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Objective: The aim of this study was to investigate possible associations between obstructive sleep apnea and fatigue. This naturally led to considering the association between OSA and excessive sleepiness, depression, and anxiety.

Background: OSA is a highly prevalent sleep disorder, associated with a risk of hypertension, cardiovascular events, daytime sleepiness, poor cognitive function, and sudden death during sleep. Both excessive sleepiness, fatigue, and symptoms of depression are frequently reported.

Method: 5,464 patients referred to a university hospital for obstructive sleep apnea underwent standard respiratory polygraphy. The severity of OSA was defined as either mild, moderate, or severe, using the apnea–hypopnea index. Validated questionnaires were used to assess excessive sleepiness, pathological fatigue, depression, and anxiety.

Results: Nearly 70% of the patients were men, and median age was 50 (range: 16–89) years. One in three had moderate-to-severe OSA (AHI ≥ 15). Excessive sleepiness and pathological fatigue were present in 43 and 39%, respectively. The prevalence of possible depression and anxiety was 19 and 28%, respectively. The proportion of patients with male sex, obesity, and excessive sleepiness increased with the severity of OSA. In contrast, the proportion of patients with pathological fatigue did not increase with OSA severity, and there was a decrease in depression and anxiety with increasing OSA severity.

Conclusion: Our study reports that pathological fatigue, as well as anxiety and depression, did not increase with OSA severity, whereas excessive sleepiness did. Knowledge concerning conditions related to OSA severity may be indicative of pretest probability of OSA and thus change the priority for polygraphy. Furthermore, the high prevalence rates of fatigue, anxiety, and depression among these patients warrant further investigations.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep disorder where airways are frequently obstructed during sleep—usually by collapsing upper airways (Veasey and Rosen, 2019). OSA is common, but the prevalence varies between different studies. A large Swiss population-based study among subjects aged 40–85 years found that 49% of men and 23% of women have moderate-to-severe (apnea–hypopnea index, AHI ≥ 15) OSA (Heinzer et al., 2015). A Norwegian population-based study among subjects aged 30–65 years reported a prevalence of 8% for moderate-to-severe OSA and 16% for mild-to-severe OSA (AHI ≥ 5; Hrubos-Strom et al., 2011). OSA is associated with an increased risk of hypertension, cardiovascular events (Peker et al., 2002), daytime sleepiness (Bjorvatn et al., 2015), poor cognitive function (Naegele et al., 1995), and sudden death during sleep (Gami et al., 2005). Among well-known risk factors are obesity (Young et al., 2004; Tuomilehto et al., 2013; Heinzer et al., 2015), male sex (Young et al., 2004; Sforza et al., 2011; Heinzer et al., 2015), and increasing age (Young et al., 2004; Edwards et al., 2010; Heinzer et al., 2015).

A common symptom of OSA is excessive daytime sleepiness, which can be described as the tendency to fall asleep during daytime (Sateia, 2014). A large American and a smaller Icelandic population-based study on subjective excessive sleepiness reported a prevalence of 8.7 and 13.1%, respectively (Bixler et al., 2005; Thorarinsdottir et al., 2019); the latter measured by a score of 11 or higher on the Epworth Sleepiness Scale (ESS). A Norwegian study based on ESS reports a 17.7% prevalence of excessive sleepiness (Pallesen et al., 2007). One of our former studies has shown excessive sleepiness in 46.5% of patients with mild OSA and 58.0% of patients with severe OSA (Bjorvatn et al., 2015).

Fatigue is described as “an imbalance between individuals’ energy potential and performance of daily activities” (Lerdal et al., 2005). In this state, individuals feel exhausted and unable to perform activities they normally expect of themselves. Thus, fatigue differs from sleepiness, as fatigue is defined by a lack of energy rather than a tendency to fall asleep. Fatigue and sleepiness are expressions that are often confused in non-scientific settings. Population-based studies on fatigue report a prevalence from 18.3 to 23.1% (Pawlikowska et al., 1994; Lerdal et al., 2005; Galland-Decker et al., 2019). It is common to assume that fatigue is associated with OSA. However, studies on patients with OSA have suggested that the fatigue is driven by depressive symptoms (Bardwell et al., 2003) or related to other underlying systemic diseases (Kaminska et al., 2012) and that it is not ameliorated by treatment of OSA with continuous positive airway pressure (CPAP; Economou et al., 2018).

It is generally accepted that there is a high prevalence of depressive symptoms in patients with OSA (Harris et al., 2009; Jackson et al., 2019). However, a study from Australia, including 109 patients with OSA, did not find an association between depression and OSA severity (Jackson et al., 2019). Furthermore, a study with 3,770 patients from our group showed that increased severity of OSA was associated with less depression and anxiety (Bjorvatn et al., 2018). The prevalence of depression in the general population has been found to be 5.2 and 5.9% in large studies from the United States and China, respectively (Ohayon, 2007; Zhou et al., 2014). Because depression is often coexistent with anxiety, we chose to include an assessment of anxiety in the present study. A Norwegian population-based study found the 12-month prevalence of generalized anxiety disorder to be 1.9% (Kringlen et al., 2001). A European literature study found the 12-month prevalence to be 0.2–4.3% (median 2.0%; Wittchen et al., 2011). A common tool for assessing depression and anxiety in a hospital setting is the Hospital Anxiety and Depression Scale (HADS; Zigmond and Snaith, 1983). A German population-based study found a prevalence of 21.0% with HADS anxiety (HADS A) score ≥8 and 23.7% with HADS depression (HADS D) score ≥8 (Hinz and Brahler, 2011).

It is essential to identify symptoms associated with OSA, as symptoms positively associated with OSA severity will increase the pretest probability of OSA and thus make it easier to prioritize patients for further testing with respiratory polygraphy or polysomnography. It may also pinpoint interesting areas for further research, as symptoms associated with OSA severity may be expected to respond to OSA treatment.

