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a b s t r a c t

Objective: Obstructive sleep apnea (OSA) is a severe disorder with a high prevalence. Psychiatric
comorbidities, especially depressive symptoms and cognitive dysfunction, are often described in OSA
patients. This narrative review aims to examine: (1) the relationship between obstructive sleep apnea
syndrome (OSAS) and depressive and cognitive symptoms, and (2) the effect of OSAS treatment on
psychiatric symptoms.
Method: Articles that were published between January 1990 and August 2018 were searched and
extracted via PubMed, and Web of Science databases. Authors analyzed the papers and its references
using the following keywords: obstructive sleep apnea, depression, cognitive dysfunction, anxiety dis-
orders, and continuous positive airway pressure (CPAP). A total of 632 articles were nominated. After the
selection according to the inclusion and exclusion criteria, 172 articles were chosen. After complete in-
spection of the full texts, finally, 58 papers were selected. Secondary papers from the reference lists of the
primarily designated papers were also searched, assessed for suitability, and added to the first list of the
papers (n ¼ 67). In total, 125 papers were included in this review.
Results: There is a significant overlap in depressive, anxious and OSA symptoms. Studies also show that
attention, working memory, episodic memory, and executive functions are decreased in OSA. Conversely,
most of verbal functions remain intact and variable results are found in psychomotor speed. Several
studies implicated that in some fields of cognitive functions (eg, attention) deficit caused by untreated
OSA can be irreversible and shows only partial recovery after a period of treatment with CPAP.
Conclusions: Untreated OSA impacts affective disorders, and often leads to decline of cognitive functions
or even leads to permanent brain damage. Further studies are needed to analyze the connection between
OSA and affective disorders, anxiety disorders and its effect on cognitive functions more thoroughly,
especially in the context of CPAP treatment.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Obstructive sleep apnea (OSA) has been classified as a sleep
breathing disorder which contributes to oxidative stress. OSA oc-
curs in at least 10% of the population, and leads to higher morbidity
andmortality; nevertheless, associations between OSA severity and
University Hospital Olomouc
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psychological or psychiatric problems remain unclear. OSA is
characterized by repeated cessation or significant restrictions of
airflow (apnea and hypopnea) present in sleep accompanied by
oxygen desaturation and arousals [1]. Currently, it is the most
common sleep disorder of breathing [1,2]. Craniofacial disharmony
is a central risk aspect for the OSA [3]. The fatty accumulation in the
pharynx may have a role in some very obese individuals [3]. The
most OSA is linked to a narrow high-arched hard palate and mid-
face hypoplasia with retro-positioning of the maxilla and chin
(bringing the soft palate and tongue closer to the back of the throat
[4]). The structural disproportions among the skeletal craniofacial
and soft tissue structures disturb pharyngeal airwaymorphology in
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OSA patients. The proportions of the nasopharynx, pharyngeal
length, and the cross-sectional area at the hard palate level, were
linked with the severity of OSA [5].

Although (hetero) anamnestic information may be collected to
determine the diagnosis of OSA, apnea hypopnea index (AHI) pol-
ysomnography (PSG) is a gold standard for proper diagnosis. AHI
refers to the number of apnea or hypopnea episodes recorded per
hour of sleep. An AHI of 5e14 indicates mild, 15e30 moderate and
�30 severe OSA. Hypopnea and apnea interrupt deep sleep and
rapid eye movements (REM) phase and cause sleep pattern frag-
mentation [6]. After awakening, patients do not feel relaxed and
remain tired during the day. Night time symptoms include snoring,
breathing breaks, feeling sick, excessive salivation, excessive
sweating, gastroesophageal reflux, urination during the night, dry
mouth and headache [7,8]. Day time symptoms include excessive
sleepiness, loss of energy, irritability [9], withdrawal from social
activities, difficulty in concentrating [10], cognitive dysfunction
[11,12], anxiety or depressive mood problems [13], and psycho-
motor changes [9,14]. These symptoms show amarked similarity to
the symptoms of major depressive disorder [15,16]. Up to 63% of
patients with OSA have depressive symptoms [13,16,17]. Therefore,
many sleep laboratories regularly evaluate the depressive symp-
toms of their patients using screening questionnaires [8]. The
similarity in the phenotypic expression of OSA and depressive
disorders may lead to misdiagnosing sleep apnea for depressive
disorder and misuse of antidepressant therapy [18,19]. Diagnostics
is performed in sleep laboratories. The most effective treatment is
considered to be positive airway pressure (PAP) treatment e the
most common mode of therapy is continuous positive airway
pressure (CPAP) derived via different types of masks [20e22].
Surgical treatment might be efficient in some cases, especially in
mild to moderate OSA in non-obese patients [5].

