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Abstract: Objective — This pilot study aimed to examine how cognitive performance of obese and nonobese adolescent boys with
obstructive sleep apnea-hypopnea syndrome (OSAHS) is associated with anthropometric parameters and OSAHS-related indicators.
Material and Methods — The study included 35 obese and 20 normal-weight (NW) middle-adolescent boys with OSAHS, as well as 20
matched controls. The Wechsler Intelligence Scale for Children, Fourth Edition (WISC-IV), was used to assess participants’ cognitive
functions. Multiple linear regression analysis was employed to test the hypothesis that certain factors influence cognitive performance in
patients with OSAHS.

Results — Scores for the Full-Scale Intelligence Quotient (FSIQ), Visual Spatial Index (VSI), Fluid Reasoning Index (FRI), Working Memory
Index (WMI), and Processing Speed Index (PSI) were significantly lower in obese boys with OSAHS. In NW participants with OSAHS, FSIQ
and PSI scores were significantly lower than in the control group, but similar in their obese peers on all WISC measures. Regression analysis
revealed that neck and waist / hip circumference in nonobese boys, as well as the apnea-hypopnea index, oxygen desaturation index, and
sleep fragmentation index in obese boys, are independent negative predictors of cognitive impairment in OSAHS.

Conclusion — This pilot study demonstrated that cognitive performance in boys with OSAHS declines, with a predominant deterioration of
nonverbal abilities. This trend is most pronounced in obesity, which exacerbates both hypoxia and sleep fragmentation. These results are
novel and potentially interesting for further discussions about the impact of OSAHS on cognitive development during middle adolescence,
but future research should explore the limitations of the current study.
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Introduction is considerable evidence that children and adolescents with OSAHS
experience delays in psychomotor development, lower academic
performance, and higher rates of general cognitive decline
compared to healthy peers [8]. Also, it was noted that male gender
is a risk factor for both OSAHS and cognitive decline [9, 10], while
childhood obesity exacerbates cognitive impairment in children
with OSAHS [11-13]. It is known that the main pathogenetic
mechanisms of OSAHS are remittent nocturnal hypoxemia and
disruption of sleep homeostasis, which correlate with cognitive
impairment [14-16]. These triggers (through a cascade of
pathophysiological reactions such as endothelial dysfunction,
oxidative stress, neuroinflammation, and cerebral hypoperfusion,
which also occur in obesity) can initiate disturbances in cellular
and biochemical homeostasis, leading to metabolic and
morphofunctional changes in the brain [17, 18]. Despite the
awareness that these two pathologies separately impair cognitive
function, little is known about their combined effect. There is no
consensus regarding the risk of cognitive decline in adolescents
with OSAHS and obesity [8, 19]. Given the rather conflicting and
insufficient data, we hypothesized that the combination of OSAHS
and obesity in late adolescence likely increases the risk of cognitive
impairment beyond the risk associated with OSAHS alone.

Obstructive sleep apnea-hypopnea syndrome (OSAHS) is a
chronic respiratory disorder commonly found in children and
adolescents. OSAHS is characterized by snoring, recurrent
complete (apnea) or partial (hypopnea) pharyngeal collapse during
sleep, oxygen desaturation, increased sympathetic activity, and
sleep fragmentation [1]. OSAHS affects at least 2% of the
adolescent population. Obesity is a significant risk factor for
OSAHS, increasing its prevalence to 25-60% [2]. It is also well
known that obesity increases the severity of OSAHS, impairs
adolescent chronobiological rhythms, and impairs overall quality
of life [3-5]. OSAHS is the most studied and well-documented sleep
disorder due to its association with the risk of cognitive
impairment [6]. Historically, the neurocognitive effects of OSAHS
in children were first described in 1889 by W. Hill in his article, On
Some Causes of Backwardness and Stupidity in Children, as part of
a symptom complex of a then unknown disorder: “A stubborn,
retarded, lazy child, suffering from frequent headaches at school,
breathing through the mouth instead of the nose, snoring, restless
at night, and waking up with dry mouth in the morning, deserves
the special attention of the school physician” [7]. Currently, there
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Therefore, the objective of this pilot study was to examine
cognitive performance and its relationships with anthropometric
parameters and OSAHS-related indicators in obese and nonobese
adolescent boys with OSAHS.

