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Objective: The study worked with depressive symptoms, anxiety score and cognitive functions in obstructive sleep apnea (OSA) 
patients treated with CPAP.
Methods: Eighty-one subjects with OSA and without psychiatric comorbidity were treated with CPAP for one year and completed the 
following scales and cognitive tests: Trail Making Test, Verbal Fluency Test, d2 Test, Beck Depression Inventory-II and Beck Anxiety 
Inventory. MINI ruled out psychiatric disorder. At the two months check-up, subjects were re-evaluated for depressive and anxiety 
symptoms, and after one year of CPAP treatment, subjects repeated cognitive tests and scales. Data about therapy adherence and 
effectiveness were obtained from the patient’s CPAP machines.
Results: The study was completed by 59 CPAP adherent patients and eight non-adherent patients. CPAP therapy effectiveness was 
verified in all patients by decreasing the apnea-hypopnoea index below 5 and/or 10% of baseline values. The adherent patients 
significantly improved depressive and anxiety symptoms. There was also an improvement in overall performance in the attention test; 
however, performance in many individual items did not change. The adherent patients also improved verbal fluency and in the Part 
B of the Trail making test. The non-adherent group significantly increased the number of mistakes made in the d2 test; other results 
were non-significant.
Conclusion: According to our results, OSA patients’ mood, anxiety and certain cognitive domains improved during the one-year 
therapy with CPAP.
Trial Registration Number: NCT03866161.
Keywords: obstructive sleep apnoea, depression, cognitive functions, CPAP treatment, treatment efficacy, Trail Making Test, Verbal 
Fluency Test

Introduction
Obstructive sleep apnea (OSA) is the most frequent syndrome in the spectrum of sleep-disordered breathing. It is 
characterized by the presence of repeated airflow limitations throughout sleep. The closing of airways and the decrease in 
saturation are associated with the stress reaction of the sleeping organism via the sympathetic nervous system.1 OSA 
results in significant changes in sleep architecture subjective and objective sleep parameters. Subjective sleep quality is 
poor in OSA patients.1 Objectively, OSA disrupts sleep continuity and reduces total sleep time and sleep effectivity. 
Direct consequences are disrupted sleep architecture and continuity and increase of N1 sleep. Another consequence is the 
presence of repeated arousals related to the respiratory effort.1
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According to epidemiological studies, the average pooled prevalence of OSA is usually referred in 34% of males and 
17% of females in adult population.2,3 Symptomatic OSA is present in 6% of males and 4% of females.3 The literature 
established the link between OSA and cardiovascular diseases (OSA is the most common basis for treatment-resistant 
hypertension) and glucose and lipid metabolism disorders.4,5

Mood Disorders in OSA
Besides other medical and psychosocial conditions, OSA is often connected with depressive symptoms.6,7 The current 
knowledge about the psychological aspects of OSA is ambiguous. Several investigators have stated that individuals with 
OSA do not usually show a clinically significant degree of depressive symptoms or that they are no more depressed than 
controls or other patients with chronic illnesses.8–13 On the other hand, many investigations have recognized a significant 
association between OSA and clinical depression or pronounced depressive symptoms either as a direct outcome of the 
sleep deprivation or secondarily as a consequence of social impacts of the syndrome (or both).3,14–23

Some studies have also aimed to measure the properties of the relationship between depression, excessive daytime 
sleepiness (EDS), and OSA and proposed that depression is more likely be more related to EDS rather than to OSA.4,10 

Conversely, OSA can initiate depressive disorder based on sleep fragmentation, insomnia, and cognitive alterations 
brought by recurrent hypoxemia, while sleep disruption and weight increase caused by depression could, in turn, 
aggravate OSA, closing the vicious circle.11,24 Furthermore, the signs of OSA can mimic the signs of depression, eg, 
fatigue, sleep disruption, reduced volition and decision capacity, cognitive disturbances, and a lower quality of life.25,26

Cognitive Dysfunctions in OSA
A number of studies have examined the cognitive functions of subjects with OSA, and a meta-analysis assessed 
neurocognitive functions in OSA patients as well.11,27,28 Published investigations have recognized attention, episodic 
memory, working memory, and executive functioning are the most impacted cognitive functions in patients, while most 
verbal functions remained preserved and mixed outcomes were found for psychomotor speed.29–45

Several investigations have confirmed that OSA patients show deficiencies in all three domains of attention – 
sustainability, selectivity, and division.38,42,46 A meta-review confirmed these observations.27,47 Given the degree and 
magnitude of impairment, it has been proposed that issues with vigilance and attention may perhaps impact other 
intellectual functions.35,42,46