Thus, the present study aimed to investigate possible associations between fatigue and OSA and between sleepiness and OSA and whether any such associations would be related to OSA severity. We hypothesized that the prevalence of both pathological fatigue and excessive sleepiness would increase with OSA severity. As fatigue in OSA has been suggested to be driven by depressive symptoms (Bardwell et al., 2003), and depression and anxiety are often associated with each other, we also investigated whether depression and anxiety affect fatigue in patients with OSA.



MATERIALS AND METHODS


Participant Recruitment

The study was conducted on patients referred with suspicion of OSA to the Centre for Sleep Disorders at Haukeland University Hospital in Bergen, Norway, from 2011 through 2017. All referred patients were asked to sign a consent form for research. All consenting patients (n = 5,631) with suspected sleep apnea were recruited. Exclusion criteria were insufficient diagnostic data from polygraphy (n = 167), leaving 5,464 patients for further analyses.



Investigations

All patients underwent standard polygraphy with a type 3 portable monitor (Embletta™ or NOX T3, Resmed Norway AS). Most patients were recorded while sleeping at home, while a few slept in a hospital hotel. The apnea–hypopnea index/respiratory event index (AHI/REI) was autoscored by computer software but inspected and corrected manually by the sleep physician. Scoring was done in accordance with the American Academy of Sleep Medicine (AASM) Manual for the Scoring of Sleep and Associated Events version 2.4, with a 4% oxygen desaturation set as the limit for scoring hypopneas. OSA was defined as follows: Patients with AHI/REI <5 were defined as not having OSA, AHI/REI 5–14.9 as mild OSA, 15–29.9 as moderate OSA, and ≥ 30 as severe OSA (Epstein et al., 2009). Moderate-to-severe OSA (AHI/REI ≥15) was used as cutoff in some of the analyses, as the primary need for treatment is among patients with AHI ≥15 (American Academy of Sleep Medicine, 1999). Prior to polygraphy recording, all patients completed a questionnaire including Epworth Sleepiness Scale (ESS), Fatigue Severity Scale (FSS), and the Hospital Anxiety and Depression scale (HADS). Patients who did not respond to all questions in a questionnaire were excluded from all analyses directly related to that scale.

To assess sleepiness, we used the ESS (Johns, 1991). The ESS is a commonly used tool for assessing sleepiness, with eight described situations where the patient has to score the likeliness of dozing off in given situations, from 0 (no chance of dozing off) to 3 (high chance of dozing off). Sleepiness was defined using the sum of the scores for the eight different situations. A total score of 11 or higher was considered excessive sleepiness.

The FSS was used to assess fatigue. Patients were asked to assess nine different statements concerning fatigue and level them on a scale from 1 to 7, where 1 represents complete disagreement, and 7 is complete agreement with the statement (Krupp et al., 1989). The mean score from the nine statements was then calculated. A higher score indicated a higher level of fatigue. Different cutoff values for pathological fatigue are reported in the literature, with 4 being the most common (Herlofson and Larsen, 2002; Valko et al., 2008). A cutoff value of 5 was recommended in a large Norwegian study from 2005 to avoid over-diagnosing (Lerdal et al., 2005), and this was, therefore, applied in our study. However, additional analyses using a cutoff value of 4 were performed to reveal any discrepancies when applying different cutoff values.

Anxiety and depression were assessed with the Hospital Anxiety and Depression Scale (HADS; Zigmond and Snaith, 1983). HADS is a questionnaire based on the patient’s feelings during the last week. There are seven questions concerning anxiety and seven questions concerning depression, each rated on a scale from 0 to 3, with 3 being the worst. A sum score of 8 or higher on each subscale is indicative of the disorder but not diagnostic (Bjelland et al., 2002). Cutoff values of 8 were used in our analyses to separate patients with or without possible anxiety or depression, respectively.

During the consultation, weight and height were measured in order to calculate the patients’ body mass index (BMI), and BMI ≥ 30 was used as a cutoff for obesity.



Statistics

The data were analyzed with IBM SPSS Statistics version 26 (SPSS Inc., 2019, Armonk, NY, United States). Differences in patient characteristics according to OSA severity were explored using Pearson’s chi-square tests. Statistical analyses were performed using logistic regression, with moderate-to-severe OSA as the dependent variable and sex, age, obesity, excessive sleepiness, pathological fatigue, anxiety, and depression as predictors. Furthermore, we conducted both crude and adjusted (sex, obesity, age group, excessive sleepiness, pathological fatigue, anxiety, and depression) binary logistic regressions with different OSA severity levels (mild OSA as reference) as predictors, and with excessive sleepiness, pathological fatigue, depression, and anxiety as dependent variables. We also conducted multiple linear regressions with AHI as a continuous dependent variable. The level of significance was set to 0.05. Where median is used, the data were not normally distributed, but mean is presented in the tables to give additional information.




RESULTS

The median age was 50 (range 16–89) years. In total, 3,801 (69.6%) were men, 2,196 (41.1%) were obese, 3,993 (75.4%) were married or cohabiting, and 1,305 were living alone.

Moderate-to-severe OSA (AHI/REI ≥15) was found in 1,833 (33.5%) of the patients. Excessive sleepiness (ESS ≥ 11) was present in 2,232 (42.7%) patients, whereas 1,852 (38.6%) of the patients were considered pathologically fatigued (FSS ≥5). Further, 985 (19.0%) patients had symptoms of depression (HADS D score ≥ 8), and 1,469 (28.4%) had symptoms of anxiety (HADS A score ≥ 8; Table 1).