Material and Methods
Participants

Between March 2018 and May 2020, adolescent boys aged 14-
16 years who were diagnosed at the Sleep Center of the Scientific
Centre for Family Health and Human Reproduction Problems
(Irkutsk, Russia) with OSAHS via nocturnal polysomnography (PSG)
were included in our study. Inclusion criteria were as follows:
apnea-hypopnea index (AHI) = 2/h; body mass index (BMI) z-score
from -1 to +1 for normal-weight (NW) participants and > 2 for
obese participants. Adolescent boys were excluded from the study
if they had: 1) other sleep disorders; 2) previous ventilator therapy
or surgery for OSAHS; 3) any psychiatric disorders or central
nervous system diseases; 4) any chronic respiratory diseases
(including asthma); 5) history of cerebrovascular events,
malignancies, or infectious diseases; 6) any acute illnesses or
conditions; 7) psychoactive substance use; 8) refusal to participate
in the study at any stage.

The study included 58 boys diagnosed with OSAHS, of whom 3
(5.2%) refused the Wechsler Intelligence Scale. Therefore, 35
(63.6%) obese boys and 20 (36.4%) NW boys were included in the
study. A control group of 20 healthy, age- and gender-matched
subjects who did not meet the same exclusion criteria and were of
normal weight and who completed all study procedures were
selected. Information on age, gender, height, body weight, and

medical history was obtained during participant recruitment
through interviews, anthropometric measurements, and
anamnestic review.

The study design is presented in Figure 1.

Anthropometry

Weight, height, neck circumference (NC), waist circumference
(WC), and hip circumference (HC) were measured in the morning
in light clothing and without shoes. Weight was measured using
digital platform scales with an accuracy of 0.1 kg. Height was
measured with an accuracy of 0.1 cm using a medical stadiometer,
rigidly mounted to a wall with a sliding bar, in a standing position
and during maximum expiration. NC, WC, and HC were measured
with a non-elastic measuring tape with an accuracy of 0.1 cm.
Based on the measured values, the following indices and ratios
were calculated: BMI, WC/HC ratio (cm). Weight and height were
assessed using reference values recommended by the World
Health Organization (WHO, 2007). Conformity of body weight to
standard numerical values was determined by the standard
deviation (z-score) — the BMI z-score.

Polysomnography

All adolescents underwent nocturnal PSG using the Neuron-
Spectrum-SM system for outpatient electroencephalogram (EEG)
and PSG recording (Neurosoft, Russia) in the Laboratory of
Somnology and Neurophysiology ward, Scientific Center for Family
and Reproductive Health, from 10:00 PM to 6:00 AM. The
recording duration was 7-8 hours.

Fifty-eight PSG-detected OSAHS
boys in middle adolescence

Twenty healthy PSG-normal age-
matched boys — controls

Three boys refused the
Wechsler test offered

Anthropometry

Thirty-five OSAHS
obese boys

Twenty normal
weight OSAHS boys

The Wechsler Intelligence Scale for Children IV edition (Russian version)

Statistical assessment, correlation and regression analyses

Figure 1. Study design.
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| Full-Scale Cognitive Ability Quotient (FSCAQ) |

I

Verbal Comprehension
Index (VCI)

Visual-Spatial Index
(VSI)

Fluid Reasoning Index
(FRI)

Working Memory
Index (WMI)

Processing Speed
Index (PSI)

Information Digit Span

Comprehension Block Design Matrix Reasoning Pictures Sequencing Coding
Vocabulary Visual Puzzles Labyrinths Arithmetic
Similarities

Figure 2. Structure of the Wechsler Intelligence Scale for Children, Fourth Edition (Russian version).

