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Abstract: Patients with comorbid neurotic and anxiety disorders are more receptive of the discom-

fort accompanying continuous positive airway pressure therapy than average obstructive sleep ap-

nea patients. The purpose of the study was to analyze short-term and long-term continuous positive 

airway pressure therapy adherence data of patients with obstructive sleep apnea and comorbid anx-

iety and stress-related dyssomnias, as this group of disorders is expected to rise in the post-covid 

era. Study retrospectively analyzed clinical outcomes of obstructive sleep apnea patients. All sub-

jects with obstructive sleep apnea were diagnosed based on in-lab video polysomnography, further 

referred to CPAP titration and were invited for regular follow-up visits. The results showed that 

subjects with comorbid obstructive sleep apnea and anxiety-related disorders used ventilation ther-

apy more hours per day (6,690 hours/day vs. 5,000 hours/day, ****p<0,0001, anxiety (n=19) vs. con-

trols (n=60)). Patients from the anxiety group remained longer in our therapy program (7,086 years 

vs. 2,905 years, ****p<0,0001) and had markedly better control over their weight, as the body-mass 

index of the control group increased by +1,065 kg/m2 per year and the body-mass index in the ex-

amination group increased only by +0,296 kg/m2 every year. Our data document that obstructive 

sleep apnea patients on ventilation therapy, who do not have enough control over their increasing 

body weight might highly benefit from therapy approaches similar to patients with anxiety-related 

dyssomnias and that management of obstructive sleep apnea is not an obstacle in concomitant treat-

ment of neurotic and anxiety-related dyssomnias. 
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1. Introduction 

Recent months of covid-19 pandemic have undisputable impact not only on our 

healthcare and economic systems, but also, the pandemic impacts prominently our mental 

health. Frontline workers are dealing with depression, anxiety and stress in their work-

place and in their homes. The mental health burden of home confinement and imminent 

concern about social and financial safety impacts unfavorably the lives of communities in 

pandemic-struck countries. Among all these mentioned facts, we assume a relatively con-

siderable cluster of patients with an increasing ratio of sleep disorders, as the prevalence 

of dyssomnias during pandemic times and economic crisis typically rises. The very first 

covid-19-related data are already being published [1, 2]. Other covid-19 specific is the pro-

portion of long-lasting lockdowns and movement restrictions, affecting and changing our 

lifestyles. People have tendency to become more sedentary as a natural consequence of 

pandemic restrictions. Sedentary lifestyle than leads to weight gain, unhealthy life-style 

choices, habits and unhealthy sleeping hygiene [3, 4, 5, 6]. The 'obesity epidemic' will 

therefore be still a growing concern globally and obesity-related respiratory disease (e.g., 
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obesity related sleep disturbed breathing) will reflect an increasing proportion of patients 

in both inpatient and outpatient settings [7]. A part of obstructive sleep apnea (OSA) pa-

tients might be falsely diagnosed with insomnia and are sent for OSA screening and con-

sultation at the appropriate time or vice versa, also because dyssomnia and insomnia pe-

riods might have seasonal character and patients themselves are not able to identify their 

problem during the routine consultation with their sleep specialists. Moreover, some au-

thors posit that the frequency of anxiety in obstructive sleep apnea patients is higher than 

in the general population regardless of the gender, or that it is more likely that obstructive 

sleep apnea patients present with anxiety and depression than the typical symptoms [8].  

As many authors realize the temporary imminence of the post covid19 era, we might 

shortly see the impacts of covid19-related life-style changes such as local lockdowns and 

movement-restriction on our health. As a natural consequence, we might encounter 

higher incidence of obstructive sleep apnea risk factors - obesity and/or benzodiazepine 

sleep aids overuse, etc. Current scientific data, while still scarce, advocate an integrated 

and multidisciplinary approach that seems superior over the isolated treatment of each 

sleep disorder alone [9, 10]. 

1.1. Purpose of the study 

Our main pool of interest were obstructive sleep apnea patients in specific groups of 

comorbid sleep disorders: insomnias not due to a substance or known physiological con-

dition, primary and adjustment insomnias, psychophysiological insomnia, insomnias and 

sleep disorders in anxiety, panic or somatoform disorders - (further referred to as IAP - 

“insomnias, anxiety, panic disorders”).  