Executive functions are proposed as one of the main cognitive areas influenced by OSA. A contemporary meta- 
analysis suggests that executive functioning is decreased in OSA in all five subdomains: inhibition, shifting, updating/ 
monitoring information, producing original knowledge and reasoning, and problem-solving.27,47 Working memory is 
another significant cognitive function consisting of the capability to remember, operate, revise, and work with informa-
tion for the length of a job. Studies showed that the OSA subjects have worse results in working memory tasks than 
controls.48–50 Certain executive features of verbal performance, such as processing speed, plasticity, and synthetic skills 
are also reduced in subjects with OSA, in spite of intact verbal skills.29,33,47,48

In subjects with OSA, a decrease in manual dexterity was described and fine motor coordination is established to be 
more vulnerable to prolonged hypoxemia rather than to sleep disturbances.29,34,48,50,51 A literature evaluation demon-
strated that half of the available investigations described that the patients with OSA had a decreased information 
managing speed compared to control subjects.45,52 This impaired information managing affects performances in 
cognitive tests and visual attention. Unsurprisingly, the OSA patients are worse than healthy controls in timed tasks 
that consist of a visuomotor synchronization.53

Episodic memory, the capability to memorize verbal or visual data in a spatiotemporal context, was widely studied 
among OSA patients.54,55 A meta-review presented that OSA subjects had various samples of insufficiencies in verbal 
and visual episodic memory. Each memory component was impaired for verbal material, namely instant and late recall, 
understanding and identification.56 Nevertheless, in visuospatial memory tests, the OSA patients presented weakening 
only in instant and late recalls and had normal scores for learning and identification.56,57 It was proposed that this 
disturbance is not completely described by reduced attention or the OSA seriousness.26,58

https://doi.org/10.2147/PRBM.S411465                                                                                                                                                                                                                                

DovePress                                                                                                                         

Psychology Research and Behavior Management 2023:16 2254

Vanek et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Therapy of OSA
Continuous positive airway pressure (CPAP) resolves all OSA signs by maintaining the upper airways open utilizing the 
air pressure, which causes a decline of hypoxemia and restores sleep architecture and is considered a standard treatment 
for moderate and severe surgically untreatable OSA.59,60

Influence of Treatment by CPAP on Depressive Symptoms
The review by Giles et al claimed that the outcomes of the OSA therapy on depressive signs are partial and vary amongst 
studies due to high heterogeneity of the samples and methodology.61 Povitz et al, in a meta-analysis of nineteen identified 
papers, concluded that CPAP therapy resulted in a decline in symptoms of depression compared to controls with major 
heterogeneity between trials.62 The results were and still are conflicting, and studies supporting both variants can be 
found.19,59,61,63 Several studies showed that the presence of depressive symptomatology was not affected by treatment 
with CPAP, and it was necessary to intervene with targeted antidepressant therapy. Another group of studies demon-
strated that depressive symptoms partially improved or completely disappeared after CPAP treatment.11,62–64 Even in the 
studies mentioned above, it is problematic that they often do not distinguish between subjectively perceived depressive 
symptoms and a clinical diagnosis of a depressive disorder.11

Influence of Treatment by CPAP on Cognitive Functions 
The CPAP therapy improves subjective daytime functioning and performance in cognitive tasks.33,48,51,65–67 Also, the 
CPAP treatment returns to normal electroencephalographic results (EEG) assessed during the awake time in the OSA 
subjects, which is connected with diminished daytime sleepiness.59,68,69 Nevertheless, CPAP must be used for minimum 
of 4 hours each night for a subjective impact on sleepiness and at least 6 hours each night to influence objectively 
measured sleepiness.70,71 Divergent from other cognitive areas, psychomotor speed and fine coordination are not 
enhanced with CPAP therapy, which proposes that OSA can cause enduring damage to cortical and subcortical parts 
responsible for motor skills.45,59,69

As for the treatability of the cognitive decline, a meta-analysis of cognitive functioning in subjects with the CPAP 
therapy described that eleven of the seventeen papers demonstrated a significant enhancement in vigilance and attention 
with CPAP.27,53 However, despite the significantly improved concentration, CPAP is frequently incapable of completely 
normalizing attention. These outcomes suggest that sleep fragmentation and hypoxemia partially cause attention deficits 
in OSA, but that OSA also might cause enduring impairment in areas of the brain used in attention.33,34,47,67 Although all 
mechanisms of the verbal episodic memory evaluation are impaired in OSA a 3-months CPAP therapy resulted in the 
normalization of performances for instant and late recall and both verbal and visuospatial learning.33,56,67