Physiological signals were recorded using specialized
electrodes and small, lightweight sensors attached to the scalp and
face. The following parameters were recorded: EEG in 6 standard
leads with reference electrodes applied to the mastoid processes
(F4/A2, F3/A1, C3/A2, C4/A1, O1/A2, O2/A1); eye movements of
the right and left eyes via electrooculography (EOG);
electromyography (EMG) from the mentalis and tibialis anterior
muscles; electrocardiography (ECG) in one standard lead; airflow
using a thermal sensor; snoring using a microphone; thoracic and
abdominal respiratory efforts using an elastic fixing belt with
piezoelectric crystal sensors (respiratory inductance
plethysmography); and blood oxygen saturation (pulse oximetry)
using a dedicated digital sensor. PSG was terminated upon
complete awakening.

The application of electrodes and sensors, their installation
and physiological calibration, the elimination of possible artifacts,
and the determination and assessment of sleep stages were
performed according to the standard method [20]. PSG recordings
were evaluated in 30-second periods (i.e., epochs) for sleep stages,
respiration, and oxygenation. All recordings were monitored by a
sleep specialist and analyzed by qualified clinicians according to
the criteria of the American Academy of Sleep Medicine [20]. A
panel of PSG parameters was obtained, including AHI, oxygen
desaturation index (ODI), arousal index (Al), total sleep time (TST),
sleep onset latency time (SOL), wake after sleep onset (WASO),
sleep efficiency (SE), duration of stages 1 and 2 of non-rapid eye
movement sleep (N1-2), duration of slow-wave sleep (SWS), sleep
fragmentation index (SFI, the number of transitions from stage to
stage or from stage to wakefulness per 1 hour of sleep); sleep
stage transition index (SSTI), i.e., the number of transitions from
SWS to N1-2 per 1 hour of sleep). The interpretation of PSG results
was performed by a physician with special training, both in
automatic and partially manual modes using Neuron-
Spectrum.NET software.

Wechsler Intelligence Scale

The Wechsler Intelligence Scale for Children, Fourth Edition
(WISC-IV, Russian version edited by Yu. Filimonenko and V.
Timofeev), was used by a clinical psychologist to assess the
general, verbal, and nonverbal cognitive abilities of adolescents
[21, 22]. The WISC-IV was administered in the morning under the
following conditions: no feeling of hunger, breakfast had been
consumed no later than 1 hour before the test; no previous

excessive physical activity; no sedatives; at least 7 hours of sleep
the night before the test; no PSG the night before the test; and the
adolescent’s positive attitude toward the study. Before the test, a
10-minute interview was conducted to establish rapport with the
boys, to identify their behavioral patterns in the psychologist’s
office, the nature of their emotions, facial expressions, speech,
sociability, interests, correct orientation in time and space, social
orientation, etc. All instructions were communicated immediately
before the test. The total duration of the examination was 60-90
minutes.

The WISC-IV (Russian version) consists of 12 subtests; the sum
of their scores, i.e., the Full-Scale Intelligence Quotient (FSIQ),
corresponds to the overall cognitive abilities of the adolescent. We
also presented data on five index subscales assessing verbal and
nonverbal cognition: 1) Verbal Comprehension Index (VCI); 2)
Visual Spatial Index (VSI); 3) Fluid Reasoning Index (FRI); 4)
Working Memory Index (WMI); and 5) Processing Speed Index
(PSI). The subscales for these five indices are shown in Figure 2. To
interpret the WISC results for the FSIQ, we employed the following
gradation: 130 pts and above — very high cognitive abilities; 120-
129 pts — high cognitive abilities; 110-119 pts — good norm; 90-109
pts represent average cognitive abilities (90-99 pts represent low
average, 100-109 pts represent high average); 80-89 points
represent poor norm.

