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SUMMARY 

Background: Obesity, obstructive sleep apnoea (OSA) and hypertension frequently 

coexist and are associated with elevated cortisol levels. Identification and treatment of 

such patients is important when investigating for suspected Cushing’s syndrome and 

hypertension. Studies of the impact of continuous positive airway pressure (CPAP) on 

cortisol and blood pressure are limited by small sample size and show conflicting 

findings. We conducted a meta-analysis to document changes in the levels of cortisol 

and blood pressure in response to CPAP treatment of OSA. 

Methods: Meta‐analysis was conducted using RevMan (v5.3) and expressed in 

standardised mean difference (SMD) for catecholamines and mean difference (MD) 

for systolic (SBP) and diastolic blood pressure (DBP). The quality of the studies was 

evaluated using standard tools for assessing the risk of bias.  

Results: A total of 22 studies met our search criteria; they consisted of 16 prospective 

cohort studies (PCS) that recruited 385 participants and six randomized control trials 

(RCT) totalling 252 participants. Range of mean age was 41-62yr and BMI 27.2-

35.1kg/m2. CPAP treatment reduced plasma cortisol levels in PCS: SMD = -0.28 

(95%CI = -0.45 to -0.12), I2 = 0%, p = 0.79 and in RCT: SMD = -0.39 (95%CI = -0.75 

to -0.03), I2 = 28.3%, p = 0.25. CPAP treatment reduced SBP by 5.4 mmHg (95% 

confidence interval =1.7-9.1) and DBP by 3.3 mmHg (95% confidence interval = 1.0-

5.7). Inter-study heterogeneity was low for all studies. Bias in most RCT arose from 

the lack of blinding of participants and personnel. 

Conclusion: CPAP treatment in individuals with OSA reduces cortisol levels and 

blood pressure.  
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INTRODUCTION 

Obesity, obstructive sleep apnoea (OSA) and hypertension are common coexisting 

morbidities.1,2 These conditions pose a number of secondary health complications 

such as cardiovascular disease3 and other cardiometabolic disorders such as type 2 

diabetes mellitus and chronic renal disease.4,5 Studies in the US have indicated that 

25% of men and 11% of women over 40 years have OSA.6 Furthermore, between 30 

and 50% of individuals with essential hypertension have OSA,1,7 but many are not 

diagnosed.8-10 The main treatment for moderate to severe OSA is continuous positive 

airway pressure (CPAP). 

 

OSA results in hypothalamic-pituitary-adrenal (HPA) axis activation. Cortisol, one of 

the major stress hormones, is often elevated in patients with obesity,11 OSA12 and 

hypertension.13 Although there is also evidence that cortisol induces hypertension14 

and promotes adipose tissue expansion,15 the links between OSA, obesity and blood 

pressure are complex, and likely reciprocally related to each another.16,17 A limited 

number of case reports or small studies18,19 have shown that cortisol levels could be 

reduced to the reference range after CPAP treatment in pseudo-Cushing’s syndrome; 

however, there exist no large scale studies. An earlier systematic review of the 

association between OSA and cortisol changes with CPAP treatment showed 

conflicting findings.20 Moreover, given the clinical importance of the role of OSA on 

raised cortisol levels and hypertension, it is surprising that the assumption of CPAP to 

reduce cortisol levels and blood pressure has been based on such limited information. 

Therefore, a meta-analysis was needed to review current data and guide clinicians, 

especially when the clinical and biochemical diagnosis of hypercortisolism is often so 
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difficult. Here, we conducted such a meta-analysis to document changes in the levels 

of cortisol and blood pressure in response to treatment of OSA with CPAP. 

 

METHODS 

Search criteria 

Two investigators, followed PRISMA21 and Cochrane22 guidelines, and performed 

independently a literature search of MEDLINE, Google Scholar and Cochrane Library 

Central Register of Controlled Trials databases up to March 2021 using the key terms 

(British or US usage and abbreviations, e.g. CPAP and OSA): obstructive sleep 

apnoea, continuous positive airway pressure and plasma and salivary cortisol, 

hydrocortisone, corticosteroid, cortisone, glucocorticoid, urinary free cortisol or over-

night dexamethasone suppression test, and hypertension. No filters for language or 

data were used. The Boolean operators “AND” and “OR” were used to combine search 

terms. Relevant studies were hand‐searched within these references. 

