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Abstract Obstructive sleep apnea (OSA) can negatively

affect the patient’s physical and psychological functioning,

as well as their quality of life. A major consequence of

OSA is impaired cognitive functioning. Indeed, several

studies have shown that OSA mainly leads to deficits in

executive functions, attention, and memory. As OSA can

present in all age groups, these associated cognitive deficits

have been observed in adults, as well as in children and

adolescents. However, these cognitive deficits may have a

different clinical picture in young patients compared to

adults. In this review, we analyze the most affected cog-

nitive domains in adults and children/adolescents with

OSA, as evaluated by neuropsychological and neuroimag-

ing studies. We found that deficits in working memory,

attention, or executive functions cognitive domains are

found in both adults and children with OSA. However,

children with OSA also show changes in behavior and

phonological processing necessary for proper development.

Moreover, we examine the possible OSA treatments in

children and adults that can have a positive influence on

cognition, and therefore, improve patients’ general func-

tioning and quality of life.

Keywords Sleep apnea syndromes � Cognitive science �
Obstructive sleep apnea � Neuroimaging �
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Introduction

While physiological changes in breathing normally occur

during the different sleep phases, more profound breathing

alterations are observed in some pathological sleep disor-

ders, such as in obstructive sleep apnea (OSA) (Atanasov

and Dimov 2003). OSA is characterized by repeated epi-

sodes of closure or stenosis of the upper respiratory tract,

leading to apnea or hypopnea with either preserved normal

or increased respiratory muscle activity. In adults, the

clinical history of OSA includes nocturnal symptoms such

as periods of apnea, interrupted by periods of loud snoring,

restless sleep, and sudden awakenings. Additionally, day-

time symptoms such as increased sleepiness, morning

headaches, and impaired attention have been observed

(Guilleminault et al. 1977). Obesity is the most common

cause of OSA in adults (Chen et al. 2014), while other

factors, such as high neck circumference, craniofacial and

upper airway anatomical abnormalities, can also increase

the likelihood of developing OSA (Borges et al. 2014).

OSA requires differentiation with Obesity Hypoventilation

Syndrome (OHS) which concerns obese patients, present-

ing clinical signs of OSA but not confirmed in

polysomnography (Zawada et al. 2013; Ryan et al. 2014;

Liu and Yuan 2014).

The clinical picture of OSA in children or adolescents is

different to adults. Children with OSA present with loud

snoring, together with other, non-specific symptoms,

including: growth retardation, enuresis, academic learning

difficulties, and behavioral problems, such as attention
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deficit/hyperactivity (ADHD) disorders. Unlike obesity in

adults, tonsillar and adenoid hypertrophy is the most

common etiology of OSA in children, followed by

anatomical abnormalities (Solyom et al. 2014). Despite the

different clinical presentations, polysomnography remains

the gold standard for diagnosing OSA in adults and chil-

dren, in addition to clinical history (Health Quality Ontario

2006).

As a consequence of OSA, decreased blood oxygen

saturation, and conscious or unconscious arousal (wake-up

events) can occur during the night (Paiva and Altarian

2014). If left untreated, OSA may cause significant neu-

rological problems, including stroke, depression, head-

aches, peripheral neuropathy, and non-arteritic ischemic

optic neuropathy (NAION). Moreover, OSA is often

associated with impaired cognitive function, most likely

due to the intermittent hypoxia.

A relationship between OSA and cognitive impairment

was first identified in the 1980s (Findley et al. 1986;

Greenberg et al. 1987; Klonoff et al. 1987). However,

despite many years of research in this field, the prevalence,

pathogenesis, and therapy of impaired cognitive functions

relating to OSA remains elusive. Moreover, in comparison

to a wide range of publications devoted to cognition in the

adult population with OSA, research on the neuropsycho-

logical effects of the pediatric form of the disorder is

limited (Beebe et al. 2004; Horiuchi et al. 2014).

