001
OSA 4,907.00 (49.33) 613.00 (58.48) <0.001
OSAS.MAP10 3.73 (2.53) 4.82 (2.54) <0.001

'median (IQR) for continuous variables; n (%) for categorical variables.

*The Wilcoxon rank-sum test for complex survey samples.

The chi-squared test with Rao & Scott’s second-order correction. The continuous variables are presented as median. The categorical variables are presented as 1 (%). OA, osteoarthritis; OSA,
obstructive sleep apnea syndrome; PIR, the ratio of family income to poverty; BMI, body mass index; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease; OSAS.
MAP10, OSAS multivariable apnea prediction index value x 10; SE standard error, #, number of participants; and %, weighted percentage. Median (SD) or median (IQR) for the continuous
variables; 1 (%) for the categorical variables.

4 vs. quartile 1), in which we adjusted for age, sex, race, education  diabetes, and COPD were adjusted for) showed a similar trend (OR
level, PIR, BMI, smoking status, and alcohol consumption. Model ~ 2.31,95% CI 1.34 to 3.99, all p-values for the trend = 0.004, quartile
3 (in which the variables in model 2 and CVDs, hypertension, 4 vs. quartile 1).
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TABLE 2 The association between the OSAS.MAP10 quartiles and OA.

10.3389/fmed.2024.1486807

Model 1 Model 2 Model 3
Characteristic OR! (95% CIY) p-value OR! (95% CIY) p-value OR! (95% CIY) p-value
OSAS.MAP10 (continuous) 1.18 (1.14, 1.22) <0.001 1.17 (1.09, 1.26) <0.001 1.17 (1.09, 1.26) <0.001
OSAS.MAP10 quartile
Q1 Reference Reference Reference
Q2 1.94 (1.46, 2.59) <0.001 1.31(0.92, 1.86) 0.129 1.30 (0.91, 1.85) 0.142
Q3 2.16 (1.60, 2.93) <0.001 1.46 (0.98, 2.18) 0.063 1.47 (0.99, 2.18) 0.057
Q4 3.48 (2.60, 4.65) <0.001 2.36 (1.37,4.08) 0.003 2.31(1.34,3.99) 0.004
p-value for the trend <0.001 0.003 0.004

'OR, Odds Ratio; CI, 95% CI.

Model 1: no covariates were adjusted. Model 2: adjusted for age, sex, race, education level, PIR, BMI, smoking status, and alcohol consumption. Model 3: adjusted for the covariates in model 2
and CVDs (coronary heart disease, stroke, heart attack, chronic heart failure, and angina pectoris), hypertension, diabetes, and COPD. OSAS, obstructive sleep apnea syndrome and OSAS.

MAP10, OSAS multivariable apnea prediction index value x 10.

3.3 The associations between OSAS and OA
risk in age and sex subgroups

Table 3 shows the associations between OSAS and OA risk in
different age and sex subgroups. We found that the highest quartile
of OSAS.MAP10 (OR 3.08, 95% CI 2.04 to 4.64, p<0.001) in the
20-59years subgroup was associated with an increased risk of OA
after adjustment in model 1 compared to quartile 1. Model 2 (OR
8.18,95% CI 4.24 to 15.8, p<0.001) and model 3 (OR 5.69, 95% CI
2.75 to 11.8, p<0.001) showed similar trends. However, OSAS.
MAPI0 in the >60 years subgroup did not show the trend (OR 1.01,
95% CI 0.58 to 1.77, p=0.664) in model 1. After adjusting for the
covariates, OSAS.MAP10 restored the trend in model 2 (OR 2.29,
95% CI 1.19 to 4.38, p=0.006) and model 3 (OR 2.42, 95% CI 1.23 to
4.76, p=0.004).

Table 3 shows that the highest quartile of OSAS.MAP10 in the male
subgroup was associated with an increased risk of OA in all three
models (all p-values for the trend <0.005). However, quartile 4 of OSAS.
MAP10 in the female subgroup was associated with an increased risk
of OA in model 1 (OR 6.24, 95% CI 4.26 to 9.14, p<0.001) and model
2 (OR2.32,95% CI 1.25 to 4.31, p=0.043), but there was no significant
difference in model 3 (OR 2.16, 95% CI 1.14 to 4.07, p=0.096).

3.4 Aging-mediated effects on the
association between OSAS and OA risk

Furthermore, the mediating role of aging in the relationship
between OSAS.MAP10 and OA is shown in Figure 2. In the phenotypic
age group, the ACME was 0.00559 (95% CI: 0.00464, 0.01), the ADE
was 0.00497 (95% CI: 0.00390, 0.01), and the proportion of mediation
was 52.9%. In the biological age group, the ACME was 0.00145 (95%
CI: 0.00104, 0.00), the ADE was 0.00905 (95% CI: 0.00824, 0.01), and
the proportion of mediation was 13.8% (all p <0.001).

4 Discussion

In this study, we identified two novel findings. First, OSAS was
positively associated with OA in this cross-sectional investigation,
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which included 10,641 participants. Second, after adjusting for the
covariates, aging was found to play a mediating role between
OSAS and OA.

OSAS is a sleep disorder characterized by intermittent hypoxia
and fragmented sleep, leading to oxidative stress and systemic
inflammation. This condition is not only associated with aging-
related diseases but may also accelerate the aging process (19, 20) and
contribute to the hallmarks of aging, such as telomere attrition,
mitochondrial dysfunction, and intercellular communication (21-
24). Studies have found that OA shares the above risk factors (25-27).
Silva et al. found that elderly patients with OA in the knees with
OSAS are more prone to pain, stiffness, and physical dysfunction
compared with those without OSAS (28). Carroll et al’s investigation
uncovered a connection between OSAS and shortened leukocyte
telomere length, suggesting an association with accelerated biological
aging (29). Vicente etal. found a reduction in certain biomarkers of
inflammation in pharyngeal lavage samples collected from moderate-
to-severe OSAS patients, who were treated with continuous positive
airway pressure (30). In our study, compared to the control group, the
participants diagnosed with OSAS exhibited higher levels of aging-
related clinical biomarkers, including CRP and immunity-
related cells.