Statistical procedures

Sample size was not calculated in advance. Continuous
variables are presented as medians and the 25th and 75th
percentiles (Me [25-75%]). Their values were compared using the
Kruskal-Wallis H-test (for simultaneous comparisons) and the
Mann-Whitney U test (for pairwise comparisons), as the
distribution was not normal (based on Shapiro-Wilk test).
Categorical variables are presented as proportions. Their values
were compared using the chi-squared test or Fisher’s exact test. To
investigate the relationship of cognitive abilities with
anthropometric parameters and PSG variables, Spearman’s rank
correlation analysis was performed. Potential confounding factors
were identified during the pilot study using the partial correlation
method. Multiple linear regression analysis was performed to test
the hypothesis about the influence of certain factors on each
verbal and nonverbal cognitive function, as well as on overall
cognitive abilities of patients with OSAHS. FSIQ, VCI, VSI, FRI, WMI,
and PSI were employed as dependent variables in the regression
models; anthropometric parameters and polysomnography
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parameters were used as independent variables. Collinear factors
were excluded from the regression model based on the multiple
determination coefficient R2. Model coefficients were determined
using the least squares method. Model quality was tested using
the Durbin-Watson test (from 1.5 to 2.5). P<0.05 was considered
statistically significant. For pairwise comparisons of the three
groups, the Bonferroni correction was employed (significance level
a=0.017) if the H-test for simultaneous comparison was significant
(p=0.05). All statistical analyses were performed using Statistica
v.10.0 Enterprise (StatSoft, USA).

Results

Patient characteristics by group are presented in Table 1. Age
distribution was similar for boys in the three groups. Statistically
significant differences in weight and circumference were expected
between obese and NW adolescents. However, no significant
differences in any anthropometric parameters were detected
among NW boys with and without OSAHS. PSG data showed that
the AHI, ODI, Al, N1-2, SFI, and SSTI scores were significantly
higher, while values of SE and durations of SOL, SWS, and rapid
eye movement (REM) phase were significantly shorter in boys with
OSAHS vs. the control group. All these parameters were similar
between the two OSAHS groups, but a trend toward greater

Table 1. Patient characteristics in adolescent boys with OSAHS

OSAHS severity was observed in obese boys vs. nonobese boys
(AHI  p=0.041, p-adjusted=0.123 and ODI p=0.029, p-
adjusted=0.087).

Table 2 presents the WISC-IV (Russian version) scores in male
adolescents with OSAHS and different weight status. The FSIQ
(p=0.000), VSI (p=0.009), FRI (p=0.009), WMI (p=0.025), and PSI
(p=0.000) scores were significantly lower in obese boys with
OSAHS. In NW boys with OSAHS, the FSIQ (p=0.003) and PSI
(p=0.016) scores were significantly lower than in the control
group; however, the difference between the two OSAHS groups
was not statistically significant (p=0.038, p-adjusted=0.114). The
VSI, FRI, and WMI scores in obese boys with OSAHS were also
lower than in boys without OSAHS, but no statistically significant
differences were observed between the groups (p1-2=0.217, p-
adjusted=0.651, p1-3=0.030, p-adjusted=0.090; p1-2=0.147, p-
adjusted=0.441, p1-3=0.215, p-adjusted=0.645; and p1-2=0.178, p-
adjusted=0.534, p1-3=0.031, p-adjusted=0.093, respectively). VCI
scores were similar in obese boys with OSAHS and in nonobese
boys (with or without OSAHS).

To examine the relationship between verbal and non-verbal
cognitive measures and other patient characteristics, a Spearman’s
rank correlation analysis was conducted (Table 3).

Parameter NW OSAHS, n=20 (1) Obese OSAHS, n=35 (2) Controls, n=20 (3) p-value (H-test)

Age, years 16 [15.9-16.5] 16 [15.7-16.3] 16 [15.9-16.5] 0.981
p*3=0.661; p*2=0.872; p>3=0.629

BMI z-score 0.5 [-0.59-0.97] 2.7 [2.46-3.37] 0.25[-0.26-0,.2] 0.000
p?3=0.057, p-2=0.000; p>*=0.000

NC, cm 37.65 [36-38.5] 43,5 [40.3-47.2] 36.5 [34.8-36.9] 0.000
p*3=0.196, p*2=0.000; p>-*=0.000

WC, cm 75 [69.5-78] 101 [96.2-110.5] 73 [71.5-75.5] 0.000
p*3=0.587, p*2=0.000; p2-*=0.000

HC, cm 94 [90-95] 106.5 [98-118] 95 [93-96.5] 0.000
p?3=0.054, p+2=0.000; p>*=0.000