The key purpose of the study was to evaluate short-term and long-term continuous 

positive airway pressure (CPAP) therapy adherence data of patients with obstructive 

sleep apnea and comorbid dyssomnias. Specifically, we were interested in the outcomes 

of a cluster of patients with comorbid obstructive sleep apnea and dyssomnias related to 

difficulties in initiating and/or maintaining sleep (e.g., idiopathic insomnia, anxiety syn-

drome, panic disorder etc.). The important goal of the designed project was to analyze 

available long-term retrospective data with focus on the most actual global problems. The 

outcomes will help us in the fight against “post-covid syndromes” in the new era (such as 

obesity related obstructive sleep apnea syndrome, or dyssomnias in relation to internaliz-

ing disorders), so we can be better prepared to predict, address and manage arising sleep 

problems of our patients. Taking all these into account, our hypothesis was that patients 

with obstructive sleep apnea (OSA) and comorbid insomnias and internalizing disorders 

will experience more difficulties with ventilation therapy adherence over the course of 

time in comparison to a control group of patients without any known psychiatric disor-

ders.  

Excluded from the study were patients diagnosed with hypersomnia episodes in ma-

jor depressive disorders, bipolar disorders, schizoaffective disorders, narcolepsy, other 

hypersomnia and chronic fatigue syndrome. 

2. Materials and Methods 

First consultation regarding obstructive sleep apnea screening was in a form of meet-

ing and a dialogue, to put focus on OSA differential diagnosis, Epworth sleepiness scale 

assessment and introducing the patients into healthy sleep hygiene techniques. If obstruc-

tive sleep apnea was suspected, patients were admitted to in-lab video polysomnography 

and followingly CPAP titration.  

Dyssomnias and anxiety syndromes were diagnosed prior to obstructive sleep apnea 

and the IAP patients were instructed to continue with their routine pharmacological ther-

apy also on the day of polysomnography. Effect of CPAP therapy was tried if the ap-

nea/hypopnea index was over 15 events per hour of sleep. CPAP was considered effective, 

if the patient used the device at least 70% of the time, more than 4 hours per day and the 
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residual apnea/hypopnea index on CPAP was under 10 respiratory events per hour. Sub-

jects who started CPAP were invited for regular outpatients visits every 6-12 months to 

monitor their condition and therapy adherence. Patients were divided into two groups 

and matched for AHI, BMI, Epworth score and age at the time of obstructive sleep apnea 

diagnosis and CPAP initialization.   

Statistical analysis and data visualizations were performed using GraphPad Prism. 

Data are represented as medians, if not stated otherwise. Unpaired nonparametric Mann-

Whitney test was used to compare two sets of data. Probability analysis and Kaplan-Meier 

curves were used to portray best CPAP compliance probability and the risk of gaining 

weight for the duration of CPAP therapy program (hazard ratio, log-rank comparison). 

To inspect relationships between data, Spearman r correlation coefficient was calculated 

and results were considered significant if two-tailed p value was < 0,05 (confidence inter-

val 95%). The research and manipulation with medical records data was conducted ac-

cording to the principles of the Declaration of Helsinki. The study was designed as retro-

spective research on data available hence the authors did not seek ethical committee ap-

proval or informed consent. All data analyzed were collected as part of routine diagnosis 

and treatment. Patients were diagnosed and treated according to national guidelines. The 

tests and recordings mentioned in this article are essential for confirming diagnosis, clas-

sifying and treating patients. It is done for each patient as part of routine care.  

3. Results 

3.1. Examination group - IAP 

The database collected over the past 10 years was composed of 315 medical exami-

nation reports of 60 IAP patients (14 female, 46 male) who complied with our inclusion 

criteria for the test group. Continuous positive airway therapy was initiated in 36 patients 

with apnea/hypopnea index over 15 events/hour Table 1, but only 19 out of 36 [52,78%] 

subjects with comorbid obstructive sleep apnea and IAP were able to continue with the 

therapy in the long term. Most commonly reported complaints, negatively affecting pa-

tient’s adherence to the CPAP therapy, were feelings of anxiety about the mask interface 

disturbing their sleep and feelings of claustrophobia. Some of the patients did not tolerate 

even low CPAP pressure settings of 4 cmH2O. For detailed analysis of CPAP adherence, 

we have collected 189 medical examination reports from 19 patients with comorbid ob-

structive sleep apnea and IAP (3 female, 16 male) and compared the data with 60 ap-

nea/hypopnea index matched subjects in the control group. 