TABLE 1. Background characteristics of patients referred with suspected obstructive sleep apnea (OSA) to the centre for sleep disorders at Haukeland University Hospital in Bergen, Norway (n = 5,464).
[image: Table1]

While males constituted 68.4% of patients with mild OSA, this increased to 82.9% in those with severe OSA. Similarly, the percentage of obese patients increased from 42.5% (mild OSA) to 65.7% (severe OSA). Among patients aged 50–69 years, the proportion increased from 47.4% (mild OSA) to 55.8% (severe OSA), and among patients 70 years and older, the increase was from 6.8% (mild OSA) to 10.2% (severe OSA). Among patients younger than 50 years, we found an inverse association between age and OSA severity, with a higher percentage of patients with mild OSA than with severe OSA. Excessive sleepiness also increased significantly with OSA severity, from 41.2% in mild OSA to 49.7% in severe OSA. However, the proportion of patients with pathological fatigue, depression, and anxiety did not increase depending on OSA severity. Of patients with mild OSA, 38.5% had pathological fatigue; the same prevalence was seen in patients with severe OSA. The prevalence of depression and anxiety was reduced from 18.9 and 29.1% in mild OSA, respectively, to 15.0 and 19.8% in severe OSA (Table 2).



TABLE 2. Associations between different severity levels of obstructive sleep apnea (OSA) and sex, body mass index (BMI), age, excessive sleepiness, pathological fatigue, possible depression, and possible anxiety, respectively, in patients referred with suspected sleep apnea to the Centre for Sleep Disorders at Haukeland University Hospital in Bergen, Norway (n = 5,464).
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In logistic regressions, male sex, older age, obesity, and excessive sleepiness were all positively associated with moderate-to-severe OSA, both in crude and adjusted analyses. However, there was no significant association between moderate-to-severe OSA and pathological fatigue in neither crude nor adjusted analyses. Anxiety was negatively associated with moderate-to-severe OSA in crude and adjusted analyses, whereas depression was only negatively associated with moderate-to-severe OSA in the crude analysis (Table 3).



TABLE 3. Logistic regression analyses with moderate-to-severe obstructive sleep apnea [OSA with apnea–hypopnea index/respiratory event index (AHI/REI) ≥ 15] as dependent variable among 5,464 patients referred to Haukeland University Hospital in Norway with suspected OSA.
[image: Table3]

Excessive sleepiness, pathological fatigue, depression, and anxiety were dependent variables in binary logistic regressions with different OSA levels as predictors (Table 4). Excessive sleepiness was significantly higher for patients with severe OSA as compared to mild OSA, both in crude and adjusted analyses. There were no significant associations between OSA severity (mild, moderate, or severe) and pathological fatigue. In contrast, the prevalence of depression and anxiety was significantly lower for patients with severe OSA as compared to mild OSA in both crude and adjusted analyses. Changing fatigue cutoff from FSS >5 to FSS >4 did not affect the results significantly, with one exception: With FSS > 4, there was no significant reduction of depressive symptoms after the data were adjusted for the other factors.



TABLE 4. Logistic regression with pathological fatigue, excessive sleepiness, possible depression, and possible anxiety as the dependent variables and OSA severity as covariate, among 3,619 patients referred to Haukeland University Hospital in Norway.
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Furthermore, we conducted multiple linear regressions with AHI (continuous parameter) as the dependent variable. These confirmed the results from binary logistic regressions, showing no significant relation between pathological fatigue and AHI (B = 0.76, SE = 0.67, β = 0.02, p = 0.254), a significant increase of excessive sleepiness with increasing AHI (B = 3.33, SE = 0.62, β = 0.09, p < 0.001) and a significant decrease of anxiety (B = −3.52, SE = 0.71, β = −0.09, p < 0.001) and depression (B = −1.64, SE = 0.81, β = −0.04, p < 0.001) with increasing AHI.



DISCUSSION

To the best of our knowledge, our study is the largest study on the association between fatigue and OSA, with more than 5,400 participants. Our initial hypothesis was that the prevalence of pathological fatigue and excessive sleepiness would increase with OSA severity. This was not confirmed for fatigue, as the prevalence of pathological fatigue remained the same irrespective of OSA severity.

Our data support the generally accepted notion that males and obese individuals have a higher risk of OSA and that these characteristics increase in prevalence with increasing severity of OSA. We found that male sex, older age, and obesity were the main predictors for OSA, all with odds ratios above 2.

There was a much higher prevalence of excessive sleepiness in our sample compared to the general population. Norwegian doctors are advised to refer patients with excessive sleepiness combined with snoring for OSA assessment. Excessive sleepiness has been shown to be associated with increasing OSA severity (Bjorvatn et al., 2015) and is generally considered to be a symptom of OSA (Veasey and Rosen, 2019). Our study confirms a high prevalence of excessive sleepiness among patients with OSA, and specifically a higher prevalence of excessive sleepiness in patients with severe OSA compared to patients with mild OSA, with an 8.5% difference in prevalence among the two. Still, it is worth noting that more than half of the patients with severe OSA did not have excessive sleepiness in accordance with the ESS.

Fatigue has been found to be associated with obesity, insomnia, and depression, but not with older age in the general population (Kim et al., 2017; Galland-Decker et al., 2019). Increased fatigue is seen in several patient groups, such as cancer patients (Stone et al., 2000; Berger et al., 2015), multiple sclerosis (Rooney et al., 2019), and Parkinson’s disease (Stocchi et al., 2014). Previous studies have suggested an association between fatigue and OSA (Hossain et al., 2005), but studies have also suggested that fatigue is not related to OSA severity (Kim et al., 2017). Studies have shown that the level of fatigue in OSA is driven by depressive symptoms rather than by OSA severity level, though OSA severity influenced fatigue severity (Bardwell et al., 2003, 2007). One small study suggests that fatigue in patients with OSA may be driven by low testosterone levels (Bercea et al., 2015); other studies suggest a link between increased cytokine levels and fatigue in patients with OSA (Mills et al., 2008; Zhou and Jolly, 2015).

The prevalence of pathological fatigue in our sample was 38.6% using FSS > 5, increasing to 56.0% using FSS > 4, about twice as high as the prevalence seen in general population studies. The percentage of patients with pathological fatigue was slightly lower among the patients with OSA than among the referred patients who did not meet the criteria for an OSA diagnosis and did not differ between the different severity levels of OSA, neither in crude nor in adjusted analyses. This may indicate that patients with fatigue symptoms are frequently referred to sleep clinics to assess whether their fatigue may be related to OSA.

