Activitas Nervosa Superior Rediviva Volume 65 No.1 2023

This paper has been published under Creative Common Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) allowing to download articles
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

REVIEW ARTICLE

Cognitive dysfunctions in obstructive sleep apnea patients

Jakub VANEK 1, Jan PrRASKO 1:2:3:4, Samuel GENZOR 3, Pavol POBEHA ¢, Frantisek HODNY 1,
Jozef VisNOVSKY 1, Milos SLEPECKY 3, Marie Ociskova 14

IDepartment of Psychiatry, Faculty of Medicine and Dentistry, University Palacky Olomouc,0Olomouc,
Czech Republic, 2 Institute for Postgraduate Education in Health Care, Prague, Czech Republic, 3 Department
of Psychology Sciences, Faculty of Social Science and Health Care, Constantine the Philosopher University
in Nitra, Slovak Republic, 4Rehabilitation Hospital Beroun, Jessenia Inc., Akeso Holding, Mindwalk, s.r.o.,
Czech Republic, > Department of Respiratory Medicine, Faculty of Medicine and Dentistry, Palacky University
Olomouc, Czech Republic,  Department of Respiratory Diseases and Tuberculosis University Hospital and
Faculty of Medicine and Dentistry Pavol Jozef Safarik University Kosice, Slovak Republic.

Correspondence to: Prof. Dr. Jan Prasko, Ph.D. Department of Psychiatry, Faculty of Medicine and Dentistry,

Palacky University Olomouc, I. P. Pavlova 6, 77520 Olomouc, Czech Republic
TEL: +420 603 414 930; E-MAIL: praskojan@seznam.cz

Submitted: 2022-12-12  Accepted: 2023-02-04 ~ Published online: 2023-02-04

Key words: Obstructive sleep apnoea; cognitive dysfunctions; C-PAP; antidepressants; treatment
efficacy

Act Nerv Super Rediviva 2023; 65(1): 16-24 ANSR65123R02 ©2023 Act Nerv Super Rediviva

Abstract OBJECTIVE: The main objective of the presented narrative review is to assess the contem-

porary literature regarding cognitive functions and their deterioration in obstructive sleep
apnea patients.

METHOD: Articles were acquired via PubMed database via computerized search applying
selected keywords in combinations from January 1953 to December 2022. Papers were
nominated using including criteria: studies in humans, published in peer-reviewed jour-
nals; reviews; English language. The criteria for exclusion were: abstracts from confer-
ences, commentaries, and subjects younger than 18 years. According to the inclusion and
exclusion criteria, 80 articles were chosen. Relevant documents from the references of
primarily chosen papers were investigated, evaluated and relevant papers were added to
the initial list of documents. Review team then assessed full texts and selected and included
110 papers in total in the review.

RESULTS: Studies included in the review documented the dysfunctions in the attention,
selected domains of memory, and executive functions in OSA. Verbal functions mostly
remain intact, and tests of psychomotor speed show mixed findings. Repeated desatura-
tions caused by airway closure accompanied by hypoxemia and hypercapnia at night and
frequent arousals associated with excessive sympathetic activation and sleep fragmentation
are presumed to be etiological factors in these cognitive dysfunctions.

CONCLUSIONS: Areas of cognitive function most affected by untreated OSA include
attention, memory and executive functions. Studies show that untreated OSA prolongs
reaction time and impairs intentional attention and the ability to divide attention between
multiple stimuli. Cognition partially improves after CPAP treatment. However there is not
enough evidence in the long-term effects of CPAP on cognition and the long-term effect
of untreated OSA on cognitive functions.

..................................................................................................