Table 1. Apnea/hypopnea index in patients with problems with maintaining and/or initiating 

sleep, based on video polysomnography results. 

Comorbid obstructive sleep apnea 

syndrome (OSA) 

AHI 

(events/hour

s 

n=60 

No OSA 0,00-4,99 14 [23,33%] 

Mild OSA 5,00-14,99 10 [16,67%] 

Moderate OSA 15,00-29,99 17 [28,33%] 

Severe OSA ≥ 30,00 19 [31,67%] 

3.2. Control group 

Our database consisted of 5039 medical records regarding OSA and CPAP from 1003 

patients (205 female and 798 male), which were recorded from subjects who visited our 

sleep laboratory over the past 10 years. Out of this database, we have selected a control 

group consisting of data from 60 apnea/hypopnea index matched patients with no known 

psychiatric disorder (14 female, 46 male, 315 medical examination reports regarding OSA 
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and CPAP), AHI=33,90 (24,05-68,14; 25%-75%) vs. AHI=38,83 (23,73-70,22; 25%-75%); 

p=0,9501; controls versus IAP.  

3.3. Short-term data 

Patients in both groups were invited for a first appointment within 6-12 months after 

the initialization of CPAP and later continued in regular visits every 6-12 months. Analy-

sis of the most recent data (first 8-16 months of CPAP therapy) showed that within the 

first months of continuous positive airway pressure therapy, there was no significant dif-

ference in deltaBMI (body mass index at the time of obstructive sleep apnea diagnosis 

compared to actual body mass index after the initialization of CPAP) between the two 

groups (deltaBMI +3,096 vs. +2,045; p=0,4625, controls vs. IAP). Subjects in both of the 

studied groups had a tendency to gain some amount of weight. Similarly, there was no 

significant difference in CPAP daily compliance in the first 2 years of CPAP (5,000 (2,973-

7,130; 25%-75%) hours/day vs. 4,368 (2,624-5,966; 25%-75%) hours/day; IAP vs. controls, 

p=0,1383).  

3.4. Long-term data 

Long-term data showed an interesting trend. Despite the fact, that after the initial 

CPAP trial only 52,78% of the IAP patients with comorbid obstructive sleep apnea and 

IAP agreed to continue in CPAP treatment, over the period of time, they complied signif-

icantly better with the treatment in term of daily hours and also, they tended to remain 

longer in the therapy program.   

Patients with comorbid obstructive sleep apnea and IAP used their CPAP more hours 

per day (6,690 hours/day vs. 5,000 hours/day, ****p<0,0001 IAP vs. controls), Figure 1. 

Analysis of compliance criteria (CPAP daily use over 4,000 hours per day) showed no 

significant difference in the ratio of compliant versus non-compliant patients (p=0,7473) 

between the groups. However, patients from the IAP group remained more years in our 

therapy program (7,086 years vs. 2,905 years, ****p<0,0001).  

 

Figure 1. Daily CPAP usage, long-term. Graphical representation of continuous positive airway 

pressure therapy usage by patients with sleep apnea displayed in average hours per day. Infor-

mation was derived from long-term data, as determined in regular medical examination reports 

from every 12 months. Patients diagnosed with problems with initiating and/or maintaining sleep 

(IAP) prior to obstructive sleep apnea diagnosis used CPAP ventilator notably more hours per day. 

Although patients in both groups could be categorized as compliant (median of daily use was over 

4.0 hours per day for patients in both groups). 
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Initial body-mass indexes of both groups at the time of obstructive sleep apnea diag-

nosis were similar (BMI=31,14 kg/m2 (27,71-37,59; 25%-75%) vs. BMI=31,06 kg/m2 (24.21-

37,58; 25%-75%), p=0,5639, controls vs. IAP) and their body weight increased over time. 