The prevalence of OSA in adults (39e59 years) is estimated to be
between 2% and 14%, but in individuals with age over 60 years it is
as high as 20% [2,23,24]. A critical epidemiological analysis of
limited home polysomnography in the United States showed that
the prevalence of OSA, defined by AHI > 15, was approximately 18%
in the general population [25]. OSA significantly reduces the quality
of life (QoL) [22,24]. It is also a risk factor for other health problems
such as increased prevalence of cardiovascular diseases, hyper-
tension, sudden death, and psychiatric conditions like depression,
irritability, memory and cognitive impairment [24e28]. Many
studies have confirmed that obesity, age, sex, snoring, pharyngeal
anatomy abnormalities, and cephalometric characteristics may be
risk factors for OSA [5,29,30].

In the literature, OSA is discussed as possible comorbidity of af-
fective and cognitive disorders [31e33]. When unrecognized, OSA
may worsen the symptoms of psychiatric disorders and prevent
achieving of remission [32]. OSA is often considered and diagnosed
late, even when snoring and apneas are noticed by medical staff.
Studies combining untreated OSAwith range of psychiatric disorders
have emerged [34,35]. Recently, several studies connected untreated
obstructive sleep apnea with a range of psychiatric disorders
[36e39]. This confirms that comorbid OSAmayworsen symptoms of
affective disorders. OSA shares many symptoms with depression
(concentration disturbances, energy loss, and increased fatigue) and
leads to the deepening of depressive symptomatology and the
development of cognitive deficits [32,38e41]. Untreated comorbid
OSA leads to poor adherence to drug therapy, and in contrary,
treatment of OSA improves the symptoms of depression [40,42e44].

Due to the contraindication of hypnotics and benzodiazepines in
OSA, initial depressive treatment periods with polypharmacy may
lead to a rapid worsening of OSA symptoms [45]. However, this
contraindication can be minimized by using CPAP therapy during
the period of sleep in severe depressive disorders.
The aim of the narrative review is to examine: (1) the rela-
tionship between OSAS and depressive and cognitive symptoms,
and (2) the effect of OSAS treatment on psychiatric symptoms.

2. Method

Articles were acquired via PubMed and Web of Science pub-
lished in the years between January 1990 and August 2018 were
extracted. This article is narrative review, which describes and
discusses the state of the knowledge of a topic of the OSA relation to
psychiatric and cognitive problems from the contextual point of
view. It consists of the critical examination of the literature pub-
lished in PubMed, and Web of Science. Authors made a series of
literature searches using the following keywords or items in
indexed fields: obstructive sleep apnea, depression, cognitive
dysfunction, anxiety disorders, and CPAP. The selected papers met
the following inclusion criteria: (1) published in peer-reviewed
journals; (2) studies in humans; or (3) reviews on the related
topic; and (4) English language. The exclusion criteria were: (1)
abstracts from conferences; (2) commentaries; and (3) subjects
younger than 18 years. In addition, further articles were chosen
from the reference lists of primary articles. As shown in Fig. 1 we
searched for literature in other systematic reviews and meta-
analyses. The total of 632 articles were nominated by primary
assortment using keywords in different combinations. After the
selection according to the inclusion and exclusion criteria, 172
pieces were chosen. After a complete inspection of the full texts, 58
papers were selected. Secondary documents from the reference
lists of the primarily designated papers were searched, assessed for
suitability, and added to the first list of the papers (n ¼ 67). In total,
125 papers were included in the review process (Fig. 1), in consis-
tence with the PRISMA Guidelines [46].