Aging-induced alterations in articular cartilage particularly
contribute to the progression of OA. Loeser et al. reported several
mechanisms associated with aging that contribute to OA. Among
these are inflammaging, cellular senescence, mitochondria
dysfunction, and heightened oxidative stress (31). A recent study
discovered that senolytic therapies, which specifically remove
senescent cells, effectively decreased oxidation-modified proteins
in aged arthritic knee joints, reduced pain, and promoted cartilage
development (32, 33). It suggested that aging plays a critical role in
OSAS and OA by promoting inflammation and oxidative stress.
Our study is consistent with the findings of the studies
mentioned above.

We used the NHANES database to explore the mediating effect of
aging on OSAS and OA. Based on these findings, efficiently managing
OSAS might serve as a strategy for delaying aging in clinical practice
and alleviating patients’ pain. This approach offers new perspectives
on minimizing the incidence of OA and enhancing the overall well-
being of elderly patients.
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TABLE 3 The association between OSAS.MAP10 and OA in the age and sex subgroup.

Model 1 Model 2 Model 3
Characteristic OR! (95% p-value OR! (95% p-value OR! (95% p-value
CIY) CIY) CIh
20-59years OSAS.MAPI10 quartile <0.001 <0.001 <0.001
Q1 Reference Reference Reference
Q2 1.52 (0.99, 2.34) 2.22(1.37,3.59) 2.01 (1.24, 3.25)
Q3 1.81 (1.20, 2.72) 3.56 (2.19, 5.80) 2.92(1.78,4.79)
Q4 3.08 (2.04, 4.64) 8.18 (4.24, 15.8) 569 (2.75, 11.8)
p-value for the trend <0.001 <0.001 <0.001
60+ years OSAS.MAPI10 quartile 0.664 0.006 0.004
Q1 Reference Reference Reference
Q2 1.18 (0.66, 2.11) 1.24 (0.70, 2.19) 1.27 (0.71, 2.27)
Q3 0.97 (0.58, 1.61) 1.36 (0.78, 2.38) 1.4 (0.81, 2.55)
Q4 1.01 (0.58,1.77) 2.29 (1.19, 4.38) 2.42(1.23,4.76)
p-value for the trend 0.664 0.006 0.004
Male OSAS.MAPI10 quartile <0.001 0.022
Q1 Reference Reference Reference
Q2 2.25(0.70, 7.22) 1.11 (0.34, 3.59) 1.09 (0.34, 3.52)
Q3 447 (1.71,11.7) 1.24 (0.46, 3.36) 1.20 (0.4, 3.26)
Q4 13.7 (5.33, 35.1) 2.37 (0.82, 6.83) 2.27(0.79, 6.55)
p-value for the trend <0.001 0.022 0.028
Female OSAS.MAPI10 quartile <0.001 0.043
Q1 Reference Reference Reference
Q2 2.70 (1.98, 3.69) 1.29 (0.85, 1.97) 1.29 (0.84, 1.97)
Q3 3.94 (2.76, 5.63) 1.60 (0.90, 2.85) 1.60 (0.91, 2.83)
Q4 6.24 (4.26,9.14) 2.32(1.25,4.31) 2.16 (1.14, 4.07)
p-value for the trend <0.001 0.043 0.096

'OR, Odds Ratio; CI, 95% CL.
Model 1: no covariates were adjusted. Model 2: adjusted for age, sex, race, education level, PIR, BMI, smoking status, and alcohol consumption. Model 3: adjusted for the covariates in model 2
and alcohol consumption, CVDs (coronary heart disease, stroke, heart attack, chronic heart failure, and angina pectoris), hypertension, diabetes, and COPD. OSAS, obstructive sleep apnea

syndrome and OSAS.MAP10, OSAS multivariable apnea prediction index value x 10.
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FIGURE 2
ADE, average direct effect; Total effect, ACME + ADE.

B
ACME — ... PP S
ADE .5
Total ———
Effect
T T T T T
0.004 0.006 0.008 0.010 0.012

PA mediation

The aging-mediated plot illustrates the effects of aging on the association between OSAS with OA risk. (A) BA mediated the association between OSAS
and OA. (B) PA mediated the association between OSAS and OA. BA, biological age; PA, phenotypic age; ACME, average causal mediation effect; and
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Our study has certain strengths. We explored the association
between OSAS and OA using a large population database.
Furthermore, we evaluated the mediating effect of biological aging
on the relationship between OSAS and OA, providing a more
nuanced understanding of the relationship. This study includes
some limitations. First, while we found a positive correlation
between OSAS and OA, the observational study design precluded
establishing causality. Future research should include longitudinal
data collection and prospective studies to further explore this
connection. Second, the data on OA and OSAS were self-reported,
which introduced recall bias and decreased the credibility of the
results. Third, although we adjusted for the survey cycles, the data
on self-reported OA and OSAS were only available in four specific
cycles. Therefore, future studies are needed to verify, evaluate, and
reinforce our findings.

5 Conclusion

Our results suggest that OSAS may increase the prevalence
of OA. In addition, we explored the mediating effects of aging
on these two diseases. Our study could provide new insights into the
management of various health concerns in the elderly population.
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