In this review, we aimed to determine the most affected

cognitive domains in adults and children/adolescents with

OSA, as evaluated by neuropsychological and neuroimag-

ing studies. To do this, we identified previously published

studies on sleep, breathing disorders, and cognitive dys-

function from 1990 until 2015 the PubMed database using

the following search terms [effective date: August 26,

2015): (sleep (Title/Abstract) AND apnea (Title/Abstract)]

OR breathing disorders (Title/Abstract) OR cognitive def-

icits (Title/Abstract) OR attention (Title/Abstract) OR

executive functions AND cognitive deficits (Title/Ab-

stract)] OR children (Title/Abstract) OR adolescents OR

adults OR CPAP OR polysomnography AND English

(lang) AND (1990/01/01(PDAT): 2015/08/26PDAT)). We

identified 26 original studies referring to adults, and 15

original studies referring to children and adolescents. We

also included systematic reviews, meta-analyses, case

reports, etc., in our discussion.

Cognitive domains affected in adults with OSA

Overviews of the identified studies investigating cognitive

deficits due to OSA in the adult population are presented in

Tables 1 and 2. Unfortunately, the exact prevalence of the

cognitive dysfunctions in adults with OSA is still unknown

and varies widely depending on study design. For example,

in one study (Saunamäki et al. 2009), most OSA patients

performed at a normal level; only few patients had mild

(2.5–12.5 %) or moderate-to-severe (5–15 %) cognitive

dysfunction. In contrast, a prospective observational study

reported that one in four newly diagnosed OSA patients

had a severe and distinctive neuropsychological dysfunc-

tion (Antonelli Incalzi et al. 2004). Finally, Pierobon et al.

(2008) reported that at least 59.2 % of obese OSA patients

had at least one cognitive impairment. Therefore a large,

multi-center study on the cognitive deficits in OSA

patients, with and without obesity, is still required to

accurately determine its prevalence.

According to a recent meta-analysis (Bucks et al. 2013),

most published studies have identified executive functions,

attention, and memory as the most affected cognitive

domains in OSA. Moreover, a systematic review published

by Saunamäki and Jehkonen (2007) stated that executive

functioning is the most impaired cognitive domain in OSA

in the adult population (Fig. 1).

Executive function is impaired in adults with OSA

Executive function is the control of cognitive processes,

including working memory, reasoning, task flexibility,

problem solving, planning, and execution. Deficits in

executive function in adults with OSA are mostly related to

working memory, but also to phonological fluency, cog-

nitive flexibility, and planning (Saunamäki et al. 2009).

However, while the executive functions in the systematic

review by Saunamäki and Jehkonen (2007) were generally

assessed with standardized test methods, the sample sizes

were significantly varied and the groups were widely dis-

tributed in terms of OSA severity. Nemeth et al. (2012)

suggested that there is selective susceptibility of OSA

patients to the more attention-demanding cognitive func-

tions, such as working memory and executive functions,

compared to general skill learning and sequence-specific

learning. Moreover, when Lis et al. (2008) separated the

deficits in executive functions into the more elementary

cognitive processes involved in task solving, they found

differences in processing time derived from the deficits at a

more basic cognitive processing level. However, this

reduced accuracy appeared to be attributed specifically to

working memory.

On the other hand, one study (Borges et al. 2013) on a

selected group of OSA patients without comorbidities

reported no significant group differences in test scores

measuring six distinct executive function domains (shift-

ing, inhibition, updating, dual-task performance, planning,

and access to long-term memory). The authors of this study

concluded that OSA without comorbidities did not lead to

executive function impairment. However, Hilsendager

et al. (2015) reported that OSA combined with obesity does
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lead to executive function impairment, and that obesity

status is a significant predictor of performance in the

executive functioning tasks.

In summary, the previously published studies suggest

that working memory is the most commonly affected

subpart of executive functioning in adults. However, it

remains to be established whether these changes are related

to OSA symptoms or the comorbidities, such as obesity,

which lead to cardiovascular and neurological complica-

tions. A valuable assessment of working memory using one

consistent neuropsychological test, supported by neu-

roimaging studies discussed below, should be performed in

order to confirm these findings.

Attention deficits are common in adults with OSA

Several studies have demonstrated that OSA patients show

impairments in sustained, selective, and divided attention

(Bucks et al. 2013; Gagnon et al. 2014). It has been sug-

gested that these vigilance and attention deficits could

influence and worsen other aspects of cognitive deficits in

OSA, such as executive functioning and episodic memory

impairments (Gagnon et al. 2014). However, most of these

studies included only moderate and severe OSA patients,

while mild OSA subjects were generally excluded.