A meta-analysis demonstrated that the CPAP therapy significantly enhances executive functions.27,53 After a short 
CPAP treatment, studies showed improved mental flexibility and verbal fluency in OSA. Longer treatments produce 
mixed results in cognitive tests.33 Moreover, it was described that OSA patients are not systematically equal to the 
healthy adults after a three-month of CPAP or even after prolonged treatment.67 In summary, presented literature 
proposes that only a particular part of executive functioning recovers after a CPAP therapy and OSA patients probably 
never reach the level of healthy controls.33,51,67 The circumstance that further cognitive domains, such as attention and 
vigilance, are essential to perform most executive functioning and that OSA can result in lasting damage to the prefrontal 
cortex can clarify partially of the inconsistency in works examining the effects of therapy on this cognitive function.38

Aims of the Study
The objective is to test the influence of 1-year CPAP therapy on depressive and anxiety symptoms and cognitive 
functions in subjects with OSA. We hypothesized that treatment with the CPAP would decrease depressive and anxiety 
symptoms and improve cognitive functioning.

Hypotheses
1. Compliant patients with OSA show decreasing depressive and anxiety symptoms assessed by the BDI-II and BAI 

inventories.
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2. Compliant patients with OSA demonstrate cognitive improvement performance:
● Trail Making Tests A and B, measured in seconds.
● Verbal Fluency test, measured in the number of words.
● d2 test, measured in overall performance (increase) and percentage error rate (decrease).

3. Non-adherent patients with OSA do not improve in cognitive tests and depressive and anxiety symptoms.

Method
Participants
The inclusion and exclusion conditions for the study are described in Table 1. Participants with a diagnosed obstructive 
sleep apnoea referred for CPAP treatment (AHI >15) were enrolled from the patients of our Sleep Laboratory. 
Consecutive patients were admitted Sleep laboratory for CPAP titration before administering the treatment for home 
use and, at that point, were asked to participate in the study.

Measurements
The patients approved to take part in the study signed informed consent and underwent several cognitive tests and scales. 
The sleep study was performed with respiratory sleep polygraphy (Alice 6LDe, Phillips Respironics, United States). The 
following parameters were measured and analyzed: apnoea/hypopnoea index (AHI), number of desaturations per hour 
(ODI), average saturation and time spent under 90% saturation. The CPAP titration was performed by auto CPAP 
machine (Dreamstation Auto CPAP, Phillips Respironics, United States) for three nights according to Czech guidelines 
and the effectiveness of the CPAP therapy was confirmed.72 Daytime sleepiness was measured via Epworth Sleepiness 
Scale. All patients were also measured in weight and height; body mass index was determined, and a history of comorbid 
disorders was taken. Additionally, all patients were examined by a pneumologist, including awake pulse oxymetry, 
pulmonary function tests (spirometry + body-plethysmography) and a chest x-ray was performed to exclude another 
respiratory disease. 

The following scales and tests were administered:

● BDI-II (Beck Depression Inventory, Second Edition) – The questionnaire contains 21 items describing depressive 
signs – subjects indicate symptoms and their severity throughout the last week. Internal reliability of the inventory 

Table 1 Inclusion and Exclusion Criteria

Inclusion criteria
● Moderate to severe obstructive sleep apnoea (apnoea-hypopnoea index >15) according to Czech guidelines for 

diagnostic and treatment of OSA.72

● Both sexes
● Age between 18 and 70 years
● Written consent with the study

Exclusion criteria
● Severe mental disorder lifetime
● Present psychiatric disorder
● Present usage of psychofarmacs
● Neurological disorders
● Intellectual disability
● Acute suicidal syndrome
● Surgically treatable cause of OSA
● Hypoxemia requires an oxygen supply
● The initial refusal of the CPAP therapy
● Indication to the other positive pressure therapy modes (bi-level airway pressure, etc.)
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is greater in the psychiatric population (α = 0.86) than in the general population (α = 0.81).73 The Czech translation 
was published by Preiss and Vacir.74 Ociskova et al did psychometric standardization for the Czech population.75

● The BAI (Beck Anxiety Inventory) scale includes 21 parts with a four-point Likert scale that the patient utilized to 
evaluate the gravity of anxiety symptoms last week.76 Kamaradova et al validated BAI in Czech population. The 
scale demonstrated excellent internal reliability (Cronbach’s alpha = 0.92).76