 

Selection criteria 

Studies examining the effect of CPAP on cortisol in the OSA population were included 

irrespective of age, sex, race, comorbidities, duration of CPAP and treatment. Studies 

that fit the inclusion criteria were prospective cohort studies (PCS) and randomised 

control trials (RCT). Studies were excluded if they did not present numerical data for 

cortisol at baseline and end-point.  

 

Risk of bias 

The quality of the reports was evaluated using the risk of bias in non-randomised 

studies of interventions (ROBINS-I) tool for PCS23 and risk of bias assessed using 

https://www.sciencedirect.com/topics/medicine-and-dentistry/glucocorticoid


5 
 

Cochrane Collaboration’s tool for RCT.24 The risk of bias for each report was rated 

independently from low, moderate, serious or critical by two authors and any 

discrepancies were resolved by reciprocal discussion. 

 

Statistical analysis 

Meta-analysis was performed using Review Manager (RevMan, Version 5.3. 

Copenhagen: The Nordic Cochrane Centre, the Cochrane Collaboration, 2014). The 

standardised mean difference (SMD) was used to determine the effect size on cortisol 

to accommodate for a variety of ways they were measured. The SMD expresses the 

size of the intervention effect in each study relative to the variability observed in that 

study and was necessitated due to the different units in which cortisol levels were 

reported.25 Negative values indicate a fall of the variable with the intervention. The 

mean difference (MD) was used on the original scale of measurement to determine 

the effect size on systolic (SBP) and diastolic blood pressure (DBP). Pooled estimates 

of outcomes were obtained via the DerSimonian and Laird method using a random 

effects model.26 Statistical significance threshold was accepted as p <0.05. The I2 

statistic was used to assess heterogeneity of study results.27 

 

RESULTS 

After screening the literature, 22 studies comprising 647 participants met the above 

search criteria (Figure 1). A total of 335 subjects participated in the 15 PCS using 

plasma cortisol as outcome,28-42 and 50 subjects in the only one PCS using salivary 

cortisol.43 The three RCT using plasma cortisol as the outcome measure44-66 contained 

195 participants (105 in treatment groups and 90 controls), and the other three RCT 
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using salivary cortisol contained 57 participants (28 in treatment groups and 29 

controls).47-49 

  

The reported mean age ranged 31-62 yr, body mass index 29.6-46.9 kg/m2, SBP 119-

144 and DBP 66-93 mmHg (Table 1A & B). Baseline cortisol levels were variably 

reported in different units. The duration of CPAP treatment ranged from one day to 39 

months in PCS and one day to six months in RCT (Table 2A & B). The remaining 

sleep study characteristics are presented in Tables 1-2.  

 

CPAP treatment reduced (p < 0.05) the levels of plasma cortisol with in PCS: SMD = 

-0.28 (95%CI = -0.45 to -0.12), I2 = 0%, p = 0.79 (Figure 2) as well as in RCT: SMD = 

-0.39 (95%CI = -0.75 to -0.03), I2 = 28.3%, p = 0.25 (Figure 3). Including the one PCS 

study that used salivary cortisol43 increased the SMD slightly: -0.34 (95%CI = -0.48 to 

-0.20), I2 = 0%, p = 0.47 (Supplementary Figure 1). CPAP treatment also reduced 

the levels of salivary cortisol in RCT: SMD = -0.57 (95%CI = -1.11 to -0.03), I2 = 0%, 

p = 0.56 (Supplementary Figure 2A), as well as the levels of plasma and salivary 

cortisol presented together:  SMD = -0.42 (95%CI = -0.67 to -0.16), I2 = 0%, p = 0.50 

(Supplementary Figure 2B).  

 

Blood pressure was reported in six studies totalling 104 participants (Table 

2).29,32,36,44,49 CPAP treatment led to a blood pressure reduction: mean values for SBP 

were 5.4 mmHg (95%CI = 1.7-9.1 mmHg) (Figure 4A) and of DBP were 3.3 mmHg 

(95%CI = 1.0-5.7 mmHg) (Figure 4B). There was no evidence of inter-study 

heterogeneity (I2 = 0%). 
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Bias risk for PCS was evaluated using the ROBINS-I tool (Figure 5A). There was no 

evidence of bias due to confounding factors or in selection of participants. Five studies 

were considered to suffer bias due to deviations from intended interventions as CPAP 

treatment was less than a week. Missing data were assessed to cause a moderate 

risk of bias in seven studies.35,37,38,39,42,43 None of the studies had bias in measurement 

of outcomes. There was insufficient information from any of the studies for assessing 

bias in selection of the reported result. 