Not all aspects of attention are equally impaired in OSA

patients. In one study (Tulek et al. 2013), attentional con-

trol processes were found to be impaired when focal

attention (Flanker task) processes were involved, but were

intact when observed using the Simon and Stroop tasks.

Moreover, Sforza et al. (2004) found that the speed with

which the subjects respond to a visual stimulus (measured

with the psychomotor vigilance task) was more affected

than the accuracy in OSA patients.

As Mazza et al. (2005) hypothesized that a single test

could underestimate impaired vigilance and attention in

some patients, they performed three attentional tests

(measuring maintenance of wakefulness, as well as sus-

tained, selective, and divided attention) at three time points

(9 am, 11 am, and 1:30 pm) within the same day. OSA

patients performed significantly worse in all three tests

during the three sessions. Additionally, vigilance and/or

attentional impairments were found in 95 % of OSA

patients. While the results of this study show a high per-

centage of OSA patients with attentional deficits, the

results could have been influenced by morning somno-

lence, which is more pronounced in OSA patients. There-

fore, it would be valuable to perform a battery of

attentional deficits tests, at different times of the day and

while performing different activities, in both mild and

moderate/severe cases of OSA.

Memory and learning deficits are often mild in adults

with OSA

Most studies report that memory impairment in OSA

patients is mild (Yaouhi et al. 2009; Gelir et al. 2014), and

not all memory processes are affected (Beebe et al. 2003;

Naëgelé et al. 2006; Wallace and Bucks 2013). According to

a recent meta-analysis (Wallace and Bucks 2013), subjects

with OSA are more significantly affected in verbal episodic

memory and visuo-spatial episodic memory, but not as

much in visual immediate recall or visuo-spatial learning

when compared to healthy controls. However, the authors

emphasize the weaknesses in the methodology of the

reviewed publications, such as significant heterogeneity in

the sample size, oxygen levels, premorbid IQ or education,

choice of comparison group, and a lack of classification for

memory tasks. They also discuss the possible necessity to

use screening polysomnography in the control group.

Twigg et al. (2010) reported that OSA is associated with

an impairment in verbal, but not visual memory. This

contrasts with the meta-analysis conducted by Beebe et al.

(2003), who found no significant effect of OSA on verbal

immediate recall and verbal long-term memory. Moreover,

Naëgelé et al. (2006) investigated three separate memory

systems (verbal episodic, procedural, and working) and

found OSA patients exhibited a deficit of episodic memory,

decreased performance in procedural memory, and an

impairment of specific working memory capabilities.

However, no correlation was found between OSA severity

and memory deficits, which is in line with the results of

Twigg et al. (2010). On the other hand, one group recently

reported negative correlations between OSA severity using

the apnea-hypopnea index (AHI) and immediate memory,

logical memory, and theme drawings (Jurádo-Gámez et al.

2015). In contrast, Gelir et al. (2014) found no significant

effect of OSA on working or procedural memory, which is

in line with the study of Rouleau et al. (2002).

Fig. 1 Impact of OSA on cognitive impairment
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In summary, the data have been inconsistent in terms of

impaired memory functioning in OSA patients. Such

inconsistencies could be related to a difficulty in finding a

proper diagnostic neuropsychological test that would pre-

cisely examine this type of dysfunction. It would be

valuable to assess the cortical and cerebellar areas

responsible for each type of memory system using a neu-

roimaging studies as a supplement to a valid neuropsy-

chological test as discussed below.

Cognitive deficits in adults with OSA assessed

by neuroimaging studies

Neuroimaging assessment in conjunction with neuropsy-

chological studies can help us to confirm the cognitive

deficits in OSA. The studies that have used such neu-

roimaging techniques are summarized in Table 2.

Zhang et al. (2011) assessed severe OSA patients with

both neuropsychological and neuroimaging tests (i.e.,

functional magnetic resonance imaging, fMRI, during a

brief visual delayed matching-to-sample task), and showed

a reduced mismatch-related activation in frontal regions.

This impairment correlated with the arousal index and

hypoxia in these patients, suggesting that hypoxia may

cause this cognitive deficit. In a similar study (Thomas

et al. 2005), fMRI was used to map cerebral activation

during a 2-back verbal working memory task. Working

memory speed in OSA patients was significantly slower

than in the control group and was associated with the

absence of dorsolateral prefrontal cortex activation.