The high prevalence of fatigue in this patient population, without any significant association between such symptoms and OSA severity, suggests that further studies are needed. A possible explanation for this high prevalence may be that referring doctors interpret them as being caused by a chronic lack of sleep. This may stimulate general practitioners to refer patients with OSA, even in the absence of other specific OSA symptoms. This view is supported by the finding of a higher prevalence of fatigue among referred patients without OSA, compared to those with an AHI/REI ≥5. Population-based studies focusing on these possible associations are warranted, as well as studies on how OSA treatment affects these symptoms. Our findings align with previous studies with smaller samples (Kim et al., 2017; Economou et al., 2018) that do not find any association between fatigue and OSA severity.

There was also a much higher prevalence of depression and anxiety in our sample compared to the general population. This may be because these conditions are associated with sleepiness and fatigue (Corfield et al., 2016), in turn raising the suspicion of OSA for the referring doctors. A literature review published in 2016 reports that anxiety severity is related to OSA severity, suggesting that treating sleep-disordered breathing may improve anxiety symptoms (Diaz and Brown, 2016). The relation between depression and OSA has been considered in former publications with conflicting results. There have been several studies finding no association between depression and OSA severity (Macey et al., 2010; Douglas et al., 2013; Bjornsdottir et al., 2016), though one study reported that depressive symptoms were positively correlated with OSA severity (Edwards et al., 2015). In our study, however, we found a negative association between mental illness and OSA severity, with a lower prevalence of depression and anxiety in patients with severe OSA as compared to patients with mild OSA. Our findings are consistent with a previous study from our group (Bjorvatn et al., 2018). Interestingly, however, in another recent study, we reported that CPAP treatment reduced symptoms of depression and anxiety in patients with OSA (Lundetrae et al., 2020). A community-based, Norwegian study from 2012 reported a negative association between OSA and psychiatric morbidity (Hrubos-Strom et al., 2012). As already discussed in one of our former studies (Bjorvatn et al., 2018), one possible reason for a lower prevalence of depression and anxiety with more severe OSA is that mental illness leading to fatigue may be perceived as OSA symptoms, leading to referral for polygraphy. If these patients do not have OSA or only mild OSA, this may lead to the false impression that severe OSA protects against mental illness. However, this hypothesis should imply that there would also be a negative association between fatigue and OSA severity, which we did not find in the present study. Another possibility is that daytime sleepiness in severe OSA leads to a light sedation, somewhat similar to the effect of benzodiazepines or sedating antidepressants that are often used to treat anxiety and depression. We have adjusted our data for daytime sleepiness and fatigue, but there may be other, similar factors that the questionnaires are not accurate enough to register. Further research on possible reasons for a negative association between depression, anxiety, and OSA severity is warranted, preferably studies from unselected samples of the general population.


Strengths and Limitations

A major strength of the present study is the large number of patients in a prospective study. The patients were referred for obstructive sleep apnea, which was objectively measured with polygraphy. A limitation with polygraphy is that it underestimates AHI compared to polysomnography (Nerfeldt et al., 2014). The patients were further evaluated with validated questionnaires for sleepiness, fatigue, depression, and anxiety. One particular strength was that the HADS questionnaire screens for non-vegetative symptoms and has been specifically validated for OSA patients (Law et al., 2014). The response rate was high for all questionnaires. Some limitations may be pointed out: Questionnaires, though validated, are always subjective. There are objective methods for measuring sleepiness (Carskadon et al., 1986), but these are resource demanding and not fit for such large studies. There are no good, objective methods for validating fatigue, depression, and anxiety. Other validated questionnaires for these conditions exist (Fisk et al., 1994; Kroenke et al., 2010; Chilcot et al., 2016), and using more than one validated questionnaire for each condition might increase the validity of these diagnoses. However, we would argue that the combination of validated questionnaires with high response rates allow us to draw conclusions transferrable to clinical practice.




CONCLUSION

Our study indicates that the prevalence of excessive sleepiness increases with increasing OSA severity, as shown in previous studies. The prevalence of pathological fatigue did not increase with increasing OSA severity, and the prevalence of anxiety or depression was lower with increasing OSA severity. However, the prevalence of fatigue, excessive sleepiness, anxiety, and depression among patients referred for suspicion of OSA was much higher than in the general population. Further studies are needed to explore possible reasons for these findings.



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

Written informed consent was obtained from all participants included in the study. The study was in accordance with the Declaration of Helsinki and approved by The Regional Committee for Medical and Health Research Ethics of Western Norway (2014/1060 REK Vest).



AUTHOR CONTRIBUTIONS

KM performed the statistical analyses, interpreted the results, drafted the initial manuscript, and revised the manuscript. SL, IS, and SG interpreted the results and revised the manuscript. BB conceptualized and designed the study, interpreted the results, and revised the manuscript. All authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.



ACKNOWLEDGMENTS

We wish to thank all participants in the study.