WC/HC (cm) 0.79 [0.78-0.82] 0.97 [0.96-0.98] 0.78 [0.77-0.79] 0.000
p*3=0.027, p*2=0.000; p>-*=0.000

AHI, event/h 5.71[3.35; 7.4] 9.27 [4.2; 13.9] 0.87 [0.55; 1.1] 0.000
p?3=0.000; p+2=0.041; p23=0.000

0D, event/h 4.35[1.6; 6.3] 8.7 [5.5;12.2] 0.0[0.0; 0.05] 0.000
p*3=0.000; p*2=0.029; p>3=0.000

Al, event/h 28.7 [20.3-31.4] 28.9 [25.7-32.1] 16.05 [11.6-18.7] 0.000
p?3=0.000, p+2=0.779; p>*=0.000

SOL, min 15.5[12.0; 19.0] 15.0[10.0; 17.0] 20.0 [15.0; 21.5] 0.012
p*3=0.002; p*2=0.233; p>3=0.004

NA, n 3[2; 4] 4(3; 4] 2[1;3] 0.000
p?3=0.002; p+2=0.233; p23=0.000

N1-2, % 70.1 [68.3; 75.5] 72.1[68,8;77.1] 56.2 [55.5; 58.2] 0.000
p3=0.000; p*2=0.094; p>-*=0.000

SWS, % 14.25[13.15; 15.0] 14.0[12.0; 15.0] 23.2 [22.0; 24.5] 0.000
p?3=0.000; p+2=0.253; p23=0.000

REM, % 15.3 [13.8; 17.5] 14 [11.2; 16] 20[18.1; 22.5] 0.000
p3=0.000; p*2=0.120; p>3=0.000

SFl, event/h 6.5 [5.5; 8.0] 7.5[6.5;10.1] 2.8[2.7;4.8] 0.000
p?3=0.002; p+2=0.157; p23=0.000

SSTI, event/h 0.75[0.6; 0.9] 0.81[0.5; 1.3] 0.55 [0.45; 0.7] 0.000

p13=0.011; p*2=0.598; p>3=0.004

Data are presented as Me [25-75%]; OSAHS: obstructive sleep apnea-hypopnea syndrome; NW, normal weight; NC, neck circumference; WC, waist
circumference; HC, hip circumference; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; Al, arousal index; SOL, sleep onset latency; NA: number
of awakenings during sleep; N1-2, stages 1 and 2 of non-rapid eye movement sleep; SWS, slow-wave sleep; REM, rapid eye movement sleep; SFl, sleep
fragmentation index; SSTI, sleep stage transition index; p-value, the level of statistical significance of differences in parameters between groups according to
the Kruskal-Wallis test (H-test) (p<0.05) and the Mann-Whitney test (p<0.017 with Bonferroni correction, excluding “Age”).
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Table 2. Scores on the Wechsler Intelligence Scale for Children, Fourth Edition (Russian version) in adolescent boys with OSAHS and different weights

Parameter NW OSAHS, n=20 (1) Obese OSAHS, n=35 (2) Controls, n=20 (3) p-value (H-test)

FSIQ 104 [91; 115] 99 [92; 112] 115.5 [112; 118] 0.000
p**=0.003; p*?=0.999; p>°=0.000

VCI 14[13,5; 15,5] 15 [14; 16] 16 [15; 16] 0.136
p*3=0.043; p*?=0.268; p>°=0.281

VSl 37 [36; 38] 36 [36; 38] 40 [36,5; 40] 0.009
p*3=0.030; p*?=0.217; p*>3=0.005

FRI 31,5 [27,5; 33,5] 30 [28; 32] 33,5 [30,5; 34,5] 0.009
p+?=0.215; p*?=0.147; p>°=0.002

WMI 16 [15; 17,5] 15 [13; 17] 18 [16; 22] 0.025
p+°=0.031; p*?=0.178; p>°=0.006

PSI 17 [16,5; 19] 16,5 [13; 17] 19 [18; 20] 0.000

p**=0.016; p*?=0.038; p>°*=0.000

Data are presented as Me [25-75%]; OSAHS: obstructive sleep apnea-hypopnea syndrome; NW, normal weight; FSIQ, Full-Scale Intelligence Quotient; VCI,
Verbal Comprehension Index; VSI, Visual Spatial Index; FRI, Fluid Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index; p-value, the
level of statistical significance of differences in parameters between groups according to the Kruskal-Wallis test (H-test) (p<0.05) and the Mann-Whitney test

(p<0.017 with Bonferroni correction, excluding “VCI”).