Act Nerv Super Rediviva 2023; 65(1): 16-24



INTRODUCTION

Obstructive sleep apnea (OSA) is one of the most
common sleep disorder in general population. Its main
features are sleep fragmentation, frequent awakenings,
and intermittent hypoxia (Ulander et al. 2022; Varda-
nian & Ravdin 2022). OSA is defined as recurring upper
airway block, leading to flow limitation (hypopnea)
or full breathing cessation (apnea) (Ryan & Bradley
2005; Feltner et al. 2022; Mangione et al. 2022). The
resulting decrease in blood oxygen saturation, changes
in intrathoracic pressure, and other related stimuli (e.g.
excessive nocturnal urination, upper airway resistance
etc.) trigger the autonomic nervous system, disruption
of the sleep architecture, and brief awakening periods.
Sleep apnea syndrome is diagnosed with more than
tive apnea/hypopnea episodes longer than 10 seconds
per hour (ICSD-3, 2014). Subjective symptoms are
increased daytime sleepiness, fatigue, and impaired
attention (De Backer 2013; Feltner et al. 2022; Ulander
et al. 2022).

The gold standard of treatment is pressurized
breathing per a continuous positive airway pressure
device (CPAP) connected to a face mask. The device
keeps the airways open during exhalation and thus
prevents their collapse, which is the most common
cause of apnea (Sova et al. 2015; Genzor et al. 2022;
Weingarten 2022). Cardiovascular diseases (e.g., cardiac
infarctions, arrhythmias, drug-resistant hypertension,
pulmonary hypertension), disorders of glucose metabo-
lism, lipid spectrum disorders, and obesity are common
risk factors and comorbidity in OSA pathophysiology
(Feltner et al. 2022; Sovova et al. 2011; Sabil et al. 2022).
These illnesses often worsen sleep apnea (Feltner et al.
2022). Other risk factors for developing OSA include
male gender, abdominal obesity, smoking, chronic
obstructive pulmonary disease, and bronchial asthma
(Feltner et al. 2022). Furthermore, OSA connects with
affective disorders and depressive symptoms and cogni-
tive impairment (Daulatzai 2015; Hobzova et al. 2017;
Vanek et al. 2020a; 2020b; Jiang et al. 2021; de Miguel-
Diéz et al. 2022; Vanek et al. 2022; Zhao et al. 2022)

Connection between OSA and cognitive deterio-
ration prevalence increase with age and body mass.
Several areas of cognitive functions are affected, mainly
attention, execution, specific subtypes of memory, and
emotional regulation, directly affecting brain health
(Vardanian & Ravdin 2022). Increasing evidence links
OSA to cognitive deterioration and autonomic dysfunc-
tion, a hopeful early marker of cognitive dysfunctions
in populations without a diagnosed neurodegenerative
disorder (Sabil et al. 2022; Bucks et al. 2013). OSA can
worsen the course and treatment of other diseases, but
especially in cognitive deterioration, OSA can signifi-
cantly affect the progression of atherosclerosis of the
cerebral arteries due to inadequate treatment (Feltner
et al. 2022). That makes the early detection and treat-
ment of OSA a clinical priority.
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METHOD

Articles were acquired via PubMed database via
computerized search applying selected keywords in
combinations from January 1953 to December 2022.
Keywords were "obstructive sleep apnea "and "cognitive
function" or "dementia" in successive combination with
"CPAP" or "therapy" or "pharmacotherapy" or "surgery"
or "quality of life".

Acquired papers were sorted according to inclu-
sion and exclusion criteria. Inclusion criteria were: (1)
studies in humans; (2) published in peer-reviewed jour-
nals; or (3) reviews on the related topic; (4) accessible
in English. The criteria for exclusion were: (1) abstracts
from conferences; (2) commentaries; (3) subjects
younger than 18 years.

84 articles were selected in primary collection
using keywords in different combinations. According
to the inclusion and exclusion criteria, 80 articles
were chosen. Relevant documents from the references
of primarily chosen papers were investigated, evalu-
ated and relevant papers were added to the initial list
of documents (n = 44). Review team then assessed full
texts and selected and included 110 papers in total in
the review (Figure 1).