REFERENCES

 American Academy of Sleep Medicine (1999). Sleep-related breathing disorders in adults: recommendations for syndrome definition and measurement techniques in clinical research. The report of an American Academy of sleep medicine task force. Sleep 22, 667–689. doi: 10.1093/sleep/22.5.667 

 Bardwell, W. A., Ancoli-Israel, S., and Dimsdale, J. E. (2007). Comparison of the effects of depressive symptoms and apnea severity on fatigue in patients with obstructive sleep apnea: a replication study. J. Affect. Disord. 97, 181–186. doi: 10.1016/j.jad.2006.06.013 

 Bardwell, W. A., Moore, P., Ancoli-Israel, S., and Dimsdale, J. E. (2003). Fatigue in obstructive sleep apnea: driven by depressive symptoms instead of apnea severity? Am. J. Psychiatry 160, 350–355. doi: 10.1176/appi.ajp.160.2.350 

 Bercea, R. M., Mihaescu, T., Cojocaru, C., and Bjorvatn, B. (2015). Fatigue and serum testosterone in obstructive sleep apnea patients. Clin. Respir. J. 9, 342–349. doi: 10.1111/crj.12150 

 Berger, A. M., Mooney, K., Alvarez-Perez, A., Breitbart, W. S., Carpenter, K. M., Cella, D., et al. (2015). Cancer-Related Fatigue, Version 2.2015. J. Natl. Compr. Canc. Netw. 13, 1012–1039. doi: 10.6004/jnccn.2015.0122

 Bixler, E. O., Vgontzas, A. N., Lin, H. M., Calhoun, S. L., Vela-Bueno, A., and Kales, A. (2005). Excessive daytime sleepiness in a general population sample: the role of sleep apnea, age, obesity, diabetes, and depression. J. Clin. Endocrinol. Metab. 90, 4510–4515. doi: 10.1210/jc.2005-0035 

 Bjelland, I., Dahl, A. A., Haug, T. T., and Neckelmann, D. (2002). The validity of the hospital anxiety and depression scale. An updated literature review. J. Psychosom. Res. 52, 69–77. doi: 10.1016/S0022-3999(01)00296-3

 Bjornsdottir, E., Benediktsdottir, B., Pack, A. I., Arnardottir, E. S., Kuna, S. T., Gislason, T., et al. (2016). The prevalence of depression among untreated obstructive sleep apnea patients using a standardized psychiatric interview. J. Clin. Sleep Med. 12, 105–112. doi: 10.5664/jcsm.5406 

 Bjorvatn, B., Lehmann, S., Gulati, S., Aurlien, H., Pallesen, S., and Saxvig, I. W. (2015). Prevalence of excessive sleepiness is higher whereas insomnia is lower with greater severity of obstructive sleep apnea. Sleep Breath. 19, 1387–1393. doi: 10.1007/s11325-015-1155-5 

 Bjorvatn, B., Rajakulendren, N., Lehmann, S., and Pallesen, S. (2018). Increased severity of obstructive sleep apnea is associated with less anxiety and depression. J. Sleep Res. 27:e12647. doi: 10.1111/jsr.12647 

 Carskadon, M. A., Dement, W. C., Mitler, M. M., Roth, T., Westbrook, P. R., and Keenan, S. (1986). Guidelines for the multiple sleep latency test (MSLT): a standard measure of sleepiness. Sleep 9, 519–524. doi: 10.1093/sleep/9.4.519 

 Chilcot, J., Norton, S., Kelly, M. E., and Moss-Morris, R. (2016). The Chalder fatigue questionnaire is a valid and reliable measure of perceived fatigue severity in multiple sclerosis. Mult. Scler. 22, 677–684. doi: 10.1177/1352458515598019 

 Corfield, E. C., Martin, N. G., and Nyholt, D. R. (2016). Co-occurrence and symptomatology of fatigue and depression. Compr. Psychiatry 71, 1–10. doi: 10.1016/j.comppsych.2016.08.004 

 Diaz, S. V., and Brown, L. K. (2016). Relationships between obstructive sleep apnea and anxiety. Curr. Opin. Pulm. Med. 22, 563–569. doi: 10.1097/MCP.0000000000000326

 Douglas, N., Young, A., Roebuck, T., Ho, S., Miller, B. R., Kee, K., et al. (2013). Prevalence of depression in patients referred with snoring and obstructive sleep apnoea. Intern. Med. J. 43, 630–634. doi: 10.1111/imj.12108 

 Economou, N. T., Ilias, I., Velentza, L., Papachatzakis, Y., Zarogoulidis, P., Kallianos, A., et al. (2018). Sleepiness, fatigue, anxiety and depression in chronic obstructive pulmonary disease and obstructive sleep apnea - overlap - syndrome, before and after continuous positive airways pressure therapy. PLoS One 13:e0197342. doi: 10.1371/journal.pone.0197342 

 Edwards, C., Mukherjee, S., Simpson, L., Palmer, L. J., Almeida, O. P., and Hillman, D. R. (2015). Depressive symptoms before and after treatment of obstructive sleep apnea in men and women. J. Clin. Sleep Med. 11, 1029–1038. doi: 10.5664/jcsm.5020 

 Edwards, B. A., O'Driscoll, D. M., Ali, A., Jordan, A. S., Trinder, J., and Malhotra, A. (2010). Aging and sleep: physiology and pathophysiology. Semin. Respir. Crit. Care Med. 31, 618–633. doi: 10.1055/s-0030-1265902 

 Epstein, L. J., Kristo, D., Strollo, P. J. Jr., Friedman, N., Malhotra, A., Patil, S. P., et al. (2009). Adult obstructive sleep apnea task force of the American Academy of sleep, clinical guideline for the evaluation, management and long-term care of obstructive sleep apnea in adults. J. Clin. Sleep Med. 5, 263–276. doi: 10.5664/jcsm.27497

 Fisk, J. D., Ritvo, P. G., Ross, L., Haase, D. A., Marrie, T. J., and Schlech, W. F. (1994). Measuring the functional impact of fatigue: initial validation of the fatigue impact scale. Clin. Infect. Dis. 18 (Suppl. 1):S79. doi: 10.1093/clinids/18.Supplement_1.S79 

 Galland-Decker, C., Marques-Vidal, P., and Vollenweider, P. (2019). Prevalence and factors associated with fatigue in the Lausanne middle-aged population: a population-based, cross-sectional survey. BMJ Open 9:e027070. doi: 10.1136/bmjopen-2018-027070 

 Gami, A. S., Howard, D. E., Olson, E. J., and Somers, V. K. (2005). Day-night pattern of sudden death in obstructive sleep apnea. N. Engl. J. Med. 352, 1206–1214. doi: 10.1056/NEJMoa041832 

