
 

                                                  International Journal of Research in Medical Sciences | October 2023 | Vol 11 | Issue 10    Page 3642 

International Journal of Research in Medical Sciences 

Yavas AD et al. Int J Res Med Sci. 2023 Oct;11(10):3642-3649 

www.msjonline.org pISSN 2320-6071 | eISSN 2320-6012 

Original Research Article 

Is the radiological stage of knee osteoarthritis associated with the risk of 

obstructive sleep apnea or insomnia severity? 

Arzu Dinç Yavaş1*, Ayşe Serap Akgün2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Osteoarthritis is the most common musculoskeletal disease 

and is one of the most common chronic health problems 

among adults.1,2 It is characterized by progressive 

destruction of articular cartilage and changes in the 

structural parts of the joint, including bone, ligaments, 

muscles, capsule, meniscus, and synovial membrane. It 

causes joint pain, movement restriction, and poor quality 

of life.2,3 Chronic pain and poor quality of life as a result 

of osteoarthritis can bring along various sleep disturbances 

which may worsen pain and pain-related adversities.2,4-6 

To break this vicious cycle, it is important to understand 

the impact of osteoarthritis on sleep and its relationship to 

common sleep disorders.1 Obstructive sleep apnea (OSA) 

is a chronic sleep-related respiratory disorder. It is thought 

that the increase in the proportion of the elderly population 

and the incidence of obesity play an important role in the 

increasing incidence of OSA.2,7,8 The same factors are also 

associated with an increased incidence of 

osteoarthritis.1,9,10  

1İstanbul Aydın University, School of Medicine PMR, İstanbul, Turkey 
2İstanbul Medipol University, School of Medicine Radiology, İstanbul, Turkey 

 

Received: 09 August 2023 

Accepted: 11 September 2023 

 

*Correspondence: 

Dr. Arzu Dinç Yavaş, 

E-mail: arzudinc0111@gmail.com 

 

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under 

the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

 

Background: Aim was to investigate the relationship between knee osteoarthritis severity and obstructive sleep apnea 

risk and insomnia severity 

Methods: A total of 127 patients with knee osteoarthritis were included in this prospective cross-sectional study. The 

relationship between Kellgren-Lawrence classification, Western Ontario and McMaster University Osteoarthritis Index 

score, Berlin questionnaire score, Insomnia Severity Index score, age, sex, and body-mass index was evaluated with 

univariate and multivariate analyses.  

Results: The mean age of the radiological stage 1 group was significantly lower compared to the other group (p<0.001). 

84.3% of all patients were female, and there was no significant sex difference between the groups (p=0.327). The 

median WOMAC scores of the stage 2, 3 and 4 groups were significantly higher than that of the stage 1 group (p<0.001). 

The median WOMAC pain subscore of the stage 3 and 4 groups were significantly higher than that of the stage 2 and 

the stage 1 group (p<0.001). Multiple logistic regression analysis revealed that high BMI (p=0.005) was the only factor 

independently associated with greater OSA risk. Multiple linear regression analysis revealed that sex (p=0.008) and 

WOMAC score (p=0.001) were independently associated with greater insomnia severity. 

Conclusions: In multivariable analysis, high BMI was determined as the only independent risk factor associated with 

higher OSA likelihood, while advanced age and high WOMAC total score were determined as independent risk factors 

for greater insomnia severity. The WOMAC score can be used to predict the severity of osteoarthritis and insomnia, 

and could be valuable for management. 
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In one study, it was argued that OSA and osteoarthritis are 

risk factors for each other with various common molecular 

and physical mechanisms, and common treatment 

modalities for the two diseases were investigated.2 

Insomnia is another common sleep disturbance that is 

defined as insufficient sleep related to deficiencies in 

starting or maintaining sleep.1,4 In one study, the incidence 

of insomnia in patients with symptomatic osteoarthritis 

was reported to be 62.9%.1  

In a cluster-randomized controlled trial, it was reported 

that 76% of patients with osteoarthritis had OSA and/or 

insomnia.4 This positive feedback cycle associated with 

obesity, pain, age, and sleep problems has encouraged 

many researchers to examine the relationship between 

osteoarthritis, OSA and insomnia. However, there are few 

studies examining the risk of OSA and the severity of 

insomnia in patients with osteoarthritis.11 This is an 

important gap in knowledge since the severity of 

osteoarthritis may impact the severity of OSA or insomnia, 

as well as their likelihood. 