● d2 test of attention is a reliable and valid test for visual scanning precision, speed, and performance quality in 
distinguishing similar visual stimuli.77 The paper-pencil test requests participants to strike through any letter “d” 
with two marks around. It measures selective attention and mental concentration.78 According to a recent study, our 
study’s primary outcomes were a total clean score (error corrected speed score) and a percentage of mistakes, 
viewed as the most reliable outcomes.79

● TMT (Trail Making Test) is a neuropsychological test involving visual searching and working memory. TMT 
consists of Part A and Part B. Patient has to draw a line throughout 24 consecutive numbers (Part A) or alternating 
numbers and letters (Part B). Both parts test sustained attention, working memory and visuospatial coordination. 
Part A is also helpful in assessing psychomotor speed, whereas Part B considers higher executive functioning, 
flexibility, and the ability to switch between tasks. The test is easy to administer and is standardized with 
international norms. Our primary outcome was timed performance measured in seconds.80 Czech norms were 
conducted and standardized by Bezdicek et al.81

● VFT (Verbal Fluency Test) is a validated neuropsychological task measuring verbal cognitive functions. It can 
measure two subdomains – semantic and letter fluency. The patient is given one minute to name as many words as 
possible in a given semantic group or start with a particular letter. It has been used to assess cognitive impairment in 
neurodegenerative disorders in clinical settings and verbal ability and lexical retrieval in non-clinical settings.82,83 

In a standardized Czech version of the test, patients were given letters N, K and P each for 1 minute. Our primary 
measured outcome was the number of unique words.84

● ESS (Epworth Sleepiness Scale) evaluates daytime somnolence in 8 routine circumstances in the last week. EDS is 
present in a score of ten or higher.85

● MINI (Mini International Neuropsychiatric Interview) is a standard diagnostic interview covering diagnostic criteria 
for common psychiatric disorders according to DSM-IV and ICD-10.86 The psychometric properties of the inter-
view are acceptable.87

Procedure and Method of the Treatment
All participants underwent a standardized diagnostic procedure for OSA in the Sleep Laboratory of the Pulmonary 
Medicine Department at University Hospital Olomouc. The battery of tests and scales was conducted when the patients 
were admitted for inpatient CPAP titration in the sleep laboratory. All patients underwent the MINI interview to exclude 
severe psychiatric disorders.

The follow-up examination was coordinated with regular outpatient care for OSA patients with CPAP in the Czech 
Republic. Patients were assessed self-administered questionnaires at the check-up after two months, and the time of 
CPAP usage and residual AHI data were obtained. At the check-up after one year of CPAP treatment, a battery of tests 
and scales was conducted again, and data regarding the total time of CPAP usage and a residual AHI was obtained. The 
evaluation was performed in a peaceful setting with each patient separately, with a maximum exclusion of distractions. 
The same procedure was conducted with each patient to ensure the same conditions for both tests. The American 
Academy of Sleep Medicine (AASM) defined necessary adherence to the CPAP treatment as more than four hours of 
CPAP treatment per night.1,88

Statistics
Statistics were calculated by statistical software SPSS 24.0, Prism (GraphPad PRISM version 5.0; http://www.graphpad.com/ 
prism/prism.htm), and G*Power (Faul et al 2007). The applied statistical procedures were descriptive statistics for mean scores 
and the character of data distribution. Differences between results calculated at the start and the end of the treatment were 
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determined by parametric or nonparametric pair t-tests. Results were deemed to be significant when p-values were smaller than 
0.05. The standardized effect size was calculated for the obtained results.

Ethics Statement
The study followed the latest Helsinki Declaration and the Guideline for Good Clinical Practice (EMEA 2002). The 
Palacky University and University Hospital’s ethical committee in Olomouc authorized the study design and written 
consent (approval nr. 12/19). Written informed consent was acquired from all subjects after the procedures had been fully 
described, and participants were not financially rewarded for their participation.

Results
Sample Description
Eighty-one consecutive OSA patients (56 men, 25 women) enrolled in the study. The average age was 54.9 ± 9.9 years, 
and the average BMI indicated severe obesity. The average AHI at the start of the treatment showed severe OSA in the 
sample. Fifty-nine patients completed the study and were adherent to the CPAP therapy. Eight patients completed the 
study design but were not adherent to the CPAP therapy, and their data, although limited in generalizability, were used as 
a quazi control group. The not adherent patients did not receive any additional therapy. Fourteen patients dropped out of 
the study throughout the year, and most dropouts were due to the restrictions and lockdowns given by the COVID-19 
pandemic. The basic clinical data of the included patients are in Table 2.