RESULTS

Potential pathological mechanisms linking

cognitive dysfunctions and OSA

Repeated desaturations caused by airway closure
accompanied by hypoxemia and hypercapnia at night,
together with frequent arousals associated with exces-
sive sympathetic activation and sleep fragmentation,
worsen brain tissue oxygenation and regeneration
of the brain. The lack of the normal length and depth
of sleep essential for proper brain function causes this
(Lau et al. 2010,; Castronovo et al. 2014; Dissanayake
et al. 2021; 2022). Hypoxia in OSA is intermittent and
characterized by blood oxygen desaturations of vari-
able length following respiratory events (Prabhakar
et al. 2020). Long-lasting intermittent hypoxia in OSA
stimulates systemic inflammation, oxidative stress, and
endothelial dysfunction, with potential consequences
comprising cardiovascular, metabolic disorders, and
mental disorders (Ryan & Bradley 2005; Tkacova et al.
2014; Burtscher et al. 2021). Another possible linking
factor is obesity. Obesity is connected with an higher
risk of OSA and cognitive dysfunction (Patil ef al. 2004).
Evidence suggests that early to mid-adulthood obesity
directly impacts cognitive functioning and increases
the likelihood of developing Alzheimer's disease and
other types of dementia (e.g. vascular) (Xu et al. 2011).
Several studies show that as the body mass index (BMI)
increases, several cognitive domains (verbal learning,
episodic memory or attention) decline (Gunstad
et al. 2006; Fergenbaum et al. 2009). The impairment
of cognitive functions is not solely explainable by the
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PUBMED abstracts of articles identified and screened for retrieval
(n=284)

A

Articles (full texts) that were subjected to a detailed evaluation
(n=80)

A4
Remaining articles selected (n = 66)

\ Secondary search articles from the reference lists of the remaining

hd

A4
Articles included in the review (n = 110)

(

‘ articles after a detailed evaluation (n = 44)

Fig. 1. Summary of the selection process

Keywords: (Obstructive sleep apnea) and (cognitive function or dementia) and (CPAP or therapy or pharmacotherapy or surgery or
quality of life) Filters: clinical trials or reviews, and humans and adults 18 + years

presence of OSA or recurrent hypoxia. In the case
of dementia (vascular, but also in Alzheimer's), several
risk factors have been identified, such as cardiovascular
disease, hypertension, high cholesterol or diabetes
mellitus (Hugo & Ganguli 2014). Moreover, increased
signs of atherosclerosis have been described in the

brain vasculature of obese individuals. This results in
white matter damage and grey matter atrophy leading
to cognitive dysfunction (Dye et al. 2017; Morys et al.

2021; Quaye et al. 2023).
Interestingly, a probable complex link exists between
olfactory dysfunction (OD), OSA, and cognitive impair-

ment (Dong et al. 2022; Iannella et al. 2021). Individuals
with OSA commonly suffer from olfactory dysfunction

(Iannella et al. 2021). Although the exact mechanism is

not yet fully explored, it seems that the olfactory cortex
is very sensitive to the impairment described above.
Additionally, individuals with OD have a higher prob-
ability of developing cognitive impairment than those
without OD (Dong et al. 2022).

Types of cognitive dysfunctions in

obstructive sleep apnea patients

Numerous investigations have tested the different
cognitive domains in patients with OSA (Davies &
Harrington 2016; Liguori et al. 2017; Bubu et al. 2020;
Seda et al. 2021, Fernandes et al. 2022; Lal et al. 2022).
Studies have documented the dysfunctions in the OSA's
attention, selected subtypes of memory(working and
episodic), and executive functions (Greenberg et al.

1987; Bedard et al. 1991, Decary et al. 2000; Beebe &

Gozal 2002; Ferini-Strambi et al. 2003; Verstraeten &
Cluydts 2004; Verstraeten et al. 2004; Alvarez & Emory
2006; Jackson et al. 2011; Mathieu et al. 2008; D 'Rozario
et al. 2022; Li et al. 2022). However, most verbal func-
tions stay intact (Beebe & Gozal 2002; Ferini-Strambi
et al. 2003; Alvarez & Emory 2006; Jackson et al. 2011,

Naégelé et al. 1998; Barkley 1997; Aloia et al. 2004;
Lezak et al. 2004; Sforza et al. 2004; Mazza et al. 2005;
Shpirer et al. 2012; Olaithe & Bucks 2013; Tulek et al.
2013; Corréa et al. 2017; Shieu et al. 2022; Park et al.
2022a). Tests of psychomotor speed show mixed find-
ings (Kilpinen et al. 2014; Landry et al. 2016; Bhat et al.
2018; Lusic et al. 2020).