Aim and objectives 

Therefore, our primary aim with this study was to 

investigate whether the radiological stage of knee 

osteoarthritis was associated with OSA risk and insomnia 

severity. Our secondary aims were to determine risk 

factors associated with these two sleep disorders in 

patients with knee osteoarthritis and to assess the 

relationship between radiological knee osteoarthritis stage 

and severity of pain and disability. 

METHODS 

Study design 

The study was conducted at the department of physical 

medicine and rehabilitation and department of radiology, 

of Medipol University Hospital between September 2019 

and December 2020 in compliance with the 1964 Helsinki 

declaration and its later amendments. Written informed 

consent was acquired from all participants. 

Study population 

Patients whose information were incomplete and whose 
questionnaires were not filled, patients with known 
psychiatric disorders, cases with metabolic bone disease, 
patients consuming alcohol and/or using opioids and/or 
abusing substances, patients with known OSAS using 
active positive airway pressure therapy, those who had 
concurrent rheumatic or knee disorders, subjects with 
severe comorbidities, and those receiving cancer therapy 
for active cancer were excluded from the study. Patients 
who did not meet the exclusion criteria, which were 
mentioned above, were first categorized according to their 
radiological stages. A total of 127 patients with 
symptomatic knee osteoarthritis at various stages based on 

radiographic evidence were included in the study.12 

Data and instruments used 

Sociodemographic data such as age and sex of the patients 
were recorded, height and weight measurements were 
made and body mass indexes (BMI) were calculated as 

weight/height2 (kg/m2). 

Knee osteoarthritis diagnosis and staging 

Patients with knee osteoarthritis were diagnosed according 
to the diagnostic criteria of the American college of 
rheumatology.13 The grade of knee osteoarthritis was 
determined according to the Kellgren-Lawrence 
Classification using anteroposterior and mediolateral knee 
radiography.12 In this staging system, 5 stages are 
determined according to the severity of osteophytes, joint 
space, sclerosis and deformity of bony ends. Stage 0 
indicates the absence of osteoarthritis and stage 4 indicates 
severe osteoarthritis. According to this classification, there 
were 31 patients in the stage 1 group, 32 patients in the 
stage 2 group, 33 patients in the stage 3 group, and 31 

patients in the stage 4 group. 

Western Ontario and McMaster University Osteoarthritis 

Index (WOMAC) 

The WOMAC Osteoarthritis Index is one of the most 
commonly used, patient-filled osteoarthritis severity 
scoring systems for patients with lower extremity 
osteoarthritis.14 The questionnaire contains 24 items 
covering three dimensions: pain (5 items), stiffness (2 
items) and physical function (17 items). The questions in 
each item are scored by the patient according to the last 2 
weeks with a score between 0-4 relating to increasing 
severity. Then scoring in percentages is calculated with the 

following formula:15  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  (𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 ÷  96)  ×  100 

The pain subscore of the WOMAC index was used to 
determine the severity of pain. The scores between 0 and 
4 for each of the 5 items were summed, so that a minimum 
of 0 and a maximum of 20 points were obtained to quantify 

pain. 

Berlin questionnaire 

The Berlin questionnaire was developed as a tool for OSA 
screening. It classifies patients as high or low risk for OSA 
based on self-reports of snoring, wake-time sleepiness or 
fatigue, hypertension and obesity.16,17 The questionnaire 
consists of a total of 10 questions, 5 in category 1 (related 
to snoring and dyspnea), 4 in category 2 (related to fatigue, 
weakness and driving problems), and 1 in category 3 
related to the presence of hypertension or obesity (BMI 

>30 kg/m2).  

The presence of two or more symptoms in categories 1 and 

2, and one or more symptoms in category 3 was considered 

significant for each of the categories separately. Patients 
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with 2 or more significant categories were classified as 

high risk and others as low risk for OSA.17 

Insomnia severity index (ISI) 

The Insomnia Severity Index is a system consisting of 5 

questions about sleep problems. Since the first question 

has 3 subgroups, it is evaluated over 7 questions in total. 

Each question was answered by the patient with an 

increasing score from 0 to 4. Scores range from a minimum 

of 0 points (clinically insignificant insomnia) and a 

maximum of 28 points (severe insomnia).18 

Outcomes 

The primary outcome of this study was to examine whether 

the radiological stage of knee osteoarthritis was associated 

with OSA risk and insomnia severity, and the secondary 

outcomes were to identify risk factors associated with 

insomnia severity and OSA risk in patients with knee 

osteoarthritis and to demonstrate the relationship between 

the radiological stage of osteoarthritis and symptom 

severity and other factors. 