We observed a statistically significant reduction in OSA parameters in the adherent group. ESS significantly decreased (p < 
0.001) at two months and statistically significantly decreased (p < 0.001) at 1-year follow-up compared to the beginning. AHI 
very significantly decreased at two months (p < 0.0001) and at one year (p < 0.001). This indicates that the adherent group was 
successfully treated, and residual AHI parameters were sufficiently low. In the non-adherent group, the patients did not use/ 
tolerate the CPAP treatment, therefore, did not reach the required usage of 4 hours/night. However, the non-adherent group had 
lower severity OSA parameters, including EDS measured via ESS. ESS in the non-adherent group changed non-significantly. 
Parameters regarding OSA are summarized in Table 3.

Depressive and Anxiety Symptoms
Depressive symptoms were evaluated via BDI-II, and anxiety symptoms were evaluated via BAI. In the adherent group 
average, we observed a statistically significant decrease after two months of CPAP treatment (p < 0.001, medium effect 

Table 2 Initial Measures of Patients at the Beginning of the CPAP Treatment

Variable All Patients Included in  
the Study (n=81)

CPAP Adherent  
Group (n=59)

CPAP Non-Adherent  
(n=8)

AHI 49.8 ± 23.6 51.7 ± 24.3 39.3 ± 12.1

ODI 62.4 ± 56.2 65.3 ± 64.2 41.3 ± 9.9

t90 27.5 ± 28.1 26.7 ± 27.1 11.9 ± 12.9

Average saturation of 02 90.5 ± 4.1 90.5 ± 4.0 92.7 ± 1.5

CRP 4.6 ± 6.1 4.2 ± 3.1 1.1 ± 0.3

BMI 37.3 ± 7.2 37.1 ± 7.0 34.4 ± 6.8

BDI-II 8.4 ± 6.7 7.7 ± 5.2 7.5 ± 5.1

BAI 9.1 ± 7.4 8.8 ± 7.5 6.7 ± 6.3

ESS 8.6 ± 4.1 8.7 ± 3.9 6.1 ± 4.3

Abbreviations: AHI, apnoe/hypopnoe index; ODI, oxygen desaturation index; t90, time spent under 90% saturation; CRP, 
C-reactive protein; BMI, body mass index; BDI-II, Beck depression inventory; BAI, Beck anxiety inventory; ESS, Epworth 
Sleepiness Scale.
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size). After one year, BDI-II was statistically significant decrease compared to the beginning (p < 0.001, medium effect 
size), but not statistically significant when comparing two months and 1-year check-ups. In the non-adherent group, we 
observed borderline non-statistically significant change at two months (p = 0.053, medium effect size), and statistically 
significant decrease at 1-year (p < 0.01, large effect size).

In the adherent group in anxiety symptoms measured by BAI, we observed a statistically significant decrease after 
two months of CPAP treatment (p < 0.001, medium effect size). After one year, there was statistically significant decrease 
compared with the beginning of the treatment (p < 0.001, medium effect size), but it was not further decreased from the 
two months check-up. In the non-adherent group, we observed a non-statistically significant change at two months and at 
one year.

When analyzing answers in the scales, depressive and anxiety symptoms were generally decreased in all symptom 
domains, such as depressive cognitions and emotions, not only in those that OSA shares with depression and anxiety (eg, 
sleep disturbances and energy levels). Results are summarised in Table 4.

Trail Making Test
In TMT-Part A in an adherent group, the average time pre-treatment and after one year of the treatment presented almost 
no change with negligible effect size. Conversely, the performance in TMT-Part B significantly improved (p < 0.01, small 
effect size).

Table 3 Summary of OSA Treatment Results in Adherent and Non-Adherent Group

CPAP adherent group 
(n=59)

CPAP adherent group 
(n=59)

p-value CPAP adherent group 
(n=59)

p-value

Beginning 2-month follow-up 1-year follow-up

ESS 8.7 ± 3.9 4.2 ± 2.3 <0.001 3.2 ± 2.4 <0.001

AHI 51.7 ± 24.3 4.3 ± 5.7 <0.0001 3.3 ± 3.5 <0.001

CPAP non-adherent group 
(n=8)

CPAP non-adherent group 
(n=8)

p-value CPAP non-adherent group 
(n=8)

p-value

Beginning 2-month follow-up 1-year follow-up

ESS 6.1 ± 4.3 3.8 ± 3.2 n.s. 4.6 ± 2.9 n.s.

AHI 39.3 ± 12.1 Not used CPAP x Not used CPAP x

Abbreviations: ESS, Epworth sleepiness scale; AHI, Apnoe/hypopnoe index; n.s., non-significant; x, p-value cannot be calculated.

