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Abstract 
Objectives: The aim of this study was to use neuropsycholo-
gical assessment to investigate the relationship between obe-
sity and cognitive performance in patients with OSA.
Background: Obstructive sleep apnea (OSA) in children is a 
frequently occurring sleep- related breathing disorder, which 
can contribute to the deterioration of cognitive performance. 
Obesity is considered a risk factor for the development of this 
disease, and the incidence of OSA has been shown to be 
higher in obese patients than in those of normal weight. 
Methods: The study included 41 probands who were divided 
into 2 groups: patients with OSA and an increased body mass 
index corresponding to obesity (23 probands) and a control 
group without chronic diseases (18 probands). All probands 
were administered a neuropsychological examination consis-
ting of 5 tests to cover basic cognitive functions such as me-
mory, attention and executive functions. We compared these 
results with a healthy control group.
Results: We found that the clinical group scored significantly 
lower than the control group in some memory tests. In the 
attention tests, except for two subtests, the probands of the 
clinical group scored equally poorly and achieved the same 
results in the measurement of executive functions. 
Conclusion: Our results present a significant association 
between impaired cognitive performance and the presence of 
OSA in obese patients. Results of our work also point to the 
usefulness of testing cognitive functions in the pediatric pa-
tient population (Tab. 4, Ref. 30). Text in PDF www.lekarsky.
herba.sk.
KEY WORDS: cognitive functions, memory, attention, execu-
tive functions, obstructive sleep apnea.
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Abstrakt 
Cieľom tejto štúdie bolo využiť neuropsychologické vyšetrenie 
na skúmanie vzťahov medzi obezitou a kognitívnou výkonnos-
ťou u pacientov s OSA.
Obštrukčné spánkové apnoe (OSA) u detí je často sa vyskytu-
júca porucha dýchania súvisiaca so spánkom, ktorá môže pri-
spieť k zhoršeniu kognitívnej výkonnosti. Obezita sa považuje 
za rizikový faktor rozvoja tohto ochorenia a u obéznych pa-
cientov sa ukázalo, že výskyt OSA je vyšší ako u pacientov 
s normálnou hmotnosťou. 
Do štúdie bolo zaradených 41 probandov, ktorí boli rozdelení 
do 2 skupín: pacienti s OSA a zvýšeným indexom telesnej 
hmotnosti zodpovedajúcim obezite (23 probandov) a kontrol-
ná skupina bez chronických ochorení (18 probandov). Všetkým 
probandom bolo aplikované neuropsychologické vyšetrenie 
pozostávajúce z batérie 5 testov na pokrytie základných kogni-
tívnych funkcií, ako sú pamäť, pozornosť a exekutívne funkcie. 
Tieto výsledky sme porovnali so zdravou kontrolnou skupinou.
Výsledky poukazujú na zistenia, že klinická skupina dosiahla 
v niektorých pamäťových testoch výrazne nižšie skóre ako 
kontrolná skupina. V testoch pozornosti, okrem dvoch subtes-
tov, probandi klinickej skupiny skórovali rovnako zle a rovnaké 
výsledky dosiahli aj pri meraní exekutívnych funkcií. 
Naše výsledky prezentujú významnú súvislosť medzi zhorše-
nou kognitívnou výkonnosťou a prítomnosťou OSA u obéz-
nych pacientov. Výsledky našej práce poukazujú aj na užitoč-
nosť testovania kognitívnych funkcií v populácii detských 
pacientov (tab. 4, lit. 30). Text v PDF www.lekarsky.herba.sk.
KĽÚČOVÉ SLOVÁ: kognitívne funkcie, pamäť, pozornosť, exe-
kutívne funkcie, obštrukčné spánkové apnoe.
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Introduction
Sleep disorders in the pediatric population are as-

sociated with many problems, including somatic illnes-
ses (1, 2), impaired academic performance (3, 4, 5, 6), 
impaired cognitive function (7, 8), and psychiatric prob-
lems (9, 10, 11). The relationship between sleep prob-
lems and emotional, behavioral, and somatic symptoms 
is often complicated and reciprocal (7). Awareness of 
these psychosocial and somatic connections is useful 

for understanding the importance of early diagnosis and 
the need for further intervention (12). 