Statistical analysis 

All analyses, with a significance threshold of p < 0.05, 

were performed on IBM SPSS Statistics for Windows, 

Version 25.0 (IBM Corp., Armonk, NY, USA). The 

Shapiro-Wilk test was used to test the normality of 

distribution of continuous variables. For continuous data, 

summary values are given as mean ± standard deviation or 

median (1st to 3rd quartiles) according to normal or non-

normal distribution, respectively. Absolute and relative 

frequency (percentage) values were used to summarize 

categorical variables. Normally distributed continuous 

variables were analyzed with the one-way analysis of 

variances (ANOVA). Non-normally distributed 

continuous variables were analyzed with the Kruskal-

Wallis test. Categorical variables were analyzed with the 

chi-square test or Fisher-Freeman-Halton test. Pairwise 

comparisons were adjusted by Bonferroni correction 

method. Logistic regression analyses were performed to 

determine significant factors independently associated 

with high risk of OSA. Linear regression analyses were 

performed to determine significant factors independently 

associated with high insomnia severity. Variables were 

analyzed with univariable regression analysis and 

statistically significant variables were included into 

multivariable analysis. 

RESULTS 

Overall mean age was 56.8±11.2 years. While the mean 

age of the stage 1 group (46.3±11.2) was significantly 

lower compared to the other groups, mean ages were 

similar for the other three groups (57.9±8.3 vs. 60.0±7.8 

vs. 62.6±10.2, respectively) (p<0.001). The great majority 

of patients were females in all four groups, and the groups 

were similar with regard to sex distribution (p=0.327).  

The stage 4 group's median BMI was significantly higher 

than the those in stage 2, and the stage 2 group's median 

BMI was significantly higher than those in stage 1 

(p<0.001). 

Table 1: Summary of all patients' demographic 

characteristics and other variables. 

Parameters N (%) 

Mean age±SD 56.80±11.20 

Sex  

Female 107 (84.3%) 

Male 20 (15.7%) 

Body mass index 31.6 (28.4-35.7) 

Osteoarthritis  

Stage 1 31 (24.4%) 

Stage 2 32 (25.2%) 

Stage 3 33 (26.0%) 

Stage 4 31 (24.4%) 

WOMAC score, % (range) 52.08 (29.16-69.79) 

WOMAC pain score, % (range) 8 (4-12) 

Berlin questionnaire score (%)  

Low risk 50 (39.4) 

High risk 77 (60.6) 

Insomnia Severity Index score, 

% (range) 
9 (4-15) 

Data are given as mean±SD or median (1st quartile - 3rd quartile) 

for continuous variables according to normality of distribution 

and as frequency (percentage) for categorical variables.  

The median WOMAC scores of the stage 2, 3 and 4 groups 

were similar and significantly higher than that of the stage 

1 group (p<0.001). The median WOMAC pain subscore of 

the stage 3 and 4 groups were similar to each other and 

significantly higher than that of the stage 2 group, while 

the median WOMAC pain subscore of the stage 2 group 

was found to be significantly higher than that of the stage 

1 group (p<0.001). The percentage of patients with high 

risk according to the Berlin questionnaire in the stage 4 

group was significantly higher than that of the stage 1 

group (p=0.003); whereas the stage 2 and stage 3 groups 

had similar results with other groups.  

The summary data of participants according to 

osteoarthritis stage are presented in (Table 1-2). Multiple 

logistic regression analysis revealed that high BMI (p = 

0.005) was the only factor independently associated with 

high risk of OSA (as determined by Berlin score) (Table 

3). Multiple linear regression analysis revealed that sex 

(p=0.008) and WOMAC score (p=0.001) were 

independently associated with high insomnia severity 

(according to ISI score). We found male patients had lower 

ISI score than female patients, while higher WOMAC 

score was associated with higher ISI score (Table 4). 
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Table 2: Summary of variables and analysis results with regard to osteoarthritis stage. 