Table 4 Comparison of Results in BDI-II and BAI in the Adherent Group

CPAP adherent 
group (n=59)

CPAP adherent 
group (n=59)

p-value Effect size 
(Cohen’s d)

CPAP adherent 
group (n=59)

p-value Effect size 
(Cohen’s d)

Beginning 2-month follow-up 1-year follow-up

BDI-II 7.7 + 5.2 4.2 ± 4.4 <0.001 0.63 4.4 ± 4.5 <0.001 0.61

BAI 8.8 + 7.5 5.4 ± 5.5 <0.001 0.71 5.3 ± 5.4 <0.001 0.59

CPAP non-adherent 
group (n=8)

p-value Effect size 
(Cohen’s d)

CPAP non-adherent 
group (n=8)

p-value Effect size 
(Cohen’s d)

Beginning 1-year follow-up

BDI-II 7.5 + 5.1 3.6 + 5.5 0.053 0.67 3.1 + 4.9 <0.01 0.96

BAI 6.7 + 6.3 8.2 + 6.2 n.s. 0.21 5.0 + 2.9 n.s. 0.27

Abbreviations: BDI-II, Beck depression inventory; BAI, Beck anxiety inventory.
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In the non-adherent group, the average pre-treatment performance in TMT-Part A saw non-significant deterioration 
(n.s., large effect size), and for TMT-Part B non-adherent group presented non-significant improvement (n.s., small effect 
size).

Verbal Fluency Test
In the adherent group verbal fluency, the average number of words statistically significantly increased (p < 0.01, small 
effect size). In the non-adherent group, we observed a negligible increase in the average number of words post-treatment 
(n.s., small effect size).

d2 Test of Attention
In the d2 test of attention, the total clean score in the adherent group statistically significantly increased (p < 0.001, 
medium effect size). The non-adherent group showed a non-significant increase (n.s., small effect size).

In the percentage of errors, an adherent group presented a non-significant decrease (n.s., small effect size). The non- 
adherent group made significantly more mistakes after one year (p < 0.01, large effect size).

All the cognitive tests and comparisons between groups are presented in Table 5.

Discussion
The presented study was the first longitudinal investigation on this topic in the Czech population. Most of the hypotheses 
were confirmed. The 1-year CPAP treatment significantly affected the cognitive functions, but not all investigated 
parameters were improved. Firstly, on average, the non-adherent group had lower results in OSA severity parameters. 
Another difference was lower BMI and lower daytime sleepiness measured by ESS. All this potentially results in fewer 
symptoms and impairment in daily life activities, resulting in lower motivation for treatment. This is in accordance with 
our previous finding in a longitudinal observation study about adherence to CPAP, proposing that there is a difference in 
motivation and adherence according to severity of OSA.88

Table 5 Comparison of Results in Cognitive Tests in the Adherent Group

CPAP adherent group 
(n=59)

CPAP adherent group 
(n=59)

p-value Effect size 
(Cohen’s d)

Beginning 1-year follow-up

TMT-A (s) 34.8 ± 9.8 34.6 ± 9.6 n.s. 0.02

TMT-B (s) 81.3 ± 29.5 70.7 ± 19.1 p<0.01 0.39

VFT 44.7 ± 13.2 49.4 ± 15.3 p<0.01 0.41

d2 – performance 308.7 ± 96.2 350.5 ± 102.9 p<0.001 0.50

d2 - % mistakes 18.67 ± 14.2 16.5 ± 12.3 n.s. 

(p=0.16)

0.19

CPAP non-adherent 
group (n=8)

CPAP non-adherent 
group (n=8)

p-value Effect size 
(Cohen’s d)

Beginning 1-year follow-up

TMT-A (s) 27.3 ± 6.3 32.7 ± 6.7 n.s. 0.83

TMT-B (s) 77.1 ± 19.5 70.8 ± 16.4 n.s. 0.31

VFT 47.1 ± 20.8 49.5 ± 19.3 n.s. 0.25

d2 – performance 338.4 ± 124.2 354.5 ± 82.2 n.s. 0.18

d2 - % mistakes 15.5 ± 10.3 25.6 ± 15.4 p<0.01 1.11

Abbreviations: TMT-A, trial-making test part A; TMT-B, trial-making test part B; VFT, verbal fluency test.
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The mean score of depressive symptoms assessed by BDI-II was relatively low and did not reach the threshold for 
mild or clinically relevant depression.89 It corresponds with no patient being diagnosed with depression via MINI 
interview. However, although the rates of depression were low, the patients with OSA treated with CPAP still decreased 
their scores and showed an improvement across the symptoms. Part of the change is likely attributable to the fact that 
some BDI-II items overlap with the signs of sleep apnoea (fatigue, hypoenergia, disturbances of concentration, and 
change in sleep). Still, the participants improved even in the more specific symptoms, such as depressive cognitions and 
mood symptoms. The reversibility of the depressive symptoms in OSA is a topic of many studies.61,62 Daniel et al 
presented a study of 50 patients and found that the proportion of patients with OSA and comorbid depression was 
significantly higher than in the general population.64