Attention

Attention can be characterised by certain basic features
- selectivity, sustainability, and distribution. Selective
attention allows focusing on or overlooking stimuli
according to their subjective importance. Sustained
attention contains awareness and receptiveness
to stimuli for an prolonged period. Division of attention
allows numerous tasks to be fulfilled simultaneously
(Lezak et al. 2004; Park et al. 2022b). Various studies
have established that persons with OSA display prob-
lems in all these attention modalities (Beebe & Gozal
2002; Mazza et al. 2005; Ueno-Pardi et al. 2022). Two
meta-reviews also support these findings (Olaithe &
Bucks 2013; Wang et al. 2020). Compared to controls,
the individuals with OSA exhibit slower responses and
"off the road" actions in situations demanding divided
attention, such as driving in a simulator while realizing
additional mental assignments (Mazza et al. 2005; Wang
et al. 2020). Given these deficits' degree and magnitude,
it is theorized that alertness and attention issues could
also impact remaining cognitive areas, e.g. executive
functions and episodic memory (Verstraeten & Cluydts
2004; Verstraeten et al. 2004; Olaithe & Bucks 2013).

Executive functions

Executive functions represent a multiple diverse cogni-
tive abilities, such as mental flexibility, behavioural
inhibition, working memory, fluid reasoning, and
problem-solving. They let human beings to practice
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their skills (e.g., memory, verbal interaction, visuoper-
ception) adaptively to act efficiently in a varying envi-
ronment (Alvarez & Emory 2006). Two meta-analyses
found decreased executive functions in all five sub-
domains in the patients with OSA: inhibition, shifting,
updating/monitoring information in working memory;,
producing new information and fluid reasoning, and
problem-solving (Olaithe & Bucks 2013; Vardanian &
Ravdin 2022).

Inhibition - the ability to stop a programmed or
current reaction to a stimulus- is crucial for cognitive
trials such as Stroop Test or Go-No-Go tasks (Barkley
1997). The patients with OSA make more errors and
have prolonged reaction times than healthy controls
in these tests. They show reduced brain stimulation
in cingulate, frontal, and parietal areas that are usually
involved in attention tests (Ayalon et al. 2009). Severe
OSA patients also showed more impulsive mistakes on
a maze accomplishment task (Bucks & Olaithe 2013,
Bedard et al. 1991; Beebe & Gozal 2002; Archbold et al.
2009; Lafreniére et al. 2023).

Mental flexibility

Mental flexibility is the capability to shift from one
mental task to another. Patients with OSA exhibit
more perseverative reactions than healthy subjects
in the Wisconsin Card Sorting Test (Bucks & Olaithe
2013; Naégelé et al. 1998; Redline et al. 1997; Stranks &
Crowe 2016). Reduced mental flexibility was described
in several papers using different types of task in which
the patients with OSA needed a longer time to complete
the tests than controls (Redline et al. 1997; Naégelé
et al. 1998; Decary et al. 2000, Chokesuwattanaskul
et al. 2021; Macchitella et al. 2021).

Working memory

Working memory is a fundamental component
of cognitive functions, characterized as the capability
to retain, operate, revise, and monitor knowledge for
the extent of a task (Miyake & Shah 1999). Redline et al.
(1997) discovered that working memory was amongst
the most commonly damaged executive functions in
OSA patients. Investigations utilizing the Digit Back-
ward Test demonstrated that the patients with OSA had
worse results on this task compared to healthy controls
(Redline et al. 1997; Naégelé et al. 1998; Li et al. 2022;
Franks et al. 2022).