Therefore, by combining these neuropsychological and

neuroimaging tests, it was confirmed that working memory

is affected in adults with OSA.

As the hippocampus and frontal cortex are closely

associated with memory processes and executive functions,

and are particularly susceptible to sleep fragmentation,

hypoxemia and hypercapnia (Beebe and Gozal 2002), most

studies show altered brain metabolism and neuronal loss in

these areas in OSA patients. For example, Alchanatis et al.

(2004) examined OSA patients using proton magnetic

resonance spectroscopy (MRS) and found that the N-

acetylaspartate-to-creatine ratio (indicative of axonal loss

and/or dysfunction) and the choline-to-creatine ratio

(indicative of myelin lipid loss and or/phospholipid meta-

bolism dysfunction) were significantly lower in the frontal

white matter of OSA patients compared controls. In regards

to the frontal lobe, white matter lesions are known to be

associated with a cognitive executive dysfunction, which

may explain the irreversibility of some cognitive deficits

related to OSA. Moreover, a study performed on hip-

pocampal area metabolites (Bartlett et al. 2004) reported

that in the left hippocampal area, the N-acetyl-contain-

ing:creatine-containing compound ratio was significantly

increased in OSA subjects. As there was no significant

difference in the hippocampal N-acetyl-containing com-

pounds levels, the observed alterations were most likely

due to a decrease in creatine-containing compounds. These

lower levels of hippocampal creatine-containing com-

pounds were correlated with a worse OSA severity and

neurocognitive performance. Finally, using voxel-based

morphometry, Morrell et al. (2003) reported a significantly

lower gray matter concentration within the left hip-

pocampus in right-handed OSA patients compared to

controls. The results of these studies indicate the brain

morphology changes in the hippocampus are associated

with OSA.

Similarly, Yaouhi et al. (2009) reported that significant

cerebral changes, as assessed by MRI, precede the onset of

neuropsychological impairment in patients with OSA.

Indeed, indications of axonal injury in axons linking major

structures within the limbic system, pons, frontal, temporal,

and parietal cortices and projections to and from the

cerebellum have been reported in OSA patients (Macey

et al. 2008). Torelli et al. (2011) also evaluated brain

morphological changes and their relationship to neu-

ropsychological test results in moderate to severe OSA

patients. The volumes of cortical gray matter, as well as the

size of the right hippocampus, right and left caudate, were

smaller in OSA patients compared to the control group and

correlated with poorer performance in several neuropsy-

chological tests. In addition, when brain activation during a

response inhibition test (i.e., a Go/No-go task) was exam-

ined using fMRI, OSA patients showed lower ability to

withhold a response, and this was associated with

decreased brain activation in the left postcentral gyrus,

cingulate gyrus, and inferior parietal lobe, right insula and

putamen (Ayalon et al. 2009). Therefore, different areas in

the brain can be morphologically affected in OSA patients,

and these changes correspond to differing cognitive

deficits.

By combining neuropsychological assessment and neu-

roimaging studies, we can precisely identify the areas in

the brain responsible for cognitive impairments in OSA

patients. There should be more focus on identifying the

particular areas in the brain that are responsible during

assessment of OSA patients with cognitive deficits. Such

combined studies would help us to determine whether these

changes are due to hypoxemic episodes of OSA or other

causes.

Cognitive deficits in children and adolescents

with OSA

While there are only limited studies on cognitive deficits in

children and adolescents, the accessible findings show that

the type and intensity of symptoms presented in young

Cognitive deficits in adults with obstructive sleep apnea compared to children and adolescents S193

123



patients vary according to age. Unfortunately, while there

is substantial evidence confirming the presence of a cog-

nitive deficit in school-aged children, the number of studies

examining pre-school children is much lower (Jackman

et al. 2012). A summary of the available studies on the

cognitive deficits in children and adolescents with OSA is

shown in Table 3.

In one of their studies, Jackman et al. (2012) focused on

children (aged 3–5 years) with primary snoring and

mild/moderate/severe OSA syndrome compared to non-

snoring children. Overnight polysomnography and cogni-

tive battery were applied, along with behavioral analyses.