Studies have found that disrupted sleep can cause 
impairments in memory, decision-making and general 
learning ability. it is influenced by performance in tasks 
requiring long-term attention, in some components of 
memory, visuospatial abilities and in the field of execu-
tive functions (5, 8).
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Obstructive sleep apnea (OSA) is characterized by 
episodes of partial or complete obstruction of the upper 
airways, while this phenomenon can be associated with 
hypoxia, hypercapnia and changes in sleep architecture 
(13, 14). The prevalence of OSA in the pediatric popu-
lation is reported at 1-5.7%. OSA is a frequently occur-
ring disease in preschool age precisely because of the 
growth of adenoid tissue, but it is not an exception 
even in older children (15).

The connection between OSA and cognitive or be-
havioral dysfunction can be explained by changes in 
sleep, hypercapnia and intermittent hypoxia, which can 
trigger stress at the cellular and biochemical level, lea-
ding to homeostatic imbalance and changes in the via-
bility of neurons and glia in certain areas of the brain, 
especially in the prefrontal cortex. which is also confir-
med by animal studies (16, 17). Another explanation for 
the impact of OSA on cognition and behavior is that 
OSA significantly disrupts sleep quality. Meta-analytic 
studies point to findings that shorter sleep time is asso-
ciated with children‘s behavioral problems as well as 
poor academic performance. The literature dealing with 
the pathophysiology of OSA also points to the fact that 
these children showed more agitation, aggression and 
hyperactivity, lower scores on academic tests, as well as 
impaired attention, intelligence, memory, learning and 
behavior (18, 19).

In the literature, we can find several studies that 
also tested the global cognitive performance of patients 
suffering from OSA using the Differential Ability Scale 
(DAS), the Wechsler Intelligence Scale for Children-III 
(WISC -III), and the Stanford-Binet Scale (SBS). In the 
analysis of the results, Hunter and colleagues (20) point 
to a significant deterioration of the overall cognitive per-
formance of children with OSA compared to a healthy 
control group, but still within the normal range, speci-
fically in a more severe form of OSA [mean±SD, 
92.40±12.4 ] and milder OSA [mean±SD, 98.02±15.30]) 
. However, Halbower et al. (21) showed that some chil-
dren with OSA had IQ below normal.

The authors of a study focused on the reversibility 
of cognitive performance after adenotonsillectomy in 
patients with OSA found that neurocognitive capacity 
is impaired in all children suffering from OSA. However, 
most functions improve to the level of the control 
group, suggesting that impaired neurocognitive functions 
are mostly reversible, at least 3 to 10 months after ade-
notonsillectomy (22).

Some studies point to the presence of IQ impair-
ment, while others suggest smaller differences in perfor-
mance. Thus, we can assume that although OSA redu-
ces overall cognitive performance, in most cases it 
remains within the normal range or at the lower limit 
of the norm (9, 18, 19).

Several studies by foreign authors dealt with the 
evaluation of memory performance using different 
methods focusing on short-term or working memory 
and long-term declarative memory. No deterioration in 
verbal short-term memory was demonstrated (22), while 

the study by Halbover et al. (21) reported impaired ver-
bal working memory in children with OSA, but no de-
ficit in visuospatial working memory or verbal learning 
ability (California Verbal Learning Test for Children). 
According to other researches, there was deterioration 
in visual and verbal declarative memory (9).

The OSA group also performed significantly lower 
on tests of executive function, including verbal working 
memory and verbal fluency. However, functions repor-
ted to be impaired in adult sleep apnea (ie, problem 
solving and planning, inhibitory control, sustained atten-
tion, and vigilance) were not impaired in children with 
severe obstructive sleep apnea (9).

The relationship between high BMI and cognitive 
performance is less clear in children and adolescents 
than in adults (23). In adults, lower weight is associated 
with better cognitive performance (24, 25). However, 
with a high risk of comorbid complications in obesity 
such as OSA, the risk of impaired cognition in children 
also increases (26, 27). Several studies suggest that 
obesity is a significant factor contributing to the deteri-
oration of cognitive performance in patients with OSA 
(26, 27).

In studies looking at OSA and the comorbidity of 
obesity, the authors found that BMI correlated with re-
duced overall IQ. Specifically, research in children and 
adolescents with overweight/obesity and a comorbid 
sleep disorder has demonstrated impaired neurocogni-
tive performance. Thus, overweight/obese children may 
be at increased risk for neurocognitive deficits when 
they develop symptoms of dg. OSA and other sleep 
disorders (16, 27, 28, 29).

Childhood is an important period for brain develop-
ment and maturation, and the hippocampus is a key 
subcortical structure involved in memory consolidation 
during wakefulness and sleep. Several studies conclu-
ded that OSA in children was associated with different 
brain structure assessed by magnetic resonance ima-
ging (MRI) (28, 29) . For example, results from children 
with OSA showed less gray matter volume in areas re-
lated to cognitive control (i.e., frontal and prefrontal 
cortices, parietal cortices, temporal lobes, and bra-
instem) than their peers without any sleep disorder (28, 
29). As for children with obesity, they have been shown 
to be more prone to OSA than children of normal wei-
ght and often have impaired development of gray and 
white matter (17, 27, 28, 29).

However, several studies point to findings that 
symptoms of sleep-disordered breathing can impair aca-
demic performance in children beyond a diagnosis of 
obesity alone. Studies of OSA and sleep disturbances, 
elevated BMI, and cognitive performance have found 
multidirectional relationships, with any of these factors 
serving as a precursor, mediator, or outcome (16, 17, 
27, 28).

Materials and methods
The aim of our work was to evaluate and compare 

the performance in tests of cognitive functions in the 
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clinical and control group. The clinical group consisted 
of pediatric patients who were diagnosed with OSA 
based on a standard all-night polysomnographic exami-
nation performed in the Children‘s Sleep Laboratory of 
the University Hospital in Martin. The examination was 
performed for patients with a history of suspected ap-
noeic pauses, difficulty breathing and snoring. At the 
same time, the comorbidity of obesity is present in 
these patients, which was detected by determining their 
body mass index (BMI) in relation to age and gender. 
The control group consisted of healthy individuals in 
whom the presence of acute as well as chronic diseases 
(cardiovascular, endocrinological, neurological, respira-
tory, metabolic, immunodeficiency, presence of genetic 
syndrome or sleep disorders, or psychiatric comorbidi-
ties) was ruled out and had a BMI within the norm. 
Data collection took place at the Paediatric department 
of Jessenius Faculty of Medicine and University Hospital 
in Martin in the years 2019 – 2023. All patients had 
informed consent signed by their legal representative. 
The study was approved by the Ethical Committee of 
Jessenius Faculty of Medicine.

The study included 41 probands (20 girls and 21 
boys) who were divided into 2 groups: patients suffe-
ring from OSA and with an increased BMI index cor-
responding to obesity (23 probands) and a healthy con-
trol group (18 probands) with a normal BMI. The 
clinical group consisted of 23 patients (53%), of which 
11 were female and 12 were male, with an average age 
of 11.8 years. The control group consisted of 18 parti-
cipants (43%), of which 9 were female and 9 were 
male.

All probands were administered a neuropsychologi-
cal examination by a psychologist consisting of a batte-
ry of five tests compiled for the purposes of covering 
the spectrum of basic cognitive functions such as me-
mory, attention and executive functions. The methods 
used were Slovak versions of Rey-Osterrieth Complex 
Figure (Parts: Copy and Reproduction, abbr. ROCF 
C and ROCF R), Trail Making Test (part A and B, abbr. 
TMT A and B), Verbal Learning Memory Test (total 
score and delayed reproduction, abbr. AVLT TS and 
AVLT DR), Digit Span Test (total score, abbr. DST TS) 
and Numerical square (sten values M, M1/M2 and ave-
rage time of M,M1,M2 in seconds, abbr. NS M sten, 
M1/M2 sten, M, M1/M2 time/s). The measured results 
of the neuropsychological examination were evaluated 
according timeto the manual of the individual tests and 
available standards. The individual results were then 
compared between the clinical groups and the results 
of the control group of probands. These data were sta-
tistically processed and evaluated.

Results
Based on the results of the statistical analysis, we 

can state that in the tests ROCF Reproduction (t=–3.46; 
p<0.01), AVLT TS (t=–4.24; p<0.001) and PTU ODR 
(t=–7.29; p<0.001) that mapped the performance in the 
area of memory, the probands of the control group 

achieved a significantly higher average score and there-
fore a better result than the probands of the clinical 
group. In the Digit span test, statistically significant dif-
ferences between the memory performance of the mo-
nitored groups were not confirmed (t=–0.44; p>0.05) 
(Tab. 1).

Table 1. Performance in memory tests. t-test: clinical group with 
OSA and control group. 

Mean ± SD 
OSA (n=23)

Mean±SD
Control group (n=18)

p

ROCF R TS 16.826±6.102 23.444±6.041 0.0013

AVLT TS 40.608±4.988 47.388±5.203 0.0001

AVLT DR 6.652±1.584 10.388±1.685 0.0000

DST TS 12.304±3.308 12.777±3.540 0.6616

SD – standard deviation, n – number, p – level of statistical significan-
ce, ROCF R HS – Rey-Osterrieth of the complex figure, part 
Reproduction, total score, AVLT TS – Verbal Learning Memory Test, 
total score, AVLT DR – Verbal Memory learning test, delayed repro-
duction, DST TS – Digit span test, total score

In the case of examining attention, the results 
showed statistically significant performance differences 
in all monitored tests except the TMT B and time/s in 
part M1 of Numerical square, in which the results of 
the probands of both groups did not differ significantly 
(p>0.05). The statistically largest differences (statistically 
highly significant differences) were observed in the tests 
of NS M sten (U=57.50; p<0.001) and NS M1/M2 sten 
(t=–3.66; p<0.001). Highly significant differences were 
confirmed in the TKF R (t=–3.46; p<0.01) and TKF K 
(t=–2.99; p<0.01) tests. In the case of the other tests, 
there were differences at the 5% level – TMT part A 
(U=130.50; p<0.05), CS M time/s (U=127.00; p<0.05) 
and CS M2 time/s (U=111.00; p<0.05). In all the men-
tioned tests, the probands of the control group achie-
ved significantly better results (Tabs 2, 3).

Table 2. Performance in attention tests: t-test: clinical group with 
OSA and control group. 

Mean±SD
OSA (n=23)

Mean±SD
Control group (n=18)

p

ROCF R HS 16.826±6102 23444±6041 00013

NS M1/M2 sten 4739±2416 7055±1304 00007

SD – standard deviation, n – number, p – level of statistical significan-
ce, ROCF R TS – Complex figure test, part Reproduction, total score, 
NS M1/M2 sten – value of sten in the Numerical square

The results showed that in the TMT test part A, pro-
bands of the control group achieved a significantly bet-
ter result (significantly better time) compared to the 
clinical group (U=130.5; p<0.05). In the second part of 
the test – TMT part B, statistically significant differences 
between the performance of the monitored groups in 
the area of executive functions were not confirmed 
(U=135.00; p>0.05) (Tab. 4).
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Table 3. Performance in attention tests: Mann-Whitney U test: cli-
nical group with OSA and control group. 

Rank 
Sum OSA 
(n=23)

Rank Sum
Control 
(n=18)

U Z p

ROCF TS 369.000 492.000 93.000 –2.991 0.0027

TMT A time/s 559.500 301.500 130.500 2.002 0.0452

TMT B time/s 555.000 306.000 135.000 1.880 0.0599

NS M sten 333.500 527.500 57.500 –3.992 0.0000

NS M time/s 563.000 298.000 127.000 2.093 0.0362

NS M1 time/s 539.500 321.500 150.500 1.472 0.1408

NS M2 time/s 579.000 282.000 111.000 2.512 0.0119

U, Z – test statistic, p – level of statistical significance, n – number, 
ROCF K TS – Rey-Osterrieth Complex Figure, part Copy, total score, 
TMT A – Trail Making test, part A, time in seconds , TMT B – Trail 
Making test, part B, time in seconds, NS M sten – sten value of 
Numerical square part M, NS M, M1, M2 time/seconds – average 
time of M,M1,M2 parts in seconds

Table 4. Performance in tests of Executive functions: Mann–
Whitney U test: clinical group with OSA and control group. 

Rank Sum 
OSA 
(n=23)

Rank Sum
Control 
(n=18)

U Z p

TMT A time/s 559.500 301.500 130.500 2.002 0.0452

TMT B time/s 555.000 306.000 135.000 1.880 0.0599

U, Z – test statistic, p – level of statistical significance, n – number, 
TMT A time/s – Trail making test, part A, time in seconds, TMT B 
time/s – Trail making test, part B, time in seconds

Discussion
Obstructive sleep apnea in children is a multifacto-

rial disease caused by anatomical and functional patho-
physiological and, last but not least, genetic mecha-
nisms. Secondary consequences of OSA negatively 
affect the cardiovascular and metabolic systems, as well 
as neurocognitive functions, which are responsible for 
cognitive and behavioral difficulties.

Behavioral and neurocognitive changes are frequ-
ent, especially in school-aged children with OSA. The 
mechanism by which OSA leads to cognitive impair-
ment is probably multifactorial and based primarily on 
dysfunction of the prefrontal cortex, which is related to 
chronic nocturnal hypoxia, sleep fragmentation, and 
sleep deprivation. It is described that the occurrence of 
these disorders in school-age children with OSA is up 
to 3 times higher compared to the healthy population 
of children. These symptoms in pediatric patients with 
OSA are similar to those in children with chronic sleep 
deprivation (12).

Obese pediatric patients belong to a high-risk group 
for the possible development of serious sleep-disorde-
red breathing. Obesity, the percentage of which is con-
stantly increasing worldwide, but also in Slovakia in the 
child population, not only causes but also worsens sle-
ep-disordered breathing. their consequence is poor qu-
ality, interrupted sleep, ventilation disorders during 
sleep, changes in respiratory gases, which subsequently 
lead to disorders of cell regeneration, metabolism or 

cardiovascular diseases, and these again lead to obesity. 
Currently, obesity is also considered one of the causal 
factors in the development of OSA in the pediatric po-
pulation.

There are assumptions that high BMI contributes to 
impairment of cognitive functions, but these findings 
are less consistent in the population of children and 
adolescents (23, 24, 25). However, in connection with 
the occurrence of OSA, we find findings that the risk 
of impaired cognition is more significant (26, 27). The 
treatment of childhood obesity is very important both 
as a prevention of the occurrence of comorbid prob-
lems, but also to improve the clinical condition of pa-
tients with OSA and, last but not least, to preserve op-
timal cognitive development in childhood (30).

Neuropsychological examination is a very necessary 
and useful part of the differential diagnosis of psychiatric 
and neurological diseases, but it also has a wider use in 
pediatric clinical practice. Such an examination provides 
both general and specific information about the current 
state of the patient‘s cognitive functions as well as the 
extent of any cognitive deficit. The aim of the neuropsy-
chological examination is mainly a detailed description of 
the current behavioral and functional state of the child, 
specification of dysfunctions and their depth, determina-
tion of strengths as a starting point for rehabilitation.

In our research groups, we examined memory per-
formance using Rey-Osterreith complex figure tests, the 
results of which tell us about the performance of non-
-verbal memory and visuospatial memory. We hypothe-
sized that there is a statistically significant negative ef-
fect of OSA and the presence of obesity according to 
BMI on memory performance and thus the results will 
be worse in this test than in the control group. In the 
TKF test part of reproduction (t=–3.46; p<0.01), pro-
bands of the control group achieved a significantly 
higher average score, i.e. significantly better result in 
non-verbal and visual-spatial memory compared to pro-
bands diagnosed with OSA and obesity. Subsequently, 
we tested memory performance with the Verbal 
Memory Learning Test, which focuses on performance 
in the area of short-term and long-term verbal memory, 
and in this test, our assumptions, on the basis of which 
we once again expected worse performance in our re-
search sample, were confirmed. In the individual parts 
of the verbal learning memory test – AVLT TS (t=–4.24; 
p<0.001) and AVLT DR (t=–7.29; p<0.001), the pro-
bands of the control group achieved a significantly 
higher average score (i.e. a significantly better result in 
the area of short-term and long-term verbal memory). 
In the last test, the Digit span test, which focuses pri-
marily on short-term verbal memory and working me-
mory, statistically significant differences between the 
performance of these two groups were not confirmed 
(t=– 0.44; p>0.05). Although our findings are different 
and the differences were not confirmed in all memory 
tests used, our findings largely agree with foreign 
authors and point to the possibility of a memory deficit 
in patients with this type of disease.
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As the second cognitive domain, we tested atten-
tion by comparing the results in the Rey-Osterreith 
complex figure tests, the Trail making test and its two 
parts, and the numerical square. The results of the pro-
bands showed statistically significant performance diffe-
rences in all monitored tests, except for the TMT part 
B and NS M1 tests, in which the results of the probands 
of both groups did not differ significantly (p>0.05). 
Statistically, the biggest differences were found in the 
tests Numerical square M sten (U=57.50; p<0.001) and 
Numerical square M1/M2 (t=–3.66; p<0.001). Highly 
significant differences were confirmed in the ROCF R 
(t=–3.46; p<0.01) and ROCF C (t=–2.99; p<0.01) tests. 
In the case of the other tests, there were differences at 
the 5% level – TMT part A (U=130.50; p<0.05), NS M 
time/s (U=127.00; p<0.05) and CS M2 time/s (U=111.00; 
p<0.05). In all the mentioned tests, the probands of the 
control group achieved significantly better results, which 
indicates the possibility of the presence of weakened 
performance in the area of attention.

In this sample of patients, we also focused on per-
formance in the area of executive functions, where in-
formation about their performance was provided by the 
Trail making test and its two versions, but also partially 
by the Verbal Memory Learning Test, which also tests 
the ability of working memory. Probands achieved 
a significantly better time in the Trail making test only 
in part A, in part B statistically significant differences 
between the performance of the monitored groups in 
the area of executive functions were not confirmed 
(U=135.00; p>0.05). Part B, which tests planning ability 
and cognitive flexibility, is mainly focused on performan-
ce in the area of executive functions. In the verbal lear-
ning memory test, we can observe significantly better 
results in the control group, and these results do not 
only provide us with information about memory perfor-
mance, but partially also about performance in the area 
of executive functions. 

Conclusion
In our study, we analyzed performance in cognitive 

domains – memory, attention and executive functions 
in pediatric patients with OSA and obesity. At the same 
time, we also tested these cognitive domains in a he-
althy control group and then compared the results. Our 
results point to the significant risk of neurocognitive 
deficits in OSA in childhood. In addition to the proper 
management and treatment of these patients in the 
children‘s sleep laboratory, an examination of cognitive 
functions is also a suitable supplement to comprehensi-
ve care. The examination is not economically deman-
ding and can provide a lot of valuable data at the be-
ginning of treatment, in complex patient care or in 
rehabilitation.*
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