 Harris, M., Glozier, N., Ratnavadivel, R., and Grunstein, R. R. (2009). Obstructive sleep apnea and depression. Sleep Med. Rev. 13, 437–444. doi: 10.1016/j.smrv.2009.04.001

 Heinzer, R., Vat, S., Marques-Vidal, P., Marti-Soler, H., Andries, D., Tobback, N., et al. (2015). Prevalence of sleep-disordered breathing in the general population: the HypnoLaus study. Lancet Respir. Med. 3, 310–318. doi: 10.1016/S2213-2600(15)00043-0 

 Herlofson, K., and Larsen, J. P. (2002). Measuring fatigue in patients with Parkinson's disease – the fatigue severity scale. Eur. J. Neurol. 9, 595–600. doi: 10.1046/j.1468-1331.2002.00444.x 

 Hinz, A., and Brahler, E. (2011). Normative values for the hospital anxiety and depression scale (HADS) in the general German population. J. Psychosom. Res. 71, 74–78. doi: 10.1016/j.jpsychores.2011.01.005 

 Hossain, J. L., Ahmad, P., Reinish, L. W., Kayumov, L., Hossain, N. K., and Shapiro, C. M. (2005). Subjective fatigue and subjective sleepiness: two independent consequences of sleep disorders? J. Sleep Res. 14, 245–253. doi: 10.1111/j.1365-2869.2005.00466.x 

 Hrubos-Strom, H., Einvik, G., Nordhus, I. H., Randby, A., Pallesen, S., Moum, T., et al. (2012). Sleep apnoea, anxiety, depression and somatoform pain: a community-based high-risk sample. Eur. Respir. J. 40, 400–407. doi: 10.1183/09031936.00111411 

 Hrubos-Strom, H., Randby, A., Namtvedt, S. K., Kristiansen, H. A., Einvik, G., Benth, J., et al. (2011). A Norwegian population-based study on the risk and prevalence of obstructive sleep apnea. The Akershus sleep apnea project (ASAP). J. Sleep Res. 20, 162–170. doi: 10.1111/j.1365-2869.2010.00861.x

 Jackson, M. L., Tolson, J., Bartlett, D., Berlowitz, D. J., Varma, P., and Barnes, M. (2019). Clinical depression in untreated obstructive sleep apnea: examining predictors and a meta-analysis of prevalence rates. Sleep Med. 62, 22–28. doi: 10.1016/j.sleep.2019.03.011 

 Johns, M. W. (1991). A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep 14, 540–545. doi: 10.1093/sleep/14.6.540 

 Kaminska, M., Kimoff, R. J., Benedetti, A., Robinson, A., Bar-Or, A., Lapierre, Y., et al. (2012). Obstructive sleep apnea is associated with fatigue in multiple sclerosis. Mult. Scler. 18, 1159–1169. doi: 10.1177/1352458511432328 

 Kim, S. A., Koo, B. B., Kim, D. E., Hwangbo, Y., and Yang, K. I. (2017). Factors affecting fatigue severity in patients with obstructive sleep apnea. Clin. Respir. J. 11, 1045–1051. doi: 10.1111/crj.12682 

 Kringlen, E., Torgersen, S., and Cramer, V. (2001). A Norwegian psychiatric epidemiological study. Am. J. Psychiatry 158, 1091–1098. doi: 10.1176/appi.ajp.158.7.1091

 Kroenke, K., Spitzer, R. L., Williams, J. B., and Lowe, B. (2010). The patient health questionnaire somatic, anxiety, and depressive symptom scales: a systematic review. Gen. Hosp. Psychiatry 32, 345–359. doi: 10.1016/j.genhosppsych.2010.03.006 

 Krupp, L. B., LaRocca, N. G., Muir-Nash, J., and Steinberg, A. D. (1989). The fatigue severity scale. Application to patients with multiple sclerosis and systemic lupus erythematosus. Arch. Neurol. 46, 1121–1123. doi: 10.1001/archneur.1989.00520460115022

 Law, M., Naughton, M. T., Dhar, A., Barton, D., and Dabscheck, E. (2014). Validation of two depression screening instruments in a sleep disorders clinic. J. Clin. Sleep Med. 10, 683–688. doi: 10.5664/jcsm.3802 

 Lerdal, A., Wahl, A., Rustoen, T., Hanestad, B. R., and Moum, T. (2005). Fatigue in the general population: a translation and test of the psychometric properties of the Norwegian version of the fatigue severity scale. Scand. J. Public Health 33, 123–130. doi: 10.1080/14034940410028406 

 Lundetrae, R. S., Saxvig, I. W., Lehmann, S., and Bjorvatn, B. (2020). Effect of continuous positive airway pressure on symptoms of anxiety and depression in patients with obstructive sleep apnea. Sleep Breath. 25, 1277–1283. doi: 10.3389/fpsyg.2021.691495

 Macey, P. M., Woo, M. A., Kumar, R., Cross, R. L., and Harper, R. M. (2010). Relationship between obstructive sleep apnea severity and sleep, depression and anxiety symptoms in newly-diagnosed patients. PLoS One 5:e10211. doi: 10.1371/journal.pone.0010211 

 Mills, P. J., Kim, J. H., Bardwell, W., Hong, S., and Dimsdale, J. E. (2008). Predictors of fatigue in obstructive sleep apnea. Sleep Breath. 12, 397–399. doi: 10.1007/s11325-008-0192-8 

 Naegele, B., Thouvard, V., Pepin, J. L., Levy, P., Bonnet, C., Perret, J. E., et al. (1995). Deficits of cognitive executive functions in patients with sleep apnea syndrome. Sleep 18, 43–52. 