Because of narrative character of the review, we did not use the
assessing risk of bias of the individual studies, nevertheless, all
studies were scrutinized by two reviewers, who discuss the
methodology of the studies and select only studies with good
enough methodology.

3. Results

3.1. Depression in patients with OSA

Psychiatric comorbidities, especially depressive symptoms or
depressive disorders, are often described in OSA patients [26,47].
Concerning emotional well-being, the disturbed sleep pattern
negatively affects the stress system and thus increases the sus-
ceptibility of OSA individuals to depression [47e49]. The study of
Kang et al. [50], revealed damages at insular cortex with correlation
to symptoms of depression and anxiety (Hamilton depression scale
and Hamilton anxiety scale) in OSA individuals which were proven
using magnetic resonance imaging (MRI).

Depressive disorders and sleep related breathing disorders very
often occur together [38,51]. Sleep apnea occurs more frequently in
patients with a primary diagnosis of depressive disorder compared
to the overall population [8,49,52e55]. Evidence of the link be-
tween depression and OSA varies. Some authors report that pa-
tients with OSA do not show a clinically significant degree of
depression or have a severity of depressive symptoms higher than
healthy controls [56e58], or patients with other chronic diseases
[59]. In an investigation of 60 patients with OSA, Lee [56], found
that none of them had reached the diagnostic criteria for depres-
sion. In further research in 112 patients with OSA, the severity of
depression was correlated with age, body mass index, and sleep
parameters [60]. However, the severity of OSA was not associated
with the severity of depression scores. Similar results were found in



Fig. 1. Summary of the selection process.
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a study in 2271 patients investigated for sleeping disorders related
to breathing [61]. In this group, the presence of OSA was not
associated with depression or anxiety [61].

On the other hand, other studies have found that OSA may be
associated with clinically significant depression [26,62] or
increased severity of depressive symptoms [20,47,52,58,63e65].
That may be a direct consequence of sleep fragmentation or sec-
ondary to the social impact of this disease. In one study, depressive
symptoms levels were more severe when OSA and night hypo-
saturation were more pronounced [66]. Notably, Ong et al. [52],
showed that 39% of 51 patients with insomnia and depression also
met the OSA criteria. Most of the studies quantify depressive
symptoms by questionnaires, most frequently Beck depression in-
ventory, or objective scales like Hamilton depression and Hamilton
anxiety scales. The major disadvantage of questionnaires and
objective scales are that they measure the intensity of symptoms
but not presence of depressive disorders [65].

Daytime functioning may be impaired due to energy loss, fa-
tigue, depressed mood, sleepiness, irritability, and concentration
difficulties, which are the main symptoms of affective disorders.
Therefore, OSA diagnosis can easily be overlooked in patients with
depression [7]. Moreover, sleepiness itself is one of the Diagnostic
and Statistical Manual of Mental Disorders, fifth edition (DSM-5)
criteria of depressive disorder and also overlaps with the criterion
of fatigue or loss of energy [7]. These diagnostic complexities may
delay proper diagnosis of OSA in patients with depression. Also, the
questionnaire recognizes some depressive symptoms even in in-
dividuals of general “healthy” population [66]. Several symptoms
often reported by the patients with OSA, such as anergia, anhe-
donia, poor concentration, decreased libido, and cognitive defi-
ciency may share underlying mechanisms with depression. As
reported in one study, the severity of OSA was significantly corre-
lated to the score of Beck depression inventory, subjective
sleepiness on the ESS and the BMI [15]. This might suggest that the
shared link between OSA and depression could be impaired sleep,
leading to overlapping in symptoms. Another possible link between
OSA and depression could be obesity. According to several studies,
there is an increased prevalence of depression among obese pa-
tients [67e69], and obesity is the major independent risk factor for
OSA. The third possible link could be the role of chronic inflam-
mation both in OSA and depressive patients. There is evidence of
chronic inflammation in OSA and its decrease after CPAP treatment
[72,73], and studies are corroborating the role of chronic inflam-
mation in depressive patients [76].