Two months of CPAP therapy significantly improved depressive symptoms reported in the BDI-II. It is in accordance 
with the Iacono Isidoro et al study, which shows that a short-term use of CPAP significantly decreased depressive 
symptoms.90 There is a lack of studies for longitudinal observation, and our study provides three points in time where the 
depressive symptoms were assessed. Our results show that the depressive symptoms decrease after the initiation of the 
CPAP therapy to a lower level. Then they stay relatively stable after one year of the treatment. This corresponds with our 
earlier work, Hobzova et al, in which treated patients showed statistically significant improvement in depressive 
symptoms after 1 month of CPAP.91

In the anxiety symptoms, we observed the same trend in the adherent group –a decrease after two months which remained 
stable in the one-year follow-up. Even though the patients had subclinical anxiety, they still felt relieved from their symptoms. 
In our study, BAI scores were relatively low compared to Rezaeitalab et al; with higher severity of OSA, higher anxiety scores 
were reported.92 In the non-adherent group, we observed non-significant increase in anxiety symptoms.

We observed different results for two tested parts in the Trail Making Test. In the adherent group, Part A did not show 
improvement after one year of treatment, and the average test time remained unchanged. In contrast, the performance in 
Part B significantly improved. One hypothesis explaining this difference is that different cognitive domains are tested in 
respective parts. Apart from visuospatial coordination and sustained attention, Part A assesses psychomotor speed, 
whereas Part B assesses higher cognitive functioning, such as shifting between tasks and flexibility. Another theory 
works with the fact that Part A is compared to Part B easier task and therefore is less influenced by the OSA. This could 
be supported by the fact that the results in our study are within the norms for the appropriate age group reported by 
Tombaugh.93 Literature here shows mixed results in studies. Meurice et al presented improvement in both parts of 
TMT.94 Montplaisir et al published negative results in TMT-B.95 Our results follow a meta-analysis by Kylstra et al that 
included 533 OSA patients and 497 controls and found no improvement in TMT-A and a small significant effect in TMT- 
B.96 Ferini-Strambi et al showed that after fifteen days of CPAP, there was an improvement in both TMT-A and TMT-B; 
however, there was no further progress after four months of CPAP.33 In a novel study from 2021, Parker et al showed that 
the TMT-A score was connected to the stages of sleep more pronounced in OSA patients. Worse results in TMT-A were 
associated with more N1-stage sleep, whereas better results were connected with more N3-stage sleep in older adults.97 

Gelir et al described that subjects with OSA did not differ from healthy controls in TMT-A performance, in contrast with 
TMT-B performance, in which healthy controls showed better results than OSA patients.98 This result is in agreement 
with the research by Saunamäki et al, in which patients with OSA also reported worse results in TMT-B.99

Interestingly, in the meta-analysis, Kylstra et al found no impact of CPAP on verbal fluency.96 This contrasts with our 
results, which showed a small but statistically significant effect of CPAP therapy on the number of words recalled by 
patients. On the other hand, in an older study by Montplaisir et al, verbal fluency measured by Wechsler Adult 
Intelligence Scale was improved in subjects treated with CPAP.95 In a research from 2011, Bawden et al presented 
that patients with OSA did not diverge from healthy controls in verbal fluency tests.100 On the other hand, Salorio et al 
found significantly worse performance in verbal fluency in subjects with OSA compared to healthy controls.32

In the d2 attention test, the adherent group significantly improved in performance (speed score) but the percentage of 
errors showed a non-significant positive change. Kotterba et al observed that most subjects with OSA had pathological d2 
test results.101 Per our results, Lau et al showed a slight improvement in attention after CPAP treatment.67 However, this 
contrasts with our previous work, Hobzova et al, in which patients with OSA showed improvement in both categories 
after one month of CPAP treatment.91 More recent work by D’Rozario et al showed improvement in sustained attention 
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after six months of CPAP treatment.37 Another factor in play is the connection between excessive daytime sleepiness 
(measured by ESS in our study) and attention. Angeleli et al discovered that ESS scores correlated with results in 
attention intensive tasks but curiosly not in the tasks requiring divided attention. The authors propose that sleepiness 
plays multifaceted role in cognitive performance of OSA patients.102 Notably, however small the non-adherent quazi 
control group is, there is a statistically significant worsening in the percentage of mistakes.