Problem-solving
Problem-solving, which includes the assessment and

assortment of actions to reach a goal, seems to be
decreased in the OSA patients as well (Lezak et al.
2004). In a task typically utilized to evaluate this aspect
of executive functions, specifically the Tower Tasks,
Naégelé et al. (1998) study indicated that OSA patients
required additional steps before resolving particular
task. Certain executive functions of verbal perfor-
mance, such as mental processing speed, flexibility,
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and the ability to synthetize information, are worsened
in patients with OSA, regardless of relatively intact
language skills (Bedard et al. 1991; Naégelé et al. 1998;
Ferini-Strambi et al. 2003; Sharma et al. 2010; Olaithe &
Bucks 2013; Saconi et al. 2020).

In conclusion, investigations uncovered insufficien-
cies in almost all executive functioning in OSA indi-
viduals. The impairment is present in the processing
speed, more perseverative responses or behaviours,
impulsivity, and struggle with problem-solving. Never-
theless, the findings are significantly heterogeneous,
which could be partially due to differences among
samples and methods.

Motor dysfunctions

Tasks including fine coordination and psychomotor
tempo are usually utilized to examine motor dysfunc-
tions apart from natural ability for standard locomo-
tion. In patients with OSA, the impairment of manual
adroitness was noticeable in the Purdue Pegboard Test
(Bedard et al. 1991; Naégelé et al. 1998). Fine motor
coordination was documented to be more damaged by
repeated hypoxemia than by sleep fragmentation (Aloia
et al. 2004; Landry et al. 2016). Unsurprisingly, the OSA
patients performed inferior compared to controls in all
tasks involving visuomotor coordination (Aloia et al.
2004; Koo et al. 2020; Lee et al. 2022).

Episodic memory

Correspondingly episodic memory was broadly exam-
ined in OSA individuals. Episodic memory can memo-
rize verbal or visual information in a spatiotemporal
framework. Tasks typically include immediate recollec-
tion, total recollection over several trials or learnings,
late recollection, and recognition memory. Examples
of episodic memory tests include learning and remem-
bering a certain number of words (e.g. Rey Auditory-
Verbal Learning Tests, California Verbal Learning
Tests). A meta-analysis from 2013 exhibited that OSA
individuals have various vocal and visual episodic
memory deficit patterns. Most memory components
were impaired, namely instant and delayed recol-
lection, learning and recognition (Wallace & Bucks
2013; Patel & Chong 2021). However, the visuospatial
episodic memory tasks showed impairment only in
immediate and delayed recalls, and their learning curve
and recognition were normal (Wallace & Bucks 2013).
This deficit was proposed not to be entirely attributed
to attention deficits or OSA severity; rather, a complex
interplay of multiple factors is viewed as a reason for the
memory deficit (Patel & Chong 2021; Seda & Han 2020;
Benkirane et al. 2021).

Treatment with CPAP and cognitive dysfunctions in OSA
Though positive airway pressure therapy (CPAP)
improved some features of cognitive functions, it failed
to fully restore all cognitive domains (Vardanian &
Ravdin 2022). Moreover, many patients insufficiently
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adhere to this treatment, which decreased cognitive
functions may partly cause (Watach et al. 2021; Genzor
et al. 2022; Avellan-Hietanen et al. 2022). Conversely,
individuals with better CPAP adherence have signifi-
cantly larger improvements in cognitive functions
if dementia is already present (Costa et al. 2022).
A meta-analysis presented that the CPAP interven-
tion create at most moderate enhancement in execu-
tive functions (Greenberg et al. 1987; Aloia et al. 2004;
Olaithe & Bucks 2013; Costa et al. 2022; D 'Rozario et al.
2022). For example, one study showed an improvement
of mental flexibility and semantic fluency in OSA after
a brief CPAP intervention (15 days). Longer treatment
(4 months) did not produce additional improvement in
executive cognitive tests (Ferini-Strambi et al. 2003).
Moreover, it was reported that the mental flexibility
of the OSA patients did not reach the level of control
after a three-month treatment (Ferini-Strambi et al.
2003; Lau et al. 2010).

