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Abstract

Background: The aim of this study was to explore specific sleep patterns in obese adolescents aged 15-17 using
polysomnography (PSG), whether or not obstructive sleep apnea (OSA) is present.
Methods and Results: Anthropometric measurements were taken of all participants, and outpatient PSGs were performed.

After PSG, all obese participants were divided into two groups: non-OSA group (n=18) and OSA group (n=27). Fifteen lean
adolescents were included in the control group. Apnea/hypopnea index, episodes of snoring, time with Sp0O,<90%, arousal index,
sleep stages 1-2 were significantly higher; and lowest SpO,, sleep efficiency, slow wave sleep, rapid eye movement sleep were
significantly lower in OSA patients than in both non-OSA groups. However, all PSG variables in the non-OSA obese group were

comparable to lean controls.

Conclusion: Sleep characteristics are related to the presence of OSA, but not to the excess weight. Future research should
evaluate sleep pattern changes following successful treatment of OSA in obese adolescents and longitudinal outcomes in adults.

(International Journal of Biomedicine. 2020;10(3):235-240.)
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Abbreviations

Al arousal index; AHI, apnea/hypopnea index; BMI, body mass index; CPAP, continuous positive airway pressure; EEG,
encephalography; OSA, obstructive sleep apnea; PSG, polysomnography; REM, rapid eye movement; SpO,, arterial oxygen
saturation; SE, sleep efficiency; SWS, slow wave sleep; zBMI, body mass index-for-age z-score.

Introduction

Obesity has become an epidemic in industrialized and
developing countries among adults and children. About 10% of
the world’s school-aged children are estimated to be carrying
excess body fat with an increased risk of developing chronic
diseases, such as type 2 diabetes, heart disecase and a variety
of other comorbidities before or during early adulthood.!-?
It is known that many factors promote pediatric obesity (e.g.
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low physical activity, high calorie or high fat food, stress), but
changing established weight-related habits is very difficult,
and interventions targeting these behaviors have shown only
moderate success.®> Thus, research is needed to elucidate
additional mechanisms of excessive weight gain in children
and adolescents to further improve obesity prevention and
intervention efforts. Sleep has been proposed as a promising
target. Meta-analyses indicate that not meeting recommended
sleep hygiene in adolescence increases risk of developing
overweight/obesity.® C. Hart et al.” published a hallmark
review of pediatric sleep and obesity, which indicated that
sleep duration, quality, and schedules were all related to BMI
in youth. Hypotheses that sleep is linked to the development
and maintenance of obesity propose that it impacts weight
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through a variety of biological and behavioral pathways.®
It has been noted that poor sleep quality may impact overall
sleep duration and additionally may interfere with the
natural cycles of sleep waves throughout the night, which
can alter metabolism.” Conversely, excessive weight is a
risk factor for sleep-disordered breathing, including OSA
and the likelihood of developing OSA in obese children is