The authors reported that sleep-disordered breathing (SDB)

of any severity was associated with poorer behavior, but

not decreased cognitive performance. The authors also

drew attention to the possible study limitations, such as the

fact that during cognitive assessments of young children, it

is often more difficult to keep them engaged in assessment

procedures as they are also more easily distracted than

older children. Also, children of this age may often refuse

to complete subtests or are not sufficiently cooperative.

Jackman et al. (2012) also suggested that early treat-

ment of OSA may prevent cognitive deficits arising later

in childhood. Unfortunately, there is evidence that cog-

nitive impairment is already found in children as young as

5 years. For example, Gottlieb et al. (2004) found that

SDB symptoms are associated with poorer executive

function and memory skills and lower general intelligence

in children aged 5 years (using a parent-completed

questionnaire, polysomnography, and standardized neu-

rocognitive tests). Moreover, when school-aged children

with SDB were treated with adenotonsillectomy,

improvements in SDB after 4 years were concomitant

with improvements in some areas of neurocognition, but

not in academic ability or behavior (Biggs et al., 2014).

Therefore, an earlier diagnosis (before age 5) and treat-

ment may have prevented some of these cognitive deficits

from occurring.

As mentioned above, there have been more studies on

school-aged children. Bourke et al. (2011) found that

neurocognitive deficits are common in children with SDB

(aged 7–12 years) regardless of the disease severity.

Archbold et al. (2004) examined 12 children with mild

SBD (aged 8.0–11.9 years) and found they showed sig-

nificant impairment in sustained attention and vigilance

on a computerized continuous performance test. While a

number of studies present cognitive domains that are

similarly affected in both adults and children, such as

executive functioning or attention, specific impaired

domains for the pediatric population, such as phonologi-

cal processing, have also been reported. For example,

O’Brien et al. (2004) showed that children with SDB

scored significantly lower than controls on the attention/

executive function domain, and specifically on the visual

attention and executive function. In addition, children

with SDB scored significantly lower than controls on

phonological processing, the skill that is critical for

learning how to read. In a study performed a few years

later by Hamasaki Uema et al. (2007), it was observed

that children aged 6–12 years with OSA show worse Rey

test scores, which could indicate deficits in a number of

cognitive domains, such as visuo-spatial memory, atten-

tion, and working memory. In addition, Lau et al. (2015)

found that verbal working memory impairment related to

OSA in children may have a further negative impact on

learning potential and neurocognitive development.

However, it is important to note that Biggs et al. (2011)

examined 127 children aged 7–12 years with SDB to find

out whether the deficits in memory were due to parental

overestimation, and found that parents of children with

less severe SDB tend to overestimate their symptoms.

This suggests that observation of deficits in working

memory may be largely dependent on the assessment

method, and that children with SDB may not be as

impaired as previously thought.

Some unique cognitive deficits in school-aged children

with OSA have been described compared with the adult

population. For example, Kheirandish-Gozal et al. (2014)

showed that cognitive and empathetic processing (as

measured by a fMRI during a color-word Stroop task and

an empathy task) was deteriorated in 10 children (aged

7–11 years) with polysomnographically diagnosed OSA.

However, a much larger sample size is required to confirm

this finding.

Another study in school-aged children found that chil-

dren with OSA have a higher arousal index than controls

(Miano et al. 2011). Therefore, they hypothesized that

arousal is a defensive mechanism that may preserve cog-

nitive function by counteracting the respiratory events at

the expense of sleep maintenance. Moreover, they reported

that children with OSA had a higher ADHD rating, which

negatively correlated with the level of oxygen saturation

during the night. This suggests a correlation between

attention deficits and OSA in children, most likely due to

hypoxia.

Similar to the findings in adults, neuroimaging or

neuroelectrophysiological studies can confirm the cogni-

tive deficits in children with OSA. For example, Quan

et al. (2013) examined children with SDB by neurocog-

nitive battery and electroencephalographic monitoring,

and showed that long-term changes in executive function

were undetectable by neuropscyhological testing, but

were visible during neuroelectrophysiological monitoring.