According to the literature, it could be hypothesized that the CPAP treatment significantly affects the domains mainly 
impaired by OSA. This would explain the differences in TMT-A and TMT-B in our study. On the other hand, only one 
part of the d2 attention test improved, and attention is one of the most impaired cognitive functions in OSA. As the 
reduction of mistakes percentage was nearing a statistical trend, with more respondents, this could prove significant. In 
our study, patients also improved in verbal fluency, which is not consistently true in most intervention studies, as 
confirmed by a meta-analysis from 2013.27 Our subjects also showed a substantial reduction in subclinical depressive and 
anxiety symptoms, and the effect was sustained even after one year of treatment.

One variable that is to be taken into consideration is the COVID-19 pandemic that emerged during the course of the 
study. Growing body of literature suggests that neuropsychiatric consequences of COVID-19 include anxiety and 
depressive symptoms. According to a review from 2021, up to 40% of patients reported depressive and anxiety symptoms 
after recovery from the infection.103 The precise impact of the pandemic on our sample of patients is unclear and outside the 
scope of the study, but it is a variable that needs to be taken into account as a number of patient contracted COVID-19 and 
one patient died after the completion of the study as a direct consequence of COVID-19 infection.

Strengths and Limitations of the Study
This is the first longitudinal study in the Czech Republic’s clinical population. To our knowledge, most research studied 
either the short-term effect of CPAP treatment or a maximum follow-up period of 6 months. It is a novelty to prove that 
the impact of CPAP treatment is long-term, at least for one year of treatment. It is also of note that in studies with short- 
term effects of CPAP, test-retest repeatability is often an issue, as the patients could improve based on the previous 
knowledge of the test. Our study minimises this, as one year is sufficient to prevent this effect of exposure based on 
previous testing. Our study also implemented objective MINI interviews to exclude patients with comorbid psychiatric 
disorders, working solely with individuals suffering from subclinical depressive and anxiety symptoms. One of the 
study’s major strengths of the reported efficiency of the CPAP therapy in all included patients.

The study has several shortcomings. The main limitation is the absence of a proper control group. Because of adherence 
monitoring, we could differentiate non-adherent patients and create a quasi-control group, however rather small to be conclusive 
(n = 8). This is reflected in many studies in the field as it is unethical to leave patients with moderate and severe OSA without 
treatment for prolonged periods, given the severe morbidity and mortality that pose untreated OSA. In our previous work from 
2017, we had a control group of the same severity on the waiting list for one month of CPAP. However, more extended periods 
without treatment are ethically inexcusable, posing limitations on obtaining severity and age-matched OSA control group. 
Another limitation is the fact the polysomnography study was not used for confirmation of the effectiveness of the CPAP 
treatment and could influence the outcomes. As respiratory polygraphy was used in the diagnostic procedure, the effectiveness of 
CPAP was assessed via residual AHI parameters indirectly. Regarding the generalizability another limitation is our sample is not 
stratified by age or social background. These could impact performance in cognitive tasks.

Furthermore, the number of participants was relatively small. Studies with larger samples need to confirm the results. 
Our numbers were partly limited by the amount of CPAP available yearly for our department and the COVID-19 
pandemic and lockdowns hindered recruitment to the study. Another limitation might pose the application of the self- 
report scales for measuring depression and anxiety and lack of scale for sleep quality. These scales rely on the 
introspections of the participants and their motivation to be honest in their reports.

Conclusion
The study explored whether patients with OSA improved depressive and anxiety symptoms and cognitive functions after 
prolonged treatment with CPAP. After one year of therapy, several monitored cognitive parameters showed a statistically 
significant improvement: overall performance in the attention d2 test, executive functions in Trail Making Test – Part 
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B and verbal fluency in the Verbal Fluency Test. We also found improvement and relief in subclinical depressive and 
anxiety symptoms, and the study did not find improvement in psychomotor speed in Trail Making Test – Part A.

CPAP treatment remains the primary intervention in moderate and severe OSA patients. Its effect on impaired 
cognitive functions seems consistent in specific domains and is present even after long-term treatment.

Disclosure
The authors report no conflicts of interest in this work.
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