Table 3. Correlations between patient characteristics and FSIQ, and five
index subscale scores in adolescent boys with OSAHS

FSIQ 9] VS| FRI wmi PSI
NW boys
NC -0.39 -0.61%* -0.47* -0.06 -0.54* -0.38
WC/HC -0.33 -0.36 -0.23 -0.17 -0.53*%  -0.63**
AHI -0.07 -0.09 -0.42 -0.46* -0.00 -0.01
ODI -0.06 -0.11 -0.46* -0.03 -0.03 -0.01
Al -0.07 -0.17 -0.48* -0.12 -0.02 -0.21
SWS 0.14 0.14 0.31 0.19 0.54* 0.07
REM 0.28 0.53* 0.22 0.07 0.07 0.44*
Obese boys
AHI -0.70%** -0.60** -0.43* -0.42* -0.37*  -0.67**
oDl -0.61%* -0.53* -0.51* -0.51* -0.35%  -0.72**
Al -0.04 -0.35%* -0.14 -0.14 -0.14 -0.27
SOL 0.08 0.12 0.11 0.28 0.10 0.45**
NA -0.05 -0.12 -0.34%* -0.06 -0.42* -0.05
REM 0.29 0.29 0.20 0.28 0.22 0.42*
SFI -0.70* -0.55* -0.45%* -0.45* -0.39*%  -0.68**
SSTI -0.64** -0.28 -0.52* -0.43* -0.43*  -0.63**

Data are presented as Spearman rank correlation coefficient (r); FSIQ, Full-
Scale Intelligence Quotient; VCI, Verbal Comprehension Index; VSI, Visual
Spatial Index; FRI, Fluid Reasoning Index; WMI, Working Memory Index;
PSI, Processing Speed Index; OSAHS, obstructive sleep apnea-hypopnea
syndrome; NW, normal weight; NC, neck circumference; WC, waist
circumference; HC, hip circumference; AHI, apnea-hypopnea index; ODI,
oxygen desaturation index; Al, arousal index; SOL: sleep onset latency; NA:
number of awakenings during sleep; SWS, slow-wave sleep; REM, rapid eye
movement sleep; SFI: sleep fragmentation index; SSTI, sleep stage
transition index; *p<0.05; **p<0.001.

As can be seen from Table 3, the FSIQ did not correlate with
most examined parameters in NW adolescent boys with OSAHS.
Compared with NW boys, obese boys with OSAHS exhibited a
statistically significant inverse correlation of overall cognition and
OSAHS severity with the degree of sleep disturbance expressed via
SFIl. Verbal cognitive abilities expressed via VCI in NW adolescent
boys with OSAHS were inversely correlated with NC. PSG variables
in both OSAHS groups also demonstrated some significant
correlations with the VCI. When assessing the relationship
between nonverbal cognitive functions and the characteristics of
boys, we revealed that both NC and WC/HC values in NW
participants exhibited significant inverse correlations with WISC
subscale scores in the VSI, WMI, and PSI domains, while AHI and
ODI scores showed similar correlations with FRI and VSI scores,
respectively. Significant direct correlations with SWS and REM
sleep duration were additionally present for WMI and PSI scores,

respectively. Meanwhile, we detected no significant correlation
between overweight and cognitive abilities in obese participants.
However, in this group, more significant correlations were found
between nonverbal cognition scores and each of the OSAHS
severity indicators (AHI and ODI scores), and the degree of sleep
fragmentation (Al, NA, SFIl, and SSTI scores), as well as with SWS
and REM sleep durations (in the PSI domain only).

We conducted a multiple linear regression analysis to evaluate
the significant correlations between cognitive function scores in
NW and obese adolescent males with OSAHS, including FSIQ, VCI,
VS|, FRI, WMI, and PSI scores (Table 4).