The most crucial question is whether the occurrence of
depressive symptoms is directly associated with OSA alone or it is
the result of further disturbances such as drowsiness and wors-
ening of the condition associated with apnea and fragmentation of
sleep [37,68e74]. It is assumed that OSA induces depression in
some individuals, but it is not known whether this depression is a
primary clinical phenomenon, or a secondary consequence of the
overlapping physical symptoms shared by both disorders [75].
Moreover, reduced quality of life in patients with OSA may impair
their overall perception of health and emotional well-being and
contribute to the development of depression [74,77]. Some of the
symptoms often reported by patients with OSA, such as lack of
energy, loss of interest, poor concentration, decreased libido, and
cognitive insufficiency, may coincide with the same symptoms
described in depressed patients and may be associated with day-
time somnolence [15,39]. For this reason, the assessment of the link
between depression and OSA can be difficult because it is difficult
to distinguish the symptoms of OSA itself and the symptoms of
depression, which may be very similar in some cases. One possible
explanation for the high scores of depressive symptoms in ques-
tionnaires in patients with OSA is that these measurements include
items focused on the shared depression and OSA symptoms.
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Instead, they can testify to the severity of OSA rather than
depression alone. However, depression could also be an OSA
epiphenomenon such as mood disorder secondary to health
problems [75]. Possible evidence for this hypothesis stems from
studies showing a decrease in depression after a period of CPAP
treatment [20,75e82].

Unrecognition of comorbid OSA in a patient with a psychiatric
disorder may lead to inappropriate benzodiazepine medications
[83]. While benzodiazepines are commonly used to treat anxiety
and sleep problems and in initial depressive treatment, they may
cause more apneas or hypopneas as they are decreasing muscle
tonus [45], which may be detrimental to OSA patients [79,84]. In
addition, daily fatigue and anxiety go hand in hand in patients with
OSA [36].

3.2. Anxiety in OSA patients

In the review of contemporary literature, Diaz and Brown
[85] note that interaction between anxiety and OSA is unclear and
more primary research to uncover true nature of the connection is
needed. Furthermore, they state that severity of OSA does not
appear to be associated with subjectively reported sleepiness and
fatigue, whereas physiological manifestations of anxiety are asso-
ciated with the severity of subjective symptoms reported. Also, the
review suggests that women are more likely to have comorbid OSA
and anxiety disorder than man [85]. Studies suggest that underly-
ing neurobiological mechanisms are different in anxiety and
depression disorders, thus further supporting evidence that there is
difference between comorbid anxious disorders and depressive
disorder in patients with OSA [86,87]. Of note, one study shows that
treatment with CPAP had a positive effect on anxiety [86]. The re-
view of Gold examines the studies supporting association between
anxiety disorders, functional somatic syndromes, and the upper
airway dysfunction during wakefulness and sleep [88]. According
the author sleep disordered breathing is related to functional so-
matic syndromes and anxiety disorders through enduring activa-
tion of the hypothalamicepituitaryeadrenal axis.