 Nerfeldt, P., Aoki, F., and Friberg, D. (2014). Polygraphy vs. polysomnography: missing osas in symptomatic snorers—a reminder for clinicians. Sleep Breath. 18, 297–303. doi: 10.1007/s11325-013-0884-6 

 Ohayon, M. M. (2007). Epidemiology of depression and its treatment in the general population. J. Psychiatr. Res. 41, 207–213. doi: 10.1016/j.jpsychires.2006.10.006

 Pallesen, S., Nordhus, I. H., Omvik, S., Sivertsen, B., Tell, G. S., and Bjorvatn, B. (2007). Prevalence and risk factors of subjective sleepiness in the general adult population. Sleep 30, 619–624. doi: 10.1093/sleep/30.5.619 

 Pawlikowska, T., Chalder, T., Hirsch, S. R., Wallace, P., Wright, D. J., and Wessely, S. C. (1994). Population based study of fatigue and psychological distress. BMJ 308, 763–766. doi: 10.1136/bmj.308.6931.763 

 Peker, Y., Hedner, J., Norum, J., Kraiczi, H., and Carlson, J. (2002). Increased incidence of cardiovascular disease in middle-aged men with obstructive sleep apnea: a 7-year follow-up. Am. J. Respir. Crit. Care Med. 166, 159–165. doi: 10.1164/rccm.2105124

 Rooney, S., Wood, L., Moffat, F., and Paul, L. (2019). Prevalence of fatigue and its association with clinical features in progressive and non-progressive forms of multiple sclerosis. Mult. Scler. Relat. Disord. 28, 276–282. doi: 10.1016/j.msard.2019.01.011 

 Sateia, M. J. (2014). International classification of sleep disorders-third edition: highlights and modifications. Chest 146, 1387–1394. doi: 10.1378/chest.14-0970

 Sforza, E., Chouchou, F., Collet, P., Pichot, V., Barthelemy, J. C., and Roche, F. (2011). Sex differences in obstructive sleep apnoea in an elderly French population. Eur. Respir. J. 37, 1137–1143. doi: 10.1183/09031936.00043210

 Stocchi, F., Abbruzzese, G., Ceravolo, R., Cortelli, P., D'Amelio, M., De Pandis, M. F., et al. (2014). Prevalence of fatigue in Parkinson disease and its clinical correlates. Neurology 83, 215–220. doi: 10.1212/WNL.0000000000000587

 Stone, P., Richards, M., A'Hern, R., and Hardy, J. (2000). A study to investigate the prevalence, severity and correlates of fatigue among patients with cancer in comparison with a control group of volunteers without cancer. Ann. Oncol. 11, 561–568. doi: 10.1023/A:1008331230608 

 Thorarinsdottir, E. H., Bjornsdottir, E., Benediktsdottir, B., Janson, C., Gislason, T., Aspelund, T., et al. (2019). Definition of excessive daytime sleepiness in the general population: feeling sleepy relates better to sleep-related symptoms and quality of life than the Epworth sleepiness scale score. Results from an epidemiological study. J. Sleep Res. 28:e12852. doi: 10.1111/jsr.12852

 Tuomilehto, H., Seppa, J., and Uusitupa, M. (2013). Obesity and obstructive sleep apnea – clinical significance of weight loss. Sleep Med. Rev. 17, 321–329. doi: 10.1016/j.smrv.2012.08.002 

 Valko, P. O., Bassetti, C. L., Bloch, K. E., Held, U., and Baumann, C. R. (2008). Validation of the fatigue severity scale in a Swiss cohort. Sleep 31, 1601–1607. doi: 10.1093/sleep/31.11.1601 

 Veasey, S. C., and Rosen, I. M. (2019). Obstructive sleep apnea in adults. N. Engl. J. Med. 380, 1442–1449. doi: 10.1056/NEJMcp1816152

 Wittchen, H. U., Jacobi, F., Rehm, J., Gustavsson, A., Svensson, M., Jonsson, B., et al. (2011). The size and burden of mental disorders and other disorders of the brain in Europe 2010. Eur. Neuropsychopharmacol. 21, 655–679. doi: 10.1016/j.euroneuro.2011.07.018 

 Young, T., Skatrud, J., and Peppard, P. E. (2004). Risk factors for obstructive sleep apnea in adults. JAMA 291, 2013–2016. doi: 10.1001/jama.291.16.2013

 Zhou, X., Bi, B., Zheng, L., Li, Z., Yang, H., Song, H., et al. (2014). The prevalence and risk factors for depression symptoms in a rural Chinese sample population. PLoS One 9:e99692. doi: 10.1371/journal.pone.0099692 

 Zhou, J., and Jolly, S. (2015). Obstructive sleep apnea and fatigue in head and neck cancer patients. Am. J. Clin. Oncol. 38, 411–414. doi: 10.1097/01.coc.0000436086.61460.cb 

 Zigmond, A. S., and Snaith, R. P. (1983). The hospital anxiety and depression scale. Acta Psychiatr. Scand. 67, 361–370. doi: 10.1111/j.1600-0447.1983.tb09716.x


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.

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.

Copyright © 2022 Mjelle, Lehmann, Saxvig, Gulati and Bjorvatn. 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/fpsyg-13-839408-t003.jpg
Category (n)

Crude OR (95% CI) Adjusted OR (95% CI)f

Sex

Female (1,663) ref.

Male (3,801) 224 (1.96-2.56) 2.71(2.30-3.20)
Age

<30years (512) ref.

30-49years (2200)  3.65 (2.64-5.04) 3.06 (2.14-4.37)

50-69years (2417)  8.20 (5.96-11.28) 8.32 (5.85-11.84)

270years (335) 11.63(7.9-16.95) 13.95 (8.99-21.65)
Obesity BMI 230

No (3,110) ref.

Yes (2,196) 216 (1.98-2.43) 2.42(2.11-2.79)
Excessive sleepiness £SS =11

No (3,123) e

Yes (2.275) 1.25(1.11-1.40) 1.30 (1.13-1.49)
Pathological fatigue FSS =5

No (3,303) ref.