As for the treatability of the cognitive decline, an
evaluation of cognitive changes related to the CPAP
intervention described that 11 of the 17 investiga-
tions found a substantial improvement in attention
and vigilance (Aloia et al. 2004). However, regardless
of the significant improvement in attention, attention
processes often do not return to their premorbid levels
(Fernandes et al. 2022). According to the investigation of
Lau et al. (2010), discriminatory and divided attention
impairment was still present evern after three months
of the CPAP in comparison to healthy controls.These
findings propose that hypoxemia and sleep fragmenta-
tion partly cause attention deficits in OSA but that OSA
also might cause a permanent damage in the brain areas
responsible for attention processing (Lau et al. 2010).
One of the factors causing attention deficits in OSA
is the presence of excessive daytime sleepiness (EDS).
EDS has been described in 40.5-58% OSA patients
(number varying according to severity of the disorder)
at the time of diagnosis but can remain present even in
patients with CPAP therapy (residual EDS) in 9-22% of
patients (Gasa et al. 2013; Lal et al. 2021)

Following similar results from studies worldwide, we
compared the results of cognitive tests after one month
of continuous CPAP therapy (at least 4.5 hours per
day) in our research, with treated individuals showing
a substantial improvement in attention and short-term
memory together with subjective improvement in
depressive symptoms as tested by Beck's Depression
Inventory (Hobzova et al. 2017). When compared, the
control group exhibited a slight non-significant deterio-
ration in concentration, worse short-term memory, and
further progression of depressive symptoms during the
month (Hobzova et al. 2017).

In summary, presented literature propose that only
a particular part of executive functions recovers after
a CPAP intervention and they tend not reach the levels
found in healthy controls (Ferini-Strambi et al. 2003,
Lau et al. 2010, Vardanian & Ravdin 2022). Additional

cognitive domains, such as attention and attentiveness,
are essential to complete most tasks. Untreated OSA
is probably causing lasting damage to the prefrontal
cortex, which could clarify part of the inconsistency
in studies examining the effects of CPAP on cognitive
functions (Shu et al. 2022).

Unlike previous cognitive area, psychomotor speed
and fine coordination are not significantly increased
after CPAP intervention, suggesting that OSA is prob-
ably responsible for lasting impairments to cortical and
subcortical regions engaged in motor skills (Shu et al.
2022; Vardanian & Ravdin 2022).

A review of the outcomes of the CPAP interven-
tions described an improvement in memory in about
half of the investigations (Aloia et al. 2004; Seda & Han
2020). Even though all verbal episodic memory mecha-
nisms are affected in OSA, a 3 months CPAP interven-
tion normalizes immediate and delayed recollection
and visuospatial learning performances (Ferini-Strambi
et al. 2003; Lau et al. 2010; Wallace & Bucks 2013).

CPAP is the main treatment intervention in OSA,
but there are other treatment modalities for patients
who do not tolerate this treatment. Oral appliances
(OAs) are one of the alternative types of treatment.
Studies in OSA compared the effectiveness of CPAP and
OAs and found that the CPAP-treated cohort achieved
better effects in improving OSA polysomnographic
parameters. However, the results of both modalities
were comparable in other clinical outcomes, including
improvement in cognitive function (Loredo et al. 1999;
Liet al. 2022).

Exercise and cognitive functioning in OSA
Compromised glucose metabolism suggests neuronal/
synaptic dysfunction and cognitive function dete-
rioration in OSA (Longlalerng et al. 2021; Park et al.
2022a; Ueno-Pardi et al. 2022). Ueno-Pardi et al
(2022) investigated how exercise recovers cerebral
metabolic glucose rate and cognitive functions in OSA
individuals. When they compared patients with the
control group, the trained group had improved exercise
capacity, decreased AHI, had fewer oxygen desatura-
tions, increased attention and observed and improve-
ment in cognitive functions, and increased cerebral
metabolic glucose turnover in the frontal lobe (Ueno-
Pardi et al. 2022). Bughin et al. (2020) assessed the
effect of customised exercise with informative sessions
versus education alone on OSA severity indicators over
in a randomized, controlled, parallel-design study with
64 patients. Compared to the control group, exercise led
to a larger reduction in AHI. When compered to educa-
tion only group, distinctive differences were found in
the severity of fatigue and insomnia, depressive symp-
toms, and weight reduction. (Bughin et al. 2020).

Surgical treatment and other therapeutic modalities
Although there is a very probable positive influence on
cognitive functions in the case of successful surgical
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interventions, the evidence is still sparse (Pollicina
et al. 2021). The surgical treatment may be applicable,
particularly in non-obese individuals with treatable
obstruction (e.g. enlarged palatal tonsils or retrogna-
thia), where uvulopalatopharyngoplasty and maxillo-
mandibular advancement are the most effective options
for OSA treatment (Randerath et al. 2021). Lojander
et al. (1999) tested both CPAP and surgical treatment
to improve basic cognitive tests. The study involved
50 individuals (27 in CPAP treatment, 23 treated
surgically). Any effective treatment decreased sleepi-
ness and improved the Bourdon-Wiersma Wakeful-
ness Dot Cancellation test, but the study did not found
significant improvement in the basic cognitive test after
12 months of therapy (Lojander et al. 1999). Alkan et al.
(2021) tested the cognitive functions and vigilance of
32 OSA individuals before and after surgical treatment.
All the tests were repeated during the follow-up after
3-6 months. The Epworth Sleepiness Scale decreased
from 13.7 to 8.1 (p=0.043) and reduced the time
to complete the Color Trail Test (part 1: 21.4 to 18.7s;
part 2: 48.8 to 40.5s, all with statistic significance).
Similarly, according to the Useful Field of Vision Scale,
there were confirmed improvements in selective atten-
tion response time (Alkan et al. 2021).

Mandibular advancement devices (MAD) might be
an effective tool in non-obese individuals with poor
tolerance of CPAP or surgery contraindications (Rand-
erath et al. 2021). However, evidence of improvement in
cognitive functions is missing. We have identified only
a prospective study involving 15 patients — Galic et al.
(2016). The study group consisted of mild to moderate
OSA subjects who were followed up for 3 and 12 months
of therapy use. The AHI decreased significantly (mean
22.9 dropped to mean 9.7), resulting in improved reac-
tion time (measured by a computer-based system) and
overall quality of life (Li et al. 2013; Galic et al. 2016).

Among other therapeutic modalities should be
noted hypoglossal nerve stimulation, which may also be
applicable for similar patients to MAD, including those
with difficult dentition or other complications resulting
in poor effectivity or tolerance of MAD (Li et al. 2013;
Randerath et al. 2021) However, despite great efficiency
in properly selected individuals, the evidence about
effectivity on cognition is yet to be found (Dzierzewski
et al. 2021).

DiscussioN

OSA is rarely a solitary disease; in many patients, it is
one of their many comorbidities, such as cardiovascular
disorders, diabetes mellitus or cognitive diseases. CPAP
is the main OSA therapeutic intervention. As we do not
expect this treatment to reverse somatic components
of the sleep disorder, it is understandable that it will not
eliminate cognitive dysfunctions. One of the reasons
might be that the long-term effect of sleep apnea (at the
time of diagnosis, OSA could have been present for
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many years) on the brain led to partially irreversible
damage, and the treatment corrects only reversibly
damaged parts of the cerebral features. Therefore, we
cannot rely solely on one albeit fundamental treatment
modality, but to manage the patient comprehensively,
including proper lifestyle changes and adjustments and
comprehensive cognitive rehabilitation program and
physical training.

CONCLUSION

In summary, areas of cognitive function most affected
by untreated OSA include attention, memory, and exec-
utive function, while verbal tasks are preserved. Studies
show that untreated OSA prolongs reaction time and
impairs intentional attention and the ability to divide
attention between multiple stimuli. Research attention
is then paid to the degree of adjustment and improve-
ment of cognitive functions in CPAP therapy. Cogni-
tion improves after CPAP treatment and exercise, but
it's improvement is mostly limited — probably because
OSA causes irreversible brain damage making the dete-
rioration persistent. Additional studies are necessary to
assess the long-term outcomes of CPAP treatment on
cognition and the long-term outcome of untreated OSA
on cognitive functions.
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