3.3. Cognitive dysfunctions in patients with OSA

Many studies have examined the cognitive functions of OSA
patients. A recent meta-review evaluated neuro-cognitive func-
tions in OSA patients using systematic reviews and other meta-
analyses [41]. The studies showed that attention, working mem-
ory, episodic memory, and executive functions are decreased in
OSA [15,89e95]. Conversely, most of the verbal functions remain
intact [94,96e103], withmixed results found in psychomotor speed
[104]. Different regions of the brain are involved in cognition pro-
cesses, best studied are frontal cortex and hippocampus. It is
noteworthy that male patients with OSA have slower cognitive
function decline [105,106]. Macey et al. [107], examined 66 newly
diagnosed OSA patients to find significant changes in volume of
hippocampal subiculum, more expressed in male population e

where the changes were bilateral. Unlike in males, female OSA
patients showed volume decreases in the right hippocampus head
and tail. Author concludes, that the hippocampus shows sex-
specific, OSA-related volume differences, which may contribute to
sex-related expression of symptoms in the sleep disorder. Volume
increases suggest inflammation and glial activation, whereas vol-
ume decreases suggest long-lasting neuronal injury; both patho-
logic finding may contribute to cognitive dysfunction in OSA.

In the paper by Polsek et al. [108], the authors suggest that
prolonged neuronal activation present both in Alzheimer's disease
and OSA could be underlying pathophysiological concept acceler-
ating onset of both OSA and Alzheimer's disease, but further
research is needed to prove this concept. Also, authors discuss the
problematics of compliance with PAP treatment in patients with
dementia.

Alchantis et al. [109], found significant changes in frontal cortex
of subjects with sleep disordered breathing in an MRI study of OSA
patients (22 individuals) in comparison to 10 healthy controls. The
authors found that repetitive hypoxemia can promote axonal loss
or dysfunction and those changes might be partly irreversible
despite of effective CPAP treatment.
3.3.1. Attention
Attention has several characteristics (ie, selectivity, sustain-

ability, and distribution). Selective attention makes it possible to
incite or ignore stimuli according to their subjective meaning,
mental concentration (sustainability) includes awareness and sus-
ceptibility to stimuli over a more extended period; and shifting
(distribution) allows to accomplish several tasks simultaneously
[99]. Several studies have shown that patients with OSA exhibit
deficits in all three parts of attention [41,90,100]. In situations
requiring divided attention, such as driving in the simulator when
performing another mental assignment, OSA individuals have
increased the time to response and more off-road events compared
to control subjects [100]. Due to the magnitude and distribution of
these deficits, alertness and attention may seem to affect other
cognitive functions [95,96,106,110].

Regarding the cognitive decline treatment, an overview of
cognitive changes associated with CPAP treatment revealed that 11
of 17 studies demonstrated significant improvement in alertness
and attention [97]. However, CPAP is usually not able to return the
quality of attention to normal levels. According to research by Lau
et al. [111], patients after three months of treatment on CPAP differ
from healthy controls in selective and distributed attention. These
findings suggest that attention impairment may be partly due to
hypoxemia and sleep fragmentation, but OSA is likely to cause a
persistent deficiency in the areas of the brain involved in the
attention process [93,97,107,111].
3.3.2. Executive functions
Executive functions are a set of different cognitive abilities, such

as mental flexibility, behavioral inhibition, working memory, the
theory of reasoning and problem-solving. They allow individuals to
use their abilities (such as memory, language, visual imagination)
adaptively to effectively work in a changing environment [102]. A
contemporary meta-analysis showed that OSA patients have
impairment in all five sub-domains (eg, in inhibiting, shifting,
updating/monitoring information in working memory, generating
new knowledge, in verbal fluency, and problem-solving) [110].