Yes (1,993) 090 (0.79-1.02) 0.92(0.79-1.08)
Possible depression HADS D score =8

No (4,200) e

Yes (985) 0.85 (0.73-0.99) 087 (0.71-1.06)
Possible anxiety HADS A score 28

No (3,712) ref.

Yes (1,469) 0.68(0.59-0.77) 0.80 (0.67-0.95)

Moderate-to-severe OSA

OR, Odds ratio with significant values shown i italcs; Cl, confidence intervals; M,
Body Mass Index; ESS, Eoworth Sleepiness Scale; FSS, Fatigue Severity Scale, HADS,
Hospital Anxiety and Depression Scale.

'In the adjusted regression analyses, all parameters were entered together in the same mode!,





OPS/images/fpsyg-13-839408-t004.jpg
Excessive sleepiness Pathological fatigue Possible depression Possible anxiety

CrudeOR  Adjusted OR'  CrudeOR  Adjusted OR?  CrudeOR  Adjusted OR®  CrudeOR  Adjusted OR*

(95% Cl) (95% C) (95% C1) (95% Ci) (95% ) (95% ) (95% C1) (95% C1)
Mild OSA Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Moderate OSA  1.09(0.93-128) 1.13(0.94-1.36) 0.88(0.74-1.05) 0.88(0.72-1.07) 1.04(0.85-1.27) 1.13(0.87-1.46) 0.85(0.71-1.01) 088 (0.67-1.10)
Severe OSA 1.41(1.19-1.67) 1.36(1.11-1.65) 1.00(0.83-120) 1.08 (0.87-1.34) 0.75 (0.60-0.95) 0.70(0.52-0.95) 0.59(0.48-0.73) 0.68 (0.52-0.88)

Referred patients without OSA were excluded from the analyses shown in this table. OSA, Obstructive Sleep Apnea; OR, Odds ratio with significant values shown in italics; Cl,
Confidence interval,

'Adjusted for age group, sex, obesity, pathological fatigue, possible depression, and possible anxiety.

“Adjusted for age group, sex, obesily, excessive sleepiness, possible depression, and possible anxiety.

"Adjusted for age group, sex, obesily, excessive sleapiness, pathological fatigue, and possible anxiety.

“‘Adjusted for age group, sex, obesity, excessive sleepiness, pathological fatigue, and possible depression.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of Excessive Sleepiness, Pathological Fatigue, Depression, and Anxiety With Different Severity Levels of Obstructive Sleep Apnea



		Introduction



		Materials and Methods



		Participant Recruitment



		Investigations



		Statistics









		Results



		Discussion



		Strengths and Limitations









		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Acknowledgments



		References



















OPS/images/fpsyg-13-839408-t001.jpg
Missing, n (%)

Male patients, 1 (%) 3,801 (69.6) 0
Age, years, median/mean  50.0/49.2 (16-89) 0
range)

Married/cohabiting 3,993 (75.4) 166 (3.0)
patients, n (%)

Body mass index (BMI),  28.9/20.7 (14.4-63.1) 158 (2.9)
median/mean (range)

Obesity (BMI 230), n (%) 2,196 (41.1)

Smokers, n (%) 1,108 (21.6) 342(6.3)
AHI/REI median/mean 88/152(0-135.2) 0
range)

Moderate-to-severe OSA 1,833 (33.5) 0
(AHVREI 218), n (%)

Not OSA (AHIREI <5) n 1,845 (33.8) o
(%)

Mid OSA (AHVRE! 1,786 (32.7) 0
5-14.99), n (%)

Moderate OSA (AHI/REI 991 (18.1) 0
15-29.99), n (%)

Severe OSA (AHI/RE! 842(15.4) 0
>30), 1 (%)

Epworth Sleepiness Scale  10.0/9.7 (0-24.0) 235 (4.3)
[ESS), median/mean

range)

Excessive sleepiness 2232 (42.7)

ESS 211), n (%)

Fatigue Severity Scale 43/42(1.0-7.0) 669 (12.2)
FSS), median/mean

range)

Pathological fatigue 1,852 (38.6)

FSS 25),n (%)

Possible depression 985 (19.0) 279(6.1)
(HADS D score 28), n (%)

Possible anxiety 1,469 (28.4) 283(5.2)

(HADS A score >8), 1 (%)

AHI/RE], Apnea-hypopnea index/respiratory event index; OSA, obstructive sleep apnea;
HADS, Hospital Anxiety and Depression Scale.





OPS/images/fpsyg-13-839408-t002.jpg
Sex (male)

Obesity
BMI 230)
Age
<30years
30-49years
50-69years
>70years
Excessive
sleepiness
Pathological
fatigue
Possible
depression
Possible
anxiety

No OSA
% (n)

60.3
(112
27.7 (491)

19.7 (363)
50.1(925)
28.1(519)

1(38)
40.6 (720)

40.4 (658)
20.8 (363)

32.7 (571)

'Pearson chi-square test,

Significant values shown in itafics. *p<0.001;

Mild OSA
% (n)

68.4
(1221)
425 (738)

59(105)
399 (713)
47.4 (846)

658(122)
412 (705)

38.5 (601)
18.9 (319)

291 (493)

Moderate
0SA % (n)

77.7 (770)

436 (421)

2.1 (21)
30.2 (299)
58.7 (582)

9.0(89)
43.4(410)

35.6 (313)

19.3 (183)

26.1 (247)

Severe
0SA % ()

82.9 (698)

65.7 (546)

2.7(23)
312 (269)
55.8470)

10.2 (86)
497 (397)

38.5 (280)
15.0 (120)

19.8(158)

Chi-square
()’

1781 (3)*
342.9 (3)*

686.4 (9)*

209 (3)*
5%
12.0 (3>

47.6 (9"





OPS/images/cover.jpg
’ frontiers
in Psychology

Association of Excessive Sleepiness,
Pathological Fatigue, Depression,
and Anxiety With Different Severity
Levels of Obstructive Sleep Apnea









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Psychology