Parameters 
Osteoarthritis 

P value 
Stage 1 (N=31) Stage 2 (N=32) Stage 3 (N=33) Stage 4 (N=31) 

Age 46.32±11.19a 57.97±8.26b 60.03±7.83b 62.61±10.21b <0.001 
Sex (%)      
Female 26 (83.9) 30 (93.8) 26 (78.8) 25 (80.6) 

0.327 
Male 5 (16.1) 2 (6.3) 7 (21.2) 6 (19.4) 

Body mass index 
28.1  
(26.2-31.0)a 

31.2  
(28.8-34.75)b 

32.4  
(29.7-35.6)b,c 

38.5  
(31.6-41.0)c 

<0.001 

WOMAC score, % (range) 
22.91  
(6.25-44.79)a 

52.08  
(33.00-65.10)b 

59.37  
(39.58-71.87)b 

62.50  
(51.04-72.90)b 

<0.001 

WOMAC pain score, % (range) 3 (1-4)a 6 (4-8)b 11.5 (8.5-14)c 12 (11-15)c <0.001 
Berlin Questionnaire score (%)      
Low risk 20 (64.5) 13 (40.6) 11 (33.3) 6 (19.4) 

0.003 
High risk 11 (35.5) a 19 (59.4)ab 22 (66.7)a.b 25 (80.6)b 
Insomnia Severity Index score 8 (2-14) 8 (5-17) 7 (4-13) 12 (6-17) 0.414 

Data are given as mean±SD or median (1st quartile - 3rd quartile) for continuous variables according to normality of distribution and as 
frequency (percentage) for categorical variables. Same letters denote the lack of statistically significant difference between groups. 

                                                                                                                                                                                                         
Table 3: Significant factors independently associated with high risk of sleep apnea syndrome, logistic 

regression analysis results. 

Parameters 
Univariable Multivariable 
OR (95% CI) P value OR (95% CI) P value 

Age 1.031 (0.998-1.065) 0.068 - - 
Sex, Male 0.759 (0.290-1.990) 0.575 - - 
Body mass index 1.190 (1.093-1.297) <0.001 1.150 (1.044-1.267) 0.005 
Osteoarthritis     
Stage 2 2.657 (0.959-7.364) 0.060 0.795 (0.227-2.787) 0.719 
Stage 3 3.636 (1.296-10.207) 0.014 0.427 (0.056-3.246) 0.411 
Stage 4 7.576 (2.386-24.058) 0.001 0.477 (0.045-5.055) 0.539 
WOMAC score 1.036 (1.019-1.053) <0.001 1.013 (0.984-1.043) 0.379 
WOMAC pain score 1.217 (1.111-1.334) <0.001 1.166 (0.892-1.525) 0.261 
Nagelkerke R2 - 0.323 

Table 4: Significant factors independently associated with greater insomnia severity, linear regression 
analysis results. 

 Parameters 
  

Univariable Multivariable 
Unstandardized 
coefficients  
(95% CI) 

Standardized 
coefficients 

P value 
Unstandardized 
coefficients 
(95% CI) 

Standardized 
coefficients 

P value 

Age 
-0.007  
(-0.115-0.102) 

-0.011 0.906 - - - 

Sex, Male 
-5.366  
(-8.552-2.180) 

-0.286 0.001 
-4.308  
(-7.492-1.125) 

-0.225 0.008 

Body mass index 
-0.003  
(-0.184-0.178) 

-0.003 0.975 - - - 

Osteoarthritis       

Stage 2 
1.877  
(-1.547-5.301) 

0.119 0.280 - - - 

Stage 3 
-0.148  
(-3.546-3.251) 

-0.009 0.932 - - - 

Stage 4 
2.258  
(-1.193-5.709) 

0.142 0.198 - - - 

WOMAC score 
0.098  
(0.054-0.142) 

0.369 <0.001 
0.113  
(0.046-0.180) 

0.422 0.001 

WOMAC pain 
score 

0.287  
(0.029-0.544) 

0.194 0.029 
-0.186  
(-0.550-0.179) 

-0.126 0.315 

Adjusted R2 - 0.178 

Regression 

model 
- F=10.025, p<0.001 
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DISCUSSION 

The number of studies investigating the relationship 

between the radiological stage of knee osteoarthritis and 

the risk of OSA and the severity of insomnia is quite 

limited. In the present study, it was observed that the risk 

of OSA increased with higher osteoarthritis stage. In 

addition, mean age, median BMI, median WOMAC total 

score and pain subscore were significantly higher in 

patients with more advanced radiological stage of 

osteoarthritis. However, BMI was the only independent 

risk factor associated with greater risk of OSA in patients 

with osteoarthritis. The risk factors independently 

associated with greater severity of insomnia in patients 

with osteoarthritis were female sex and high WOMAC 

total score. 