  

Risk of bias for the RCT assessed by random sequence generation (Figure 5B) 

showed a high risk in the majority of studies since they were not blinded,45-49 except 

one study which provided sham CPAP to the control group.44 Two studies were at risk 

of incomplete outcome data (baseline blood pressure).46,48 All of the studies used 

intention-to-treat analysis but lacked information of selective reporting bias as they did 

not mention the study protocol. The duration of CPAP treatment in the study by 

Nakamura was only one night.45 

 

DISCUSSION 

In this meta-analysis of data from 637 participants with OSA, we observe that CPAP 

treatment significantly reduced both plasma and salivary cortisol levels as well as both 

SBP and DBP. These findings provide important information to clinicians. Individuals 

undergoing investigation for suspected Cushing’s syndrome and for those with 

hypertension would benefit from an initial screening for OSA such as the Epworth 

sleepiness score and proceed to a sleep study if indicated. If OSA is present, CPAP 

treatment may help avoid false positive diagnosis of Cushing’s syndrome (pseudo-

Cushing’s syndrome) and lower blood pressure.  
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The impact of CPAP on cortisol and blood pressure has been debatable because of 

conflicting findings between studies. A number of factors could contribute to these 

discrepancies, primarily the wide variation in study designs and small sample sizes. 

For example, the duration of CPAP treatment varied from days to months. The 

minimum time for CPAP to fully lower the levels of cortisol is not known but one day 

of CPAP, as performed by two studies,33,44 would be unlikely to have a significant 

effect on the HPA axis. Studies such as Gaspar et al showed the level of cortisol 

measured at 4 months (46.5 ng/ml) was virtually identical to that measured after 24 

months (46.9 ng/ml) of CPAP treatment.38 

 

We found most studies used plasma cortisol, with some using salivary cortisol as 

outcome measures. Excluding the study using salivary cortisol from the rest of the 

forest plot in PCS, or splitting the six RCT into plasma and salivary cortisol studies 

showed CPAP had very similar effects on the reduction of cortisol measured from both 

sources. Observations from the present study complement our recent meta-analysis 

showing catecholamines and blood pressure were also reduced by CPAP 

treatment.50,51 The reduction of 5.4 mmHg of SBP and 3.3 mmHg DBP by CPAP in the 

present study was remarkably similar to the results observed in our previous meta-

analysis of CPAP and catecholamines.50 These findings together suggest that CPAP 

reduces stress induced by OSA. In response, secretion of stress hormones such as 

cortisol and catecholamines are also decreased. The relative contribution of these two 

hormones towards lowering blood pressure is not certain as most studies do not 

measure both cortisol and catecholamines simultaneously in the studies of the impact 

of CPAP on OSA and blood pressure. 
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As expected for a meta-analysis, certain limitations were identified in this study. These 

include differences in methods of measuring cortisol as described above. In addition, 

most studies did not document blood pressure after CPAP treatment. Furthermore, 

the reduction in blood pressure is small regarding clinical importance, but this provides 

an important insight into the underlying mechanisms linking OSA with the stress 

hormone cortisol and hypertension, which could be reversed to a certain extent by 

CPAP. There were also varying methods applied to control groups in the RCT, the 

majority received no treatment while only a few received sham CPAP treatment. This 

may introduce a risk of bias since sham CPAP treatment may exert greater influences 

on the participants52 which may underestimate the effect of CPAP itself on cortisol and 

blood pressure. Due to the nature of the study, it is probably impossible to disguise 

sham CPAP from patients as most of them are able to recognise whether sham CPAP 

or therapeutic CPAP were prescribed. Despite the well-known high prevalence of 

women with OSA, most studies did not recruit a sufficient number of female 

participants, therefore the findings from this study should not be extrapolated to the 

female population. Details on compliance to CPAP was not reported by most studies. 