But interestingly, patients in the IAP group had markedly better control over their weight. 

In total, body weight of patients in the IAP group increased as the median of deltaBMI 

was +2,045 kg/m2 (-1,734-4,665; 25%-75%). DeltaBMI median in the control group was 

+3,096 kg/m2 (-2,210-6,253; 25%-75%), ****p<0,0001. Meaning, that the body-mass index of 

the control group increased by +1,065 kg/m2 per year and the body-mass index in the IAP 

group increased only by +0,296 kg/m2 every year, while subjects in both examined groups 

reached sufficient CPAP daily hours.  

There was no significant difference in age between our subjects. Median age of IAP 

group at the time of sleep apnea diagnosis was 56,00 years (47,00-60,00; 25%-75%) and 

median age of the control group was 55,50 years (47,25-62,00; 25%-75%), p=0,5031.   

Probability analysis and Kaplan-Meier curves in Figure 2 support hypothesis, that 

patients in IAP group have higher probability to meet compliance criteria (CPAP ≥ 4 

hours/day) over time compared to the control group (log-rank, ****p<0,0001). On the other 

hand, the probability to gain weight seems to be significantly higher in the control group 

(log-rank, ****p<0,0001, Figure 3).  

 

Figure 2. Probability of sufficient CPAP daily compliance. CPAP compliance is commonly referred 

to as sufficient if the patient is able to use the CPAP on average of 4 hours/day or more. Kaplan-

Meier estimate shows the probability of good compliance over the course of time in patients within 

the IAP group and controls. Patients in the IAP group not only used their device longer daily aver-

age hours but also the probability to stay compliant within the course of time was remarkably higher.  

3.5. Polysomnography parameters and subjective sleepiness from Epworth scale  

There was no significant difference in the baseline sleep parameters recorded from 

videopolysomnography prior to OSA diagnosis. All the patients had similar sleep effi-

ciency - 87,42% in IAP and 87,17% in the control group, p=0,9955. Also, deep sleep effi-

ciency was consistent between the groups (21,44% for IAP, 19,34% for controls, p=0,6449). 

Further, there was no difference in sleep latency, wake periods after sleep onset, arousal 

index,or total number of spontaneous and respiratory related arousals etc. Subjectively, 
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patients in both groups reported their daily sleepiness as increased, scoring over 10 points 

on the Epworth scale, p>0,999.   

Correlation analysis showed, that the CPAP usage hours of subjects in the control 

group significantly correlated with the deltaBMI (r=0,2273; ****p<0,0001). This effect was 

not present in the IAP patients, as the Spearman correlation coefficient was r=0,049 

(p=0,505). 

 

Figure 3. The hazard ratio of increasing body-mass index over time in obese obstructive sleep apnea 

patients with comorbid obstructive sleep apnea and problems with initiating and/or maintaining 

sleep seem to have much better control over their body weight. Patients with obstructive sleep ap-

nea and no known psychiatric disorder increased their weight significantly more over the time 

while continuing CPAP treatment with sufficient daily compliance.  

4. Discussion 

Total prevalence of comorbid IAP syndromes and obstructive sleep apnea is still un-

derrecognized and the coincidence of both groups of disorders is often overlooked [11]. 

Our results document rather a high proportion of IAP patients [47,22%], who are discour-

aged from continuous positive airway pressure therapy since their first in-lab titration 

night. As the IAP patients on CPAP were highly compliant with the ventilatory treatment 

in the long-term scale, we are confident that the method of introduction of the patients to 

their therapy program is one of the most vital variables. Based on these results and based 

on the newest conveniences of technology, we will decide to take the benefits of telemed-

icine in the future and to implement home-titration methods via telehealth interfaces. In 

this way, patients will win more time to familiarize themselves with the CPAP in a home 

environment. IAP patients in particular could highly profit from telemedicine and home-

titration trials and such data will have high medical value also in the future research.   