Moreover, in a study by Barnes et al. (2012), children

with OSA underwent overnight sleep studies and neu-

ropscyhological testing, as well as the oddball attention
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task, while event-related potentials (ERPs) were recor-

ded. They concluded that specific ERPs during a single

attention task can reliably identify the presence of OSA-

associated cognitive dysfunction. According to authors,

electrophysiological approaches during specific cognitive

tasks may serve as simple, complementary, and reliable

reporters of cognitive dysfunction associated with OSA in

children.

The effects of obesity on cognitive deficits in children

with OSA have also been investigated. In a study by Tan

et al. (2014), 31 adolescents (aged 10–18 years) with

OSA and obesity (mean BMI of 32.3 ± 4.9) were

assessed according to intelligence, memory, learning,

academic achievement, behavior, and executive func-

tioning. The authors concluded that children with OSA

and obesity may have an increased risk for some poorer

educational and behavioral outcomes. In addition, Han-

non et al. (2012) postulated that sleep fragmentation and

poorer sleep quality have implications for neurocognitive

functioning in obese adolescents. Similar conclusions

were drawn by the research group from the Children’s

Hospital of Philadelphia, who found that obese adoles-

cents with OSA presented impaired executive and

behavioral functions compared to controls, and were

more likely to score in the clinically abnormal range on

measures of neurobehavioral functioning (Xanthopoulos

et al. 2014). Similarly, in the study performed by Vitelli

et al. (2015), it was observed that in the group of children

with OSA, the worst cognitive performance was found in

the subgroup with comorbid obesity. According to the

authors, these findings were very important, as this period

of life is crucial for the development of proper frontal

lobe functioning.

There are also other comorbidities described in the lit-

erature associated with OSA in children, such as Down

syndrome (Lal et al. 2015). Among children with this

condition, mean verbal IQ score was found to be lower in

patients with comorbid OSA than in those without OSA,

and performance on measures of cognitive flexibility was

poorer (Breslin et al. 2014).

In summary, the cognitive dysfunctions in children

focus on slightly different areas of cognition than in adults,

such as behavioral and educational aspects, visual atten-

tion, and phonological processing, which are necessary for

the proper intellectual development of a child. Based on

the early changes in neuroimaging and neuropsychological

presentation, these children should be treated early to

prevent persistent, irreversible cognitive changes in the

future. There should be more direct focus on assessing the

cognitive functions in the youngest patients with OSA,

however, due to their inability to verbally express their

thoughts, there is limited ability for neuropsychological

assessment.T
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OSA treatment methods

OSA treatment in adults using continuous positive airway

pressure

In terms of treatment in the adult population, the dominant

method remains continuous positive airway pressure

(CPAP), which requires strong patient compliance (Hus-

sain et al. 2014). However, CPAP studies in OSA patients

show a significant discrepancy in results, most likely

related to a large variability in study designs and durations

of treatment. Several authors (Aloia et al. 2004; Saunamäki

and Jekhonen 2007; Lau et al. 2010; Antic et al. 2011)

report that even the most optimally treated OSA patients

may not experience a complete reversal in attention and

executive functions, due to the permanent brain alterations

in severe cases (Ferini-Strambi et al. 2003). It confirms the

findings of the apnea positive pressure long-term efficacy

study (APPLES), a recent, randomized, double-blind multi-

center trial (Kushida et al. 2012) on 1098 participants

diagnosed with OSA. APPLES reported that neurocogni-

tive measures (attention and psychomotor function, verbal

learning and memory, executive and frontal-lobe function)

did not improve after 6 months of CPAP therapy compared

to sham CPAP therapy. However, results of an earlier study

(Felver-Gant et al. 2007) indicated that patients who were

highly compliant with treatment demonstrated selective

improvement in working memory after 3 months of CPAP

treatment. Additionally, in a study on severe OSA patients

(Ferini-Strambi et al. 2003) authors reported that after

15-days of CPAP treatment, attentive, visuo-spatial learn-

ing, and motor performances returned to normal baseline

levels, but after a further 4 months of CPAP treatment did

not result in any further improvement in cognitive tests.

Moreover, they found that performance during tests eval-

uating executive functions and constructional abilities was

not affected by short- and long-term treatment with CPAP.