Osteoarthritis and OSA may seem like two unrelated 

diseases, but have many common features, including aging 

and metabolic disorders (obesity, molecular mechanisms, 

cardio-metabolic disorders, sleep deprivation and 

depression etc.).2,11 The multivariable results of this study 

did not identify osteoarthritis stage as a factor 

independently associated with greater OSA risk. However, 

in univariate analysis, the percentage of patients with high 

OSA risk in the stage 4 group (80.6%) was found to be 

significantly higher than those in stage 1 (35.5%).  

The higher BMI of high-stage patients may have been 

effective in the formation of these results. In a cluster-

randomized controlled study, similarly, high BMI was 

cited as one of the risk factors associated with an increased 

risk of OSA.4 Contrarily, in a study investigating the 

relationship between the severity of OSA determined by 

polysomnography and the severity of osteoarthritis 

determined by the Kellgren-Lawrence scoring system, a 

strong positive correlation was found between the severity 

of the two diseases, independent of BMI, and it was 

concluded that OSA could be an important novel risk 

factor for osteoarthritis.11  

Interestingly, Diaz et al reported that osteoarthritis 

increased the risk of new-onset OSA in the elderly, but was 

not associated with chronic OSA.19 In another study, 

although more than one-third of patients were at high risk 

for OSA, being at high risk did not yield a significant 

influence on risk.20 However, in the comprehensive 

analysis of Gaspar et al it was concluded that both diseases 

may be risk factors for each other. As a rationale, it has 

been shown that the hallmark features of OSA increase 

pain perception, fatigue and depression, which in turn 

decreases sleep quality and quality of life and increases 

osteoarthritis-related depression in osteoarthritis patients 

with OSA. They also noted that chronic pain in 

osteoarthritis patients causes loss of movement, sedentary 

lifestyle, and sleep disturbance, which may contribute to 

obesity thereby increasing OSA risk.2 Although clinical 

data appears to be somewhat supportive of possible 

relationships between the two diseases, clarifying common 

molecular and physical mechanisms between the two 

diseases and solving the obesity problem (by considering 

it as both a cause and a result), can benefit management, 

especially among people with both diseases. Moreover, 

identification of these common mechanisms could lead to 

medical treatments that can be effective in both diseases. 

Insomnia is another common sleep disturbance, so its 

association with osteoarthritis is worth investigating, and 

many researchers have done so.1,21,22 While no significant 

relationship was found between the severity of insomnia 

and the severity of the radiological stage of osteoarthritis 

in the current study, a high WOMAC total score, which is 

an indicator of the clinical severity of osteoarthritis, was 

found to be an independent risk factor associated with 

greater severity of insomnia. Female sex was found as 

another risk factor for insomnia severity. In a population-

based study investigating sleep problems, it was noted that 

symptomatic hip or knee osteoarthritis was independently 

associated with an increased likelihood of reporting sleep 

problems, insomnia, and insufficient sleep.1 The increased 

pain and decreased physical function in osteoarthritis are 

likely to be related to insomnia. It is thought that insomnia 

caused by pain contributes to the disruption of central pain 

modulatory processes, and thus exacerbating 

insomnia.22,23-25 Smith et al. investigated the possibility of 

treating insomnia to improve these centrally-regulated 

features of osteoarthritis pain and achieved positive 

results.21 A cluster-randomized controlled trial indicated 

that the factors associated with insomnia severity in 

patients with osteoarthritis were older age, post-traumatic 

stress disorder diagnosis, high WOMAC pain score, and 

presence of depressive symptoms.4 Contrary to this highly 

probable relationship between osteoarthritis pain and 

insomnia, the current study's multivariable analysis did not 

reveal a significant relationship between insomnia severity 

and pain score. On the other hand, the significant effects 

of total WOMAC score and female sex on the severity of 

insomnia could indicate other mechanisms (in addition to 

pain) that could elevate the risk of insomnia in 

osteoarthritis. Consistent with the results of this study, in a 

community cohort with hip/knee osteoarthritis, higher 

WOMAC score was shown as an independent risk factor 

for poor sleep.26 The association of WOMAC score with 

sleep disorders has been replicated in other studies.27,28 In 

addition, while there was no significant relationship 

between the radiological staging of osteoarthritis and 

insomnia, the significant relationship between total 

WOMAC score and insomnia could indicate that 

WOMAC score might be a more effective indicator in 

evaluating the severity of osteoarthritis-related sleep 

problems. Consistent with the literature the higher number 

of female patients with osteoarthritis in this study may 

have been effective in this effect of sex on sleep 

disturbance.29,30 Additionally, the effect of hormonal 

changes and/or menopausal status on sleep and mood may 

be another reason for obtaining these results. We think that 

the clarification of these relationships with more 

comprehensive studies may contribute to the management 

of these two frequently co-occurring diseases. 
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In this study, we also examined the relationship with 

osteoarthritis radiological stage and age, sex, BMI, 

osteoarthritis clinical severity and osteoarthritis-related 

pain severity. We found that advanced age, high BMI, high 

WOMAC total score and pain subscore were positively 

associated with the radiological stage of osteoarthritis. 