Inhibition (ie, the ability to stop an automatic or ongoing
response to an event) is critical to cognitive tests such as Stroop's
test or Go-No-Go tasks. In these tests, OSA patients make multiple
mistakes or have longer reaction times compared to healthy con-
trols [95,96]. In patients with mild to severe OSA, more impulsive
errors were found in the maze test [88].
3.3.3. Mental flexibility
Moving the attention or mental flexibility is the ability to move

from one cognitive or behavioral approach to another. In Wiscon-
sin's screening test, patients with OSA exhibited increased perse-
verance compared to healthy subjects [97,110]. Decreased mental
flexibility has also been documented in studies using Trail making
test B and Zimmermann-Fimm Computer Testing Battery, where
OSA patients required a longer time to complete tasks than healthy
controls [91,97,110].
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3.3.4. Working memory
Working memory is an essential part of cognitive functions,

defined as the ability to store, use, update, and track task scope
information [113]. Moreover, it was found that patients with OSA
managed tasks much worse when compared to healthy controls
[97,111]. Redline et al. [114], found that working memory is one of
the most frequently diminished parts of executive functions in
patients with OSA.

3.3.5. Episodic memory
Similarly, episodic memory was extensively investigated in pa-

tients with OSA. Episodic memory is the ability to remember verbal
or visual information in a space-time frame. Tasks usually include
immediate recall, total recall for multiple steps or learning, delayed
recall, and memory recollection. Learning and the ability to
remember a list of words, such as the Rey's Hearing-Verbal Test and
the California Verbal Test, are examples of episodic memory tests. A
recent meta-analysis stated that OSA patients have a different
pattern of verbal and visual episodic memory deficits. With word
material, each memory component was compromised either
immediately or later in delayed recall, learning, or recognition
[115]. However, in visuospatial tasks, patients with OSA experi-
enced a worsening only for immediate and delayed recovery, and
learning outcomes and recognition were normal [115]. It has been
proposed that this deficiency cannot be attributed entirely to the
reduced attention or severity of OSA.

3.3.6. Problem-solving
It has also been found that problem-solving, including the

assessment and selection of the order of activities to achieve the
goal, was also impaired in patients with OSA. In the tests usually
used to evaluate this factor of cognitive functions, namely the
Tower Test, Na€egel�e et al. [116], have shown that patients with OSA
need more steps to resolve specific problems. Some executive
features of verbal behavior such as mental processing speed, flex-
ibility and synthetic skills are also reduced in OSA patients,
regardless of otherwise normal language skills [87,93,116].

In short, investigations have found deficits in most executive
functions in patients with OSA, namely reduced processing speed,
increased perseverance, impulsivity, and prolonged problem-
solving. However, it is important to mention that the studies are
significantly heterogeneous in the findings. That may be partly due
to sample heterogeneity (with regards to education and/or age),
different OSA severity, and the use of various tests [110].

3.3.7. Motoric dysfunctions
Tasks involving fine coordination and psychomotor speed are

typically used to investigate motor dysfunctions that arise in the
background of the untouched ability of normal movement. In the
Purdue Pegboard Test, a drop in manual skills was described in OSA
patients [89,116]. Good motor coordination is more sensitive to
chronic hypoxemia than fragmentation of sleep [97]. From a liter-
ature review, half of the published studies described that OSA pa-
tients had reduced processing speeds compared to healthy controls
[41]. This limited processing of information is likely to affect per-
formance in some cognitive tests, such as tasks that evaluate ex-
ecutive functions (ie, Tower test or Trail test B) and visual attention.
It is no wonder that individuals with OSA had worse outcomes than
controls on all tasks that included visuomotor coordination [97].