Ideally, data confirming adherence with minimum of five hours a night is necessary for 

effectiveness. Furthermore, there was also a lack of data confirming that CPAP is 

effective in overcoming the obstructions with a reduction in the apnea-hyponea index. 

 

In conclusion, CPAP treatment in individuals with OSA reduces cortisol levels and 

blood pressure. Identification and treatment of such patients is important when 

investigating for suspected Cushing’s syndrome and hypertension.  
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LEGENDS 

Figure 1. QUOROM (quality of reporting of meta-analyses) flow chart of literature 

search. 

 

Figure 2. Changes in plasma cortisol levels with and without continuous positive 

airway pressure treatment in prospective cohort studies. 

 

Figure 3. Changes in plasma cortisol with and without continuous positive airway 

pressure treatment in randomised control trials. 

 

Figure 4. Changes in systolic (A) and diastolic (B) blood pressure with and without 

continuous positive airway pressure treatment. 

 

Figure 5. Risk of bias of prospective cohort studies evaluated by ROBINS-I tool (A) 

and risk of bias of randomised control trials evaluated by Cochrane Collaboration’s 

tool (B). 

  



12 
 

REFERENCES 

1. Silverberg DF, Iaina A, Oksenberg A. Treating obstructive sleep apnea improves 

essential hypertension and quality of life. Am Fam Physician. 2002;65:229-236. 

2. Jehan S, Zizi F, Pandi-Perumal SR, Wall S. et al. Obstructive sleep apnea and 

obesity: implications for public health. Sleep Med Disord. 2017;1. pii: 00019. 

3. Marin JM, Carrizo SJ, Vicente E. et al. Long-term cardiovascular outcomes in men 

with obstructive sleep apnoea-hypopnoea with or without treatment with 

continuous positive airway pressure: an observational study. Lancet. 

2005;365:1046-1053 

4. Basoglu OK, Sarac F, Sarac S. et al. Metabolic syndrome, insulin resistance, 

fibrinogen, homocysteine, leptin, and C-reactive protein in obese patients with 

obstructive sleep apnea syndrome. Ann Thorac Med. 2011;6:120-125. 

5. Hoyos CM, Drager LF, Patel SR. OSA and cardiometabolic risk: What's the bottom 

line?. Respirology. 2017;22:420-429. 

6. Kapur V, Strohl KP, Redline S. et al. Underdiagnosis of sleep apnea syndrome in 

US communities. Sleep Breath. 2002;6:49-54.  

7. Williams AJ, Houston D, Finberg S. et al. Sleep apnea syndrome and essential 

hypertension. Am J Cardiol. 1985;55:1019-1022. 

8. Young T, Evans L, Finn L. et al. Estimation of the clinically diagnosed proportion 

of sleep apnea syndrome in middle-aged men and women. Sleep. 1997;20:705-

706. 

9. Fletcher, EC, DeBehnke, RD, Lovoi, MS. et al. Undiagnosed sleep apnea in 

patients with essential hypertension. Ann Intern Med. 1985;103:190-195. 

10. Silverberg, DS, Oksenberg, A, Iaina, A. Sleep related breathing disorders are 

common contributing factors to the production of essential hypertension but are 



13 
 

neglected, underdiagnosed, and undertreated. Am J Hypertens. 1997;10:1319-

1325. 

11. Björntorp P, Rosmond R. Obesity and cortisol. Nutrition. 2000;16:924-936. 

12. Ceccato F, Bernkopf E, Scaroni C. Sleep apnea syndrome in endocrine clinics. J 

Endocrinol Invest. 2015;38:827-834. 

13. Whitworth JA, Brown MA, Kelly JJ. et al. Mechanisms of cortisol-induced 

hypertension in humans. Steroids. 1995;60:76-80. 

14. Kelly JJ, Mangos G, Williamson PM. et al. Cortisol and hypertension. Clin Exp 

Pharmacol Physiol Suppl. 1998;25(S1):S51-S56. 

15. Newell-Price J, Bertagna X, Grossman AB. et al. Cushing's syndrome. The Lancet. 

2006;367:1605-1617. 

16. Peeke PM, Chrousos GP. Hypercortisolism and obesity. Ann N Y Acad Sci. 

1995;771:665-676. 