One study showed that attention and vigilance, psy-

chomotor speed, executive functioning, and non-verbal

delayed recall improved in patients compliant with CPAP

treatment after 3 months (Aloia et al. 2003). However, the

results from studies investigating the effects of CPAP on

memory are inconsistent. Grenèche et al. (2013) investi-

gated the effects of CPAP treatment on short-term memory

performance over 24 h of sustained wakefulness and

revealed that untreated OSA patients had no deficit in the

immediate memory but were impaired in working memory,

which was improved after 6 months of CPAP treatment.

As the abnormalities in cognitive functions are reflected

in structural brain changes, O’Donoghue et al. (2005)

investigated the effect of CPAP treatment on brain struc-

ture. The authors reported no longitudinal changes in gray

matter density or regional volumes after treatment, but

whole brain volume decreased slightly. In contrast,

Canessa et al. (2011) observed significant improvements

involving memory, attention, and executive functioning

that paralleled with gray-matter volume increases in hip-

pocampal and frontal structures after 3 months of CPAP

treatment. White matter integrity measured by diffusion

tensor imaging (DTI) and cognitive performance was also

found to improve in compliant patients after 12 months of

CPAP treatment (Castronovo et al. 2014).

The promising results and return of some cognitive

functions after compliant CPAP therapy indicate that more

research in this area is warranted. Together with neu-

roimaging evaluation and high compliance to treatment, it

would be possible to establish the proper duration, intensity

and frequency of CPAP treatment in patients with cogni-

tive dysfunctions.

OSA treatment in children using adenotonsillectomy

and positive airway pressure

In the pediatric population, adenotonsillectomy is consid-

ered the most effective treatment (Lee et al. 2014). The

most important clinical study on this treatment method, the

CHAT clinical trial, was published in 2013 (Marcus et al.

2013). The CHAT study evaluated the usefulness of early

adenotonsillectomy in a children aged 5–9 years in terms

of a reduction in symptoms compared with a control group

managed by watchful waiting and supportive care treat-

ment. After evaluating 464 children, the authors concluded

that surgical treatment for the OSA in school-age children

did not significantly improve attention or executive func-

tion, as measured by neuropsychological testing, compared

to watchful waiting management. However, adenotonsil-

lectomy did reduce symptoms and improve secondary

outcomes of behavior, quality of life, and polysomno-

graphic findings. Similarly, Esteller et al. (2014) performed

a study to analyze the outcomes of cognitive and behav-

ioral disorders 1-year post-adenotonsillectomy. They found

that behavioral and cognitive disturbances in children with

OSA (aged 3–13 years) were partially resolved following

adenotonsillectomy. However, improvements in the cog-

nitive and behavioral variables did not significantly differ

from the normal development of an individual, and were

independent of the resolution of respiratory disorders.

Yuan et al. (2012) proposed that neurocognitive func-

tioning in children with OSA may be improved with the

use of positive airway pressure (PAP). Participants in their

study were examined with the Wechsler Intelligence Scale

for Children-IV, the Delis Kaplan Executive Functioning

Scales, the Test of Everyday Attention for Children, and

the Wide Range Assessment of Memory and Learning-2nd

Edition to assess the neurocognitive function. Participants

prior to therapy reflected neurocognitive deficiencies in all

Cognitive deficits in adults with obstructive sleep apnea compared to children and adolescents S197
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areas. Of the original 21 children, four completed the full

PAP treatment and were re-evaluated, demonstrating

improvements in memory and motor speed. While this

study shows promising results, the sample size is too small

to make any assumptions. Therefore, more research in the

field of PAP treatment in children with neurocognitive

dysfunctions due to OSA is required.

Conclusions

Cognitive deficits related to breathing disorders have been

observed in adults, children and adolescents, and show a

wide range of neuropsychological presentations. In chil-

dren, the symptoms may present as problems with working

memory, attention, or executive functions cognitive

domains, but also as changes in behavior and phonological

processing necessary for proper development. However, if

treated properly and early, these changes may be reversible

(Idiazabal-Alecha and Fernandez-Prats 2014). Altered

cognition accompanying breathing disorders has also been

observed in adults (Varga et al. 2014) and elderly patients

(Martin et al. 2014), and executive functions, attention and

memory are the most affected cognitive domains in OSA

(Bucks et al. 2013). These symptoms may be additionally

complicated by depression and anxiety, which are more

increasingly present in the adult population (Rezaeitalab

et al. 2014). Despite much research, the prevalence and

pathogenesis of breathing disorders in the different age

groups remains unclear. Also, there is a need to set stan-

dardized protocols for the treatment of impaired cognitive

functions associated with OSA. As highlighted in this

review, the last decades of research in this field have

resulted in inconsistent data, in part because of small

sample sizes, different study designs, as well as varying

test batteries, exclusion and inclusion criteria, and treat-

ment durations. The literature devoted to cognition in OSA

in children and adolescents is very limited and more studies

should be performed on specific pediatric age groups.