The model included 55 observations. After including NC and
WC/HC values, SOL duration, NA time, AHI, ODI, Al, SFl, and SSTI
scores, SWS and REM time duration in the multivariate linear
regression analysis, NC and WC/HC values for nonobese boys and
AHI, ODI, NA, and SFI scores for obese boys were identified as risk
factors for VCI, WMI, and PSI; and, correspondingly, for lower
FSIQ, VCI, VSI, FRI, WMI, and PSI scores.

Table 4. Multiple linear regression analysis of risk factors for cognitive
impairment in adolescent boys with OSAHS

Variable B-coefficient p-value Durbin-Watson Test
Full-Scale Intelligence Quotient
AHI -2.575 0.002 2.33
ODI -1.032 0.012
Verbal Comprehension Index
NC -1.204 0.003 1.76
SFI -0.409 0.035 1.98
Visual Spatial Index
SFI -1.348 0.001 2.09
Fluid Reasoning Index
SFI -0.286 0.035 1.76
Working Memory Index
NC -0.723 0.017 2.43
NA -0.916 0.014 2.42
AHI -0.150 0.035
Processing Speed Index
WC/HC -29.225 0.000 2.14
SFI -0.696 0.000 1.94
OSAHS, obstructive sleep apnea-hypopnea syndrome; AHI, apnea-

hypopnea index; ODI, oxygen desaturation index; NC, neck circumference;
SFI: sleep fragmentation index; NA: number of awakenings during sleep;
WC, waist circumference; HC, hip circumference; p-value, the level of
statistical significance of differences (p<0.05).
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Discussion

OSAHS constitutes a serious societal problem, but it remains
underrecognized and underdiagnosed in childhood and
adolescence. Importantly, OSAHS has a negative impact on
children’s cognitive abilities, which in turn affects their academic
performance, quality of life, and health, most likely due to
intermittent hypoxia and sleep fragmentation [14]. At the same
time, scientists suggest that attention deficit is more closely
associated with changes in sleep structure, and global cognitive
impairment correlates with nocturnal desaturation and cerebral
hypoxia [16, 23, 24]. Moreover, for children, the decisive role in
this process is played not so much by the level of periodic
desaturation, but by its frequency during the night (desaturation
index) [25]. Several studies show that cognitive domains are
affected equally in both adults and children, for example,
executive functions and attention. Specific impairments in
functions such as phonological processing have also been reported
in children [26, 27]. Obesity is a major risk factor for the
development of OSAHS. It exacerbates cognitive impairment in
children and adolescents [11, 28]. Our study confirmed that obese
adolescents have higher AHI and ODI scores than their NW peers,
suggesting a link between obesity and the severity of nocturnal
hypoxia. Both obesity and OSAHS in early life may not only
increase the risk of developing dementia in adulthood but also
interact with cognitive dysfunction in adolescents well before the
onset of dementia [24, 29].

Notably, cognitive assessment findings regarding OSAHS in late
adolescence typically indicate a decline in overall cognitive
abilities, with a predominant impairment in nonverbal functions in
this cohort of patients. This trend was most pronounced in the
obese group. Higher rates of intermittent hypoxia are known to
result in more severe neuropathological changes in the cerebral
cortex and hippocampus, which may exacerbate memory and
executive function deficits over time [11, 30]. We identified an 8-
year prospective study by Australian researchers examining factors
associated with cognitive impairment in older adults with OSAHS.
The following sleep measures were examined: AHI, ODI,
percentage of sleep stages, and TST. Significant associations were
found between the proportion of sleep stages | and Il and ODI and
worse scores on visual attention, PSI, and executive functions [31],
which is partially consistent with our findings in adolescents. Thus,
the present study found that four of the five WISC-IV index scores
were significantly lower in male adolescents with OSAHS and
obesity than in both the NW OSAHS group and the control group,
and OSAHS-related indices were inversely associated with the FSIQ
and five index subscales, indicating an important role of obesity in
the development of cognitive impairment caused by the severity
of OSAHS.