17. Varughese AG, Nimkevych O, Uwaifo GI. Hypercortisolism in obesity-associated 

hypertension. Curr Hypertens Rep. 2014;16:443. 

18. Bravis V, Todd J, Dhillo W. et al. Severe obstructive sleep apnoea causing a 

pseudo-Cushing. InSociety for Endocrinology BES 2009 2009 Mar 1 (Vol. 19). 

BioScientifica. 

19. Tamada D, Otsuki M, Kashine S. et al. Obstructive sleep apnea syndrome causes 

a pseudo-Cushing’s state in Japanese obese patients with type 2 diabetes 

mellitus. Endocr J. 2013;60:1289-1294. 

20. Tomfohr LM, Edwards KM, Dimsdale JE. Is obstructive sleep apnea associated 

with cortisol levels? A systematic review of the research evidence. Sleep Med Rev. 

2012;16:243-249. 

21. PRISMA. http://www.prisma-statement.org/ [Accessed March 2021].  

http://www.prisma-statement.org/


14 
 

22. Cochrane. https://training.cochrane.org/handbook/current/chapter-04 [Accessed 

March 2021]. 

23. Sterne JA, Hernán MA, Reeves BC. et al. ROBINS-I: a tool for assessing risk of 

bias in non-randomised studies of interventions. BMJ. 2016;355:i4919. 

24. Higgins JP, Altman DG, Gøtzsche PC. et al. The Cochrane Collaboration’s tool for 

assessing risk of bias in randomised trials. BMJ. 2011;343:d5928. 

25. Faraone SV. Interpreting estimates of treatment effects. P&T 2008; 33: 700-711. 

26. Higgins JPT, Thomas J, Chandler J. et al (Eds). Cochrane Handbook for 

Systematic Reviews of Interventions. 2nd Edition. Chichester (UK): John Wiley & 

Sons, 2019. 

27. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat 

Med 2002;21:1539-1558. 

28. Barceló A, Barbe F, de la Peña M. et al. Insulin resistance and daytime sleepiness 

in patients with sleep apnoea. Thorax. 2008;63:946-50. 

29. Henley DE, Buchanan F, Gibson R. et al. Plasma apelin levels in obstructive sleep 

apnea and the effect of continuous positive airway pressure therapy. J Endocrinol. 

2009;203:181. 

30. Chin K, Shimizu K, Nakamura T. et al. Changes in intra-abdominal visceral fat and 

serum leptin levels in patients with obstructive sleep apnea syndrome following 

nasal continuous positive airway pressure therapy. Circulation. 1999;100:706-

712. 

31. Bratel T, Wennlund A, Carlström K. Pituitary reactivity, androgens and 

catecholamines in obstructive sleep apnoea. Effects of continuous positive airway 

pressure treatment (CPAP). Respir Med. 1999;93:1-7. 



15 
 

32. Vgontzas AN, Pejovic S, Zoumakis E. et al. Hypothalamic-pituitary-adrenal axis 

activity in obese men with and without sleep apnea: effects of continuous positive 

airway pressure therapy. J Clin Endocrinol Metab. 2007;92:4199-4207. 

33. Follenius M, Krieger J, Krauth MO. et al. Obstructive sleep apnea treatment: 

peripheral and central effects on plasma renin activity and aldosterone. Sleep. 

1991;14:211-217. 

34. Cooper BG, White JE, Ashworth LA. et al. Hormonal and metabolic profiles in 

subjects with obstructive sleep apnea syndrome and the acute effects of nasal 

continuous positive airway pressure (CPAP) treatment. Sleep. 1995;18:172-179. 

35. Thiel S, Haile SR, Peitzsch M. et al. Endocrine responses during CPAP withdrawal 

in obstructive sleep apnoea: data from two randomised controlled trials. Thorax. 

2019;74:1102-1105. 

36. Tasali E, Chapotot F, Leproult R. et al. Treatment of obstructive sleep apnea 

improves cardiometabolic function in young obese women with polycystic ovary 

syndrome. J Clin Endocrinol Metab. 2011;96:365-374. 

37. Grunstein RR, Stewart DA, Lloyd H. et al. Acute withdrawal of nasal CPAP in 

obstructive sleep apnea does not cause a rise in stress hormones. Sleep. 

1996;19:774-782. 