 Interestingly, our short-term data from the first 16 months of CPAP in apnea/hy-

popnea index-, body-mass index-, Epworth score- and age-matched subjects did not re-

veal any significant differences between the groups regarding daily CPAP usage or 

weight changes. As we recorded similar polysomnography sleep parameters (such as 

sleep latency, arousal index etc.) for both groups, we might deduce that the primary ther-

apy of IAP patients was adequate. Logically, average CPAP usage patterns correlate with 
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sleeping habits of adherent obstructive sleep apnea patients. Scientific analyses suggest 

that a greater percentage of patients will achieve normal functioning with longer nightly 

CPAP durations, but what constitutes adequate use varies between different outcomes 

[12]. 

Surprisingly, our long-term results documented that subjects in the IAP cohort 

achieved significantly higher daily CPAP usage hours with a median of 6,690 hours per 

day and if the IAP patients agreed to initiate long-term home CPAP therapy, they re-

mained considerably longer in the therapy program in comparison to the controls. We 

speculate that IAP patients benefited from pharmacological treatment and/or cognitive 

behavioral therapy strategies targeted at successful management of their primary disease. 

In the long term, IAP patients could have more experience in overcoming emerging un-

expected complications via psychotherapy techniques and those approaches were carried 

over as well to more effective management of challenging situations related to comorbid 

obstructive sleep apnea. Such postulate is also supported by the comparison of delta MI 

parameters between the control and IAP group. We calculated the change of body-mass 

index over time and the delta demonstrated significantly higher weight gain in the group 

of patients with no psychiatric diagnosis. Body-mass index of controls increased by +1,065 

kg/m2 per year and the body-mass index in the IAP group increased only by +0,296 kg/m2 

every year. Obesity and weight gain together shape a multifactorial phenomenon, which 

may have different causes, such as incorrect nutritional and dietary habits, psycho-social 

aspects and sedentary life-style [13]. In our cohort, IAP patients on CPAP seemed to have 

significantly better control over factors leading to dis-management of obesity risk factors, 

leading to decreased probability of weight gain over time (Figure 3). Adequate and well-

timed treatment of primary diagnosis undisputedly played the most important role for 

IAP patients. On the other hand, we can suspect that CPAP-adherent obstructive sleep 

apnea patients, who are not able to manage their weight gain in the long term, might ben-

efit from similar psychotherapy techniques or even pharmacotherapy as patients treated 

for anxiety-related and internalizing disorders. 

Importantly, the authors must mention several limitations which come with the de-

sign of this study. The research was conducted as a retrospective, observational and sin-

gle-centered which could potentially lead to some amount of subject selection and data 

collection bias. Authors did not intervene with the course of the study and also, they were 

not able to actively recruit more individuals into the study cohort.  

There are published numerous studies focusing on comorbid obstructive sleep apnea, 

sleep deprivation and anxiety/depression symptoms. Those studies analyzed the bidirec-

tional relationship, symptoms severity, suggest therapy options and agree on urgent need 

of deeper research in this field [8, 9, 10, 11]. Our observational study is first of its kind to 

evaluate both short-term and more importantly also the long-term clinical outcomes and 

CPAP ventilation therapy adherence of patients with comorbid obstructive sleep apnea 

and dyssomnias related to anxiety/internalizing disorders. Furthermore, until today there 

was no scientific evidence and no published data on long-term CPAP adherence and 

body-mass index changes in patients with comorbid obstructive sleep apnea and dyssom-

nias. The authors hypothesize benefits of telemedicine in future CPAP titration studies of 

patients suffering with anxiety and internalizing disorders, as the telemedicine will bring 

options for home-based multi-night CPAP titration and potentially more patients can ben-

efit from individualized patient-centered therapy approaches.  

5. Conclusions 

This study was designed to encourage sleep specialists to search out and identify 

groups of dyssomnia patients with possible comorbid obstructive sleep apnea syndrome 

who will have a potential to benefit from CPAP therapy. Our data clearly document pos-

itive long-term adherence to CPAP therapy also in neurotic and anxiety-related sleep dis-
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orders with comorbid OSA. We further suggest consideration of telemedicine as an ap-

propriate step and solution for CPAP-non-adherent patients with comorbid obstructive 

sleep apnea and anxiety-related and internalizing disorders. Our data document that OSA 

patients on CPAP, who do not have enough control over their increasing body weight 

might highly benefit from therapy approaches similarly to patients with anxiety-related 

and internalizing disorders. 
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