Finally, while PAP and adenotonsillectomy are currently

the most effective treatments for OSA, further study is

required to establish the most optimal treatment approach

for each age group to prevent cognitive dysfunctions.

Compliance with ethical standards

Conflict of interest None to declare.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

Alchanatis M, Deligiorgis N, Zias N, Amfilochiou A, Gotsis E,

Karakatsani A, Papadimitriouz A (2004) Frontal brain lobe

impairment in obstructive sleep apnoea: a proton MR spec-

troscopy study. Eur Respir J 24:980–986

Aloia MS, Ilniczky N, Di Dio P, Perlis ML, Greenblatt DW, Giles DE

(2003) Neuropsychological changes and treatment compliance in

older adults with sleep apnea. J Psychosom Res 54:71–76

Aloia MS, Arnedt JT, Davis JD, Riggs RL, Byrd D (2004) Neuropsy-

chological sequelae of obstructive sleep apnea-hypopnea syndrome:

a critical review. J Int Neuropsychol Soc 105:772–785

Antic NA, Catcheside P, Buchan C, Hensley M, Naughton MT,

Rowland S, Williamson B, Windler S, McEvoy RD (2011) Sleep

34:111–119

Antonelli Incalzi R, Marra C, Salvigni BL, Petrone A, Gemma A,

Selvaggio D, Mormile F (2004) Does cognitive dysfunction

conform to a distinctive pattern in obstructive sleep apnea

syndrome? J Sleep Res 13:79–86

Archbold KH, Giordani B, Ruzicka DL, Chervin RD (2004)

Cognitive executive dysfunction in children with mild sleep-

disordered breathing. Biol Res Nurs 5:168–176

Atanasov AT, Dimov PD (2003) Nasal and sleep cycle—possible

synchronization during night sleep. Med Hypotheses 61:275–277

Ayalon L, Ancoli-Israel S, Drummond SP (2009) Altered brain

activation during response inhibition in obstructive sleep apnea.

J Sleep Res 18:204–208

Barnes ME, Gozal D, Molfese DL (2012) Attention in children with

obstructive sleep apnoea: an event-related potentials study. Sleep

Med 13:368–377

Bartlett DJ, Rae C, Thompson CH, Byth K, Joffe DA, Enright T,

Grunstein RR (2004) Hippocampal area metabolites relate to

severity and cognitive function in obstructive sleep apnea. Sleep

Med 5:593–596

Beebe DW, Gozal D (2002) Obstructive sleep apnea and the

prefrontal cortex: towards a comprehensive model linking

nocturnal upper airway obstruction to daytime cognitive and

behavioral deficits. J Sleep Res 11:1–16

Beebe DW, Groesz BA, Wells C, Nichols A, McGee K (2003) The

neuropsychological effects of obstructive sleep apnea: a meta-

analysis of norm-referenced and case-controlled data. Sleep

26:298–307

Beebe DW, Wells CT, Jeffries J, Chini B, Kalra M, Amin R (2004)

Neuropsychological effects of pediatric obstructive sleep apnea.

J Int Neuropsychol Soc JINS 10:962–975

Biggs SN, Bourke R, Anderson V, Jackman AR, Killedar A, Nixon

GM, Davey MJ, Walker AM, Trinder J, Horne RS (2011)

Working memory in children with sleep-disordered breathing:

objective versus subjective measures. Sleep Med 12:887–891

Biggs SN, Vlahandonis A, Anderson V, Bourke R, Nixon GM, Davey

MJ, Horne RS (2014) Long-term changes in neurocognition and

behavior following treatment of sleep disordered breathing in

school-aged children. Sleep 37:77–84

Borges JG, Ginani GE, Hachul H, Cintra FD, Tufik S, Pompéia S
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