38. Gaspar LS, Hesse J, Yalçin M. et al. Long-term continuous positive airway 

pressure treatment ameliorates biological clock disruptions in obstructive sleep 

apnea. EBioMedicine. 2021;65:103248. 

39. Tachikawa R, Ikeda K, Minami T. et al. Changes in energy metabolism after 

continuous positive airway pressure for obstructive sleep apnea. Am J Respir Crit 

Care Med. 2016;194:729-738. 



16 
 

40. Dyugovskaya L, Polyakov A, Lavie P. et al. Delayed neutrophil apoptosis in sleep 

apnea patients. Am J Respir Crit Care Med. 2008;177:544-554. 

41. Mokhlesi B, Grimaldi D, Beccuti G. et al. Effect of one week of CPAP treatment of 

obstructive sleep apnoea on 24‐hour profiles of glucose, insulin and counter‐

regulatory hormones in type 2 diabetes. Diabetes Obes Metab. 2017;19:452-456. 

42. Macrea MM, Martin TJ, Zagrean L. Infertility and obstructive sleep apnea: the 

effect of continuous positive airway pressure therapy on serum prolactin levels. 

Sleep Breath. 2010;14:253-257. 

43. Schmoller A, Eberhardt F, Jauch-Chara K. et al. Continuous positive airway 

pressure therapy decreases evening cortisol concentrations in patients with 

severe obstructive sleep apnea. Metabolism. 2009;58:848-853.  

44.  Kritikou I, Basta M, Vgontzas AN. et al. Sleep apnoea and the hypothalamic–

pituitary–adrenal axis in men and women: effects of continuous positive airway 

pressure. Eur Respir J. 2016;47:531-540.  

45. Nakamura T, Chin K, Shimizu K. et al. Acute effect of nasal continuous positive 

airway pressure therapy on the systemic immunity of patients with obstructive 

sleep apnea syndrome. Sleep. 2001;24:545-553. 

46. Meston N, Davies RJ, Mullins R. et al. Endocrine effects of nasal continuous 

positive airway pressure in male patients with obstructive sleep apnoea. J Intern 

Med. 2003;254:447-454.  

47. Ghiciuc CM, Dima Cozma LC, Bercea RM. et al. Restoring the salivary cortisol 

awakening response through nasal continuous positive airway pressure therapy 

in obstructive sleep apnea. Chronobiol Int. 2013;30:1024-1031. 

48. Raff H, Ettema SL, Eastwood DC. et al. Salivary cortisol in obstructive sleep 

apnea: the effect of CPAP. Endocrine. 2011;40:137-139. 



17 
 

49. Carneiro G, Togeiro SM, Hayashi LF. et al. Effect of continuous positive airway 

pressure therapy on hypothalamic-pituitary-adrenal axis function and 24-h blood 

pressure profile in obese men with obstructive sleep apnea syndrome. Am J 

Physiol Endocrinol Metab. 2008;295:E380-E384. 

50. Green M, Ken‐Dror G, Fluck D. et al. Meta‐analysis of changes in the levels of 

catecholamines and blood pressure with continuous positive airway pressure 

therapy in obstructive sleep apnea. J Clin Hypertens. 2021;23:12-20. 

51. Ken-Dror G, Wood M, Fluck D. et al. Continuous positive airway pressure therapy 

reduces the levels of catecholamines and blood pressure in 

pseudophaeochromocytoma with coexisting obstructive sleep apnoea. JRSM 

Cardiovasc Dis. 2021;10:1-8. 

52. Rodway GW, Weaver TE, Mancini C. et al. Evaluation of sham-CPAP as a placebo 

in CPAP intervention studies. Sleep. 2010;33:260-266. 

  



18 
 

Figure 1. 

 

  



19 
 

Figure 2. 
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Figure 3. 

 

  



21 
 

Figure 4. 
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Figure 5. 
(A) 
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Table 1A. Baseline physiological characteristics of participants in prospective 
cohort studies. 
 