3.4. Impact of treatment with CPAP on psychiatric comorbidity

There are several articles that show improvement of some
psychological disturbances (such as depressive symptoms and
partially also cognitive dysfunction) by OSA treatment. CPAP
treatment produces small to moderate improvements in executive
functions [97,108]. One study, for example, showed improvement in
Trail Making Test B and verbal fluency (semantic) in OSA after short
CPAP treatment (15 days). Long-term treatment (four months) may
not bring any further improvement in cognitive performance tests
[117]. In this study, behavioral inhibition and working memory did
not change after short (15 days) or long (four months) CPAP
treatment [86]. Additionally, it was found that the psychological
flexibility of OSA patients did not reach a level of controls after
three months of treatment [111]. According the Barnes et al. [118],
both CPAP and mandibular advancement decrease successfully
treated sleep-disordered breathing and tiredness, but the expected
response in neurobehavioral function was partial. In summary,
these studies suggest that after a short CPAP treatment, only a
particular aspect of the executive functions is recovered, without
systematically achieving the level of controls [92,109]. In the neu-
roimaging study of Rosenzweig et al. [119], patients with OSA un-
derwent one month of PAP treatment. Results suggest that the PAP
treatment can lead to adaptive alterations in the neurocognitive
architecture and authors suggest that PAP treatment can lead to
partial neural recovery. The fact that other cognitive functions such
as attention and vigilance are needed to address most cognitive
tasks and that OSA can cause permanent damage to the prefrontal
cortex could explain some of the mismatches in studies examining
the effects of CPAP treatment on cognitive functions [111,120].

In contrast to other cognitive areas, psychomotor speed and fine
coordination do not significantly improve after CPAP treatment,
indicating that OSA can cause permanent damage to cortical and
subcortical regions involved in motor skills [121]. In the CPAP
treatment outline, improvement in memory was recorded in
approximately half of the examinations [96]. Although all of the
components evaluated in OSA's verbal episodic memory are
affected, three-month CPAP treatment led to normalization of im-
mediate and delayed recollection and verbal and visual-space
learning [41,93,109]. Another important issue is the compliance
with treatment, which is in the most studies defined as PAP usage
>4 h/night, but this aspect is usually not considered.

4. Discussion

Our review article points out that patients with OSA can also
suffer from additional problems, particularly higher depression and
anxiety scores and diminished cognitive functions. It is essential to
differentiate whether the depression score is connected to the OSA
itself, or whether it rather is a manifestation of a comorbid
depression disorder. Numerous findings concerning the psychiatric
problems in OSA patients have been reported, however, their
importance needs to be explored further, as symptoms of OSA
partially overlap with mental disorders, especially with the
depression disorder. If patients develop depressive disorder, their
compliance with the treatment of OSA might be significantly
compromised. Furthermore, there is a further decline in quality of
life, which is already influenced by OSA itself. The typical symptoms
of depression, including depressed mood, sadness or emotional
numbness, anhedonia, hypobulia, loss of appetite, depressive
thoughts, as well as other symptoms, particularly those that do not
respond to CPAP treatment, like hypoprosexia, tiredness and sleep
disturbance, can be symptoms of a comorbid depression disorder.
There is a need for additional studies that would investigate the
comorbid depression by focusing on the core symptoms of
depression, while eliminating the symptoms attributable to both
depression and OSA e tiredness, sleep disturbance and dyscon-
centration. The CPAP treatment aimed to reduce the apneic pauses
improves the joint symptoms, but it is unknown, whether it would
improve the specific symptoms of depressive disorder as well.
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Further knowledge in this matter could help to differentiate the
patients that would benefit from adjuvant antidepressant treat-
ment from the patients that are to be treated only by the CPAP or
surgery.

As sleep related breathing disorders show increased prevalence
in mood disorders, we recommend OSA screening in psychiatric
patients; because screening will shorten the time needed to make a
proper diagnosis [52,54,55,82,121,122], especially when risk factors
(eg, male, snoring, obesity etc.) present in patients [52,54,76]. OSA
treatment reduces number of apneas/hypopneas and can improve
affective symptoms in patients with treatment-resistant depression
[53,79e84,123e126].

Contemporary and older studies examining relationship be-
tween OSA and cognitive functions show that attention, working
memory, episodic memory, and executive functions are decreased
in OSA [86e98,127]. In the review from Bucks et al. [120], the au-
thors conducted extensive search of contemporary literature
regarding OSA and cognitive functions and state that the evidence
is robust for impairment of attention, long term verbal and visual
memory and all aspects of executive functioning. More findings
suggest that there is also reduced information processing. On the
other hand, according to Bucks et al. [120], visuospatial learning
and immediate visual recall appears to be intact. Authors found no
consistent results in the impairment of short-term memory.