Allen et al. found that patients with symptomatic 

osteoarthritis had significantly higher BMI and age 

compared to non-symptomatic patients, but surprisingly, 

obesity was not found to be associated with sleep 

problems.1 It has been well-established that advanced age 

and obesity are risk factors for osteoarthritis.2,10,31,32 

Although the incidence of osteoarthritis increases with 

age, secondary osteoarthritis cases that occur as a result of 

joint injury are common among young individuals.2,33 It is 

thought that advanced age contributes to the formation of 

osteoarthritis through multiple mechanisms, including 

increased adiposity, loss of skeletal muscle mass, 

alteration of circadian rhythm, and changes in age-related 

markers.2,9,34-37 The relationship between obesity and 

osteoarthritis is explained with mechanical stress, 

increased adipocytes, and increased pro-inflammatory 

macrophages in adipose tissue.2 Since osteoarthritis is a 

disease with joint degeneration, pathologies such as joint 

pain, stiffness and physical dysfunction are expected. 

WOMAC is used to determine the severity of these three 

domains and therefore, WOMAC scores could correlate 

with radiological stage of osteoarthritis.27 While Cubukcu 

et al. found a significant relationship between the 

Kellgren-Lawrence rating scale and age or disease 

duration, they did not find any of the WOMAC subscores 

to be associated with the Kellgren-Lawrence rating scale, 

contrary to our results.29 Some other studies also support 

these findings.38,39 In another study, a significant 

relationship between radiological scoring and WOMAC 

score was mentioned.40 One reason for the differences 

among studies may be that the WOMAC scoring is a self-

reported scoring system, which may have the potential to 

affect the results. Another reason may be that, although the 

radiological classification is based on objective findings, 

there are likely to be observational differences among 

classifiers. Therefore, until the relationship between 

radiological and clinical severity assessment methods is 

clarified, it seems more logical to interpret the results of 

these two methods together. 

The fact that this is a single-center study limits our ability 

to generalize the results. If there was a control group in the 

comparison of some parameters, the results might have 

been more valuable in terms of advanced interpretations. 

The lack of some factors that may affect the results of the 

instruments used in the study, such as poor overall health, 

psychological distress, social support, education, 

socioeconomic status, menopausal status, laboratory 

disorders and the drugs used, also appear to limit the 

conclusions.14,20,26,41 Polysomnography, which is the gold 

standard of assessment, could not be used to assess OSA 

due to the difficulty of implementation, difficulty in 

patient acceptance, and ethical problems. Instead, the 

Berlin questionnaire, which only performs OSA risk 

classification, was used. However, the place of the Berlin 

questionnaire in the diagnosis of OSA is controversial.16 

Many of the instruments are self-reported and the lack of 

more objective tools may have affected the reliability of 

the results. Although regression analysis minimizes 

confounding effects caused by differences in age, BMI and 

other factors, these factors may have influenced outcomes. 

CONCLUSION 

In conclusion, our univariate analyses showed that 

advanced age, high BMI, high WOMAC total score, high 

WOMAC pain subscore, and high OSA risk were 

associated with greater radiological stage of knee 

osteoarthritis. In multivariable analysis, high BMI was 

determined as the only independent risk factor associated 

with higher OSA likelihood, while advanced age and high 

WOMAC total score were determined as independent risk 

factors for greater insomnia severity. Patients with a high 

BMI have an increased risk of OSA; therefore, weight loss 

therapy may be beneficial for osteoarthritis patients with 

higher BMI. Patients with a high WOMAC score can be 

expected to have higher radiological osteoarthritis stage 

and insomnia severity. Therefore, the WOMAC score can 

be used to predict the severity of osteoarthritis and 

insomnia and to develop management modalities for them. 

Given the risk of sleep problems exacerbating pain and 

disability from osteoarthritis, we recommend taking 

additional precautions for both insomnia and OSA among 

these subjects. However, more comprehensive studies are 

needed to investigate and manage osteoarthritis-specific 

sleep disorders, with the inclusion of various factors 

associated with sleep health. 
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