  Mean ± standard deviation 

 Sex (M/F) Age (years) BMI (kg/m2) SBP (mmHg) DBP (mmHg) 

Prospective cohort studies      

Schmoller et al (2009)43 47/3 55.1±1.6 35.4±0.9 -- -- 

Barceló et al (2008)28 22/0 49.0±6.0 32.0±3.0 139±13 92±10 

Henley et al (2009)29 15/0 51.2±2.7 36.1±1.3 134.7±3.4 86.8±2.1 

Chin et al (1999)30 29/2 50.3±3.4 29.6±1.3 130.9±6.3 82.8±4.6 

Bratel et al (1999)31 16/0 51.3±3.7* 32.0±1.6* 143.8±4.3* 87.5±2.5* 

Vgontzas et al (2007)32 16/0 48.1±5.6 37.5±5.7 141.7±3.4 87.7±2.6 

Follenius et al (1991)33 7/0 40.0±1.0 35.8±2.9 141±8 92±8 

Cooper et al (1995)34 6/0 50.8±11.9 37.6±5.5 144±6.3 98±3.2 

Thiel et al (2019)35 27/6 60.9±10.8 34.6±5.8 -- -- 

Tasali et al (2011)36 0/19 31.2±1.2 46.4±2.4 115.8±4.8 65.9±2.6 

Grunstein et al (1996)37 8/0 56.9±8.6 33.0±7.0 -- -- 

Gaspar et al, (2021)38 34/0 54.6±1.8 31.3±0.8 -- -- 

Thiel et al (2019)35 31/6 62.0±10.6 32.7±6.5 -- -- 

Barceló et al (2008)28 22/0 50.0±5.0 31.0±4.0 147±22 93±11 

Tachikawa et al (2016)39 51/12 60.6±10.0 27.9±3.8 -- -- 

Dyugovskaya et al (2008)40 8/1 48.0±7.6 33.7±7.1 -- -- 

Mokhlesi et al (2016)41 6/6 54.6±10.2 37.7±8.7 -- -- 

Macrea et al (2010)42 14/0 57.0±2.8* 32.0±1.4* -- -- 

 
CPAP, continuous positive airway pressure; M/F, male/female; BMI, body mass 
index; SBP and DBP, systolic and diastolic blood pressure; *±SEM. 
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Table 1B. Baseline physiological characteristics of participants in randomised control trials. 
 

  Mean ± standard deviation 

 Sex (M/F) Age (years) BMI (kg/m2) SBP (mmHg) DBP (mmHg) 

RCT using plasma cortisol      

CPAP treatment      

Nakamura et al (2001)44 18/0 49.0±2.2 29.9±1.2 119±3.8 84.0±2.8 

Kritikou et al (2016)45 19/16 55.5±6.6 28.5±0.6 128.3±2.6 77.4±1.8 

Meston et al (2003)46 52 40-60 -- -- -- 

Control group      

Nakamura et al (2001)44 6/0 47.7±5.4 30.3±1.6 -- -- 

Kritikou et al (2016)45 20/17 53.3±5.9 27.3 122.8±13.7 75.0±7.8 

Meston et al (2003)46 49 40-60 -- -- -- 

RCT using salivary cortisol      

CPAP treatment      

Ghiciuc et al (2012)47 10/0 53.0±3.0 32.3±0.7 127±2 76±2 

Raff et al (2011)48 9 47.0±9.0 33.8±6.2 -- -- 

Carneiro et al (2008)49 9/0 40.1±2.8 46.9±2.0 133.1±3.3 79.6±1.3 

Control group      

Ghiciuc et al (2012)47 7/0 51.0±3.0 32.1±0.6 117±3 69±4 

Raff et al (2011)48 9 47.0±9.0 33.8±6.2 -- -- 

Carneiro et al (2008)49 13/0 38.8±3.3 42.8±1.3 127.6±2.3 76.1±1.9 

 
RCT, randomised control trial; CPAP, continuous positive airway pressure; M/F, male/female; BMI, body mass index; SBP and 

DBP, systolic and diastolic blood pressure. 
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Table 2A. Baseline sleep study characteristics of participants in prospective cohort studies. 
 

  Mean ± standard deviation 

 CPAP 
duration 

ODI 
(events/hr) 

TSat90 (%) LSat O2 (%) AHI 
(events/hr) 

ESS 

Prospective cohort studies       

Schmoller et al (2009)43 3 months 49.5±2.8  92.2±0.4 59.6±2.0  

Barceló et al (2008)28 3 months -- -- 69±12 52±19 16±3 

Henley et al (2009)29 93.8±2.2 days  45.3±9.4  -- -- 55.0±5.8 11.7±1.2 

Chin et al (1999)30 3-4 days -- 47.4±8.1 54.2±4.1 59.4±6.9 -- 

Bratel et al (1999)31 6-10 months 39.2±7.0 -- 85.2±1.6 43.3±4.7 -- 

Vgontzas et al (2007)32 4 days -- -- 72.4±2.1 53.3±7.0 -- 

Follenius et al (1991)33 1 day -- -- 84.2±3.6 91±9 -- 

Cooper et al (1995)34 3 days -- 31±23 67±19 60±15 -- 

Thiel et al (2019)35 2 weeks 49.4±25.1 -- -- 50.6±24.9 7.5±3.4 

Tasali et al (2011)36 8 weeks 12.4±3.4 -- -- 24.3±5.5 -- 

Grunstein et al (1996)37 2-9 years -- -- 80±5 62±9 -- 

Gaspar et al, (2021)38 4 months -- 22.4±4.3 76.8±1.9 45.7±4.5 9.8±0.7 

Thiel et al (2019)35 2 weeks 50.0±19.3 -- -- 51.8±20.0 7.0±3.5 

Barceló et al (2008)28 3 months -- -- 81±8 48±16 4±3 

Tachikawa et al (2016)39 3 months -- 16.8±20.3 76.5±8.3 42.2±19.9 8.7±5.3 

Dyugovskaya et al (2008)40 8.5±4.1 months -- -- -- 8.8±8.4 -- 

Mokhlesi et al (2016)41 1 week -- -- -- 41.0±29.9 -- 

Macrea et al (2010)42 11-39 months -- 37.0±12.0* 77.0±3.0* 28±6.2* (AI) -- 

 
CPAP, continuous positive airway pressure; ODI, oxygen desaturation index; TSat90, <90% saturation index; LSat O2, lowest 

(minimum) O2 saturation; AHI, apnoea-hypopnoea index; ESS, Epworth sleepiness scale; AI, arousal index;*±SEM.  
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Table 2B. Baseline sleep study characteristics of participants in randomised control trials. 
 
 

 CPAP 
duration 

ODI 
(events/hr) 

TSat90 (%) LSat O2 (%) AHI 
(events/hr) 

ESS 

RCT using plasma cortisol       

CPAP treatment       

Nakamura et al (2001)44 1 day -- 32.5±3.4 61.2±3.2 53.8±3.8 -- 

Kritikou et al (2016)45 2 months -- -- 82.1±1.1 38.5±2.7 -- 

Meston et al (2003)46 1 month -- -- -- -- -- 

Control group       

Nakamura et al (2001)44 -- -- -- -- -- -- 

Kritikou et al (2016)45 -- -- -- 90.3±4.6 2.3±1.9 -- 

Meston et al (2003)46 -- -- -- -- -- -- 

RCT using salivary cortisol       

CPAP treatment       

Ghiciuc et al (2012)47 3-6 months 58.4±9,4 -- 68.5±4.3 63.5±9.3 12.9±1.2 

Raff et al (2011)48 2 weeks -- -- -- 30.8±32.1 8.9±3.4 

Carneiro et al (2008)49 3 months -- -- -- 65.7±9.9 -- 

Control group       

Ghiciuc et al (2012)47 -- 4.9±0.8 -- 87.6±1.5 2.6±0.5 4.0±0.8 

Raff et al (2011)48 -- -- -- -- 30.8±32.1 10.7±4.3 

Carneiro et al (2008)49 -- -- -- -- 3.2±0.5 -- 

RCT, randomised control trial; CPAP, continuous positive airway pressure; ODI, oxygen desaturation index; TSat90, <90% 

saturation index; LSat O2, lowest (minimum) O2 saturation; AHI, apnoea-hypopnoea index; ESS, Epworth sleepiness scale. 
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SUPPLEMENTARY MATERIAL 
 
Figure 1. Changes in plasma cortisol levels with and without CPAP treatment in 

prospective cohort studies, including one salivary cortisol study by Schmoller et al.43 
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Figure 2. Changes in salivary cortisol only (A) and in plasma cortisol and salivary 

cortisol presented together (B), without and with CPAP treatment in RCT.  

(A) 

 

(B) 

 

 

 

 