When treated, studies describe that only particular aspect of the
executive functions is recovered, without systematically achieving
the level of controls [105,109]. Conversely, some parts of cognitive
functions such as verbal functions remain intact and some parts of
cognitive functions such as psychomotor speed and motoric skills
shows mixed results [41,92,95e114,120,128]. Currently, whether
this is due to hypoxemia induced damage to different areas of the
brain remains unclear and some imaging studies shows that part of
the damage from untreated OSA can be irreversible [107e119].
Impairments of cognitive functions need to be evaluated only after
the successful treatment of OSA, as they can be mimicked by
coincidental loss of concentration due to sleep deprivation. Also,
some works suggest that even after period of the treatment with
PAP device, cognitive performance in patients with OSA is not at the
level of healthy controls [93,111]. This fact further strengthens idea
of permanent hypoxemia induced damage to brain in untreated
OSA patients. Further researchwith complex cognitive tests and the
focus on changes after treatment is needed to further prove these
findings.

The subject is one worthy of review because there is neglect of
this connection among psychiatrists, who did not screen the
chronic depressed patients for OSA. In addition, the health pro-
fessionals in sleep disorders, who works with OSA, could overlook
the patients with depression and cognitive impairment.

The results mention above have several implications for the
practice and future research. There is a strong need in the practice
in psychiatry to recognize and monitor OSA, especially in obese
patients, patients with the chronic depression, and patient with
mild cognitive dysfunction. For the sleep laboratories there is a
need for monitoring the mood and cognitive problems in OSA pa-
tients. In the future, research should focus more deeply to the
recognize distinction between depressive symptoms and symp-
toms of OSA, constructing more appropriate questionnaires and
assessment tools.

The study provide examination of recent or current literature. It
covers extensive collection of investigations at various levels of
completeness and generality. The strengths of the study are:

� The study summarizes the current state of knowledge and gaps
in the topic of psychiatric disorders in OSA patients, without
repetition and identifying omission.
� Study selection was described.
� The inclusion and the exclusion criteria were described.
� Article selection was done in duplicate.
� Flow chart of study selection was provided.

The limitations of the study are:

� Meta-analysis was not conducted.
� Is reliant upon the searcher to determine value added that the
variety of methods and findings the studies give.
5. Conclusion

OSA is a severe illness that has a high prevalence in the adult
population and will most likely continue to increase in the future
due to the trend of increasing the averageweight. In our conditions,
sleep apnea is usually diagnosed too late, and despite repeated
observations of typical night-time symptoms in inpatient care,
clinicians rarely consider it. Untreated OSA worsens many cardio-
vascular diseases, prevents their compensation, impacts affective
disorders, and often leads to worsening of cognitive functions or
even to permanent brain damage. Every patient with chronic
depression should be evaluated for OSA and maybe any inspiratory
airflow limitation should be treated in these patients [129]. A
particular topic for psychiatry is the possibility of developing sec-
ondary OSA after the side effect of several psychopharmacs in the
form of weight gain. Metabolic syndrome in individuals taking
second-generation antipsychotics is thought to be mediated by
antipsychotic-induced weight gain. However, recent literature
challenges this notion, and theoretically, it may also be mediated
through obstructive sleep apnea (OSA) [130]. For the reasons
mentioned above, obstructive sleep apnea should be included in
the differential diagnosis of both inpatient and outpatient care,
especially when the difficulty of achieving quality remission of
psychiatric disorder is present. Further studies are needed to
examine the connection between OSA and affective disorders,
anxiety disorders, and their effect on cognitive functions entirely,
especially in the context of CPAP treatment.
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