These findings are consistent with the results of other previous
studies that have also examined the impact of obesity on cognitive
impairment in children and adolescents with OSAHS. For example,
Vitelli et al. (2015) [32], Vatch et al. (2019) [33], and Xu et al.
(2020) [11] found that children with OSAHS and obesity have
lower scores on intelligence, memory, learning, academic
achievement, behavior, and executive functions than controls
(non-OSAHS NW, non-OSAHS obese, or nonobese participants with
OSAHS). It can be assumed that remittent nocturnal hypoxia and
sleep fragmentation have an undeniable impact on cognitive
functions in adolescents with OSAHS, especially with concomitant
obesity, as a factor in nocturnal hypoventilation syndrome and,
accordingly, the severity of oxygen deficiency, as well as

potentiating chronic neuroinflammation of the brain (presumably
in the areas of the frontal, temporal, parietal and limbic cortex, as
well as in the subcortical structures — the caudate nucleus and
hippocampus) [11, 28, 33, 34]. In accordance with previous
studies, our study also confirmed that adolescents with obesity
have higher levels of AHI and ODI vs. their peers with NW, which
indicates a link between obesity and the severity of nocturnal
hypoxia.

Our study also yielded interesting results regarding nonobese
adolescent boys. General cognitive abilities were significantly
reduced in NW boys with OSAHS as well, as reflected by a
significant trend toward decreased verbal and nonverbal abilities,
along with significant impairment in visual attention and cognitive
processing speed compared to controls, impacting memory and
executive functions. These cognitive functions are associated with
specific cortical and subcortical structures, the so-called action-
mode network (AMN) or cingulo-opercular network (CON) of the
brain [35], which holds promise for study in patients with OSAHS.
We also established that anthropometric parameters such as NC
value and WC/HC ratio are inversely associated with verbal
performance, as well as visuospatial abilities, memory, and
cognitive processing speed in boys with normal BMI, but not in
obese adolescents. Our primary findings concern these
interactions, which have not previously been described in similar
studies. NC predicts OSAHS [36], and we hypothesize that this
anthropometric parameter may independently predict cognitive
impairment in NW adolescent males with OSAHS, which requires
further study. NC value and WC/HC ratio may be additional
screening tools for cognitive abilities in young men with OSAHS.

Conclusion

As a serious public health problem, OSAHS has been
considered a major risk factor for the development of cognitive
impairment (particularly, in combination with male gender and
obesity). This study demonstrates that cognitive performance in
adolescent males with OSAHS declines, with a predominant
decline in nonverbal abilities. This trend is most pronounced in
obesity, which exacerbates both hypoxia and sleep fragmentation
and potentiates chronic neuroinflammation (presumably in the
prefrontal, temporal, parietal, and limbic cortices, as well as in
subcortical structures such as the caudate nucleus and
hippocampus). These findings are novel and potentially interesting
for further discussion of the impact of OSAHS on cognitive
development in late adolescence and warrant further study,
considering the additional results and discussions of this study,
including the identification of predictors of cognitive impairment
in adolescents of different weight categories.

Study limitations

This was a pilot study, and therefore it has several limitations:
first and foremost, low statistical power and the lack of a
precalculated sample size, which potentially limits our ability to
detect more relationships across the study groups and the
generalizability of the results. We believe that addressing this
limitation in future studies will help us exclude deviations from the
STROBE checklist when calculating the sample size and strengthen
the study, because we will be able to stratify participants based on
the severity of both OSAHS and obesity. We will also be able to
consider a general linear model to assess the possible effect of
OSAHS severity, effect of the severity of obesity alone, as well as
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the effect of comorbid OSAHS and obesity, on the severity of
cognitive dysfunction. A second limitation of this study was that
only men were assessed, thereby eliminating the effect of gender.
However, the study results limit extrapolation to girls, which also
requires further research to examine the relationship between
cognitive function and OSAHS, body weight, and gender.
Furthermore, the lack of consideration of parental education,
socioeconomic status, and physical activity level of study
participants is a limitation as well, as these data were not included
in the survey. We may reconsider the methodology in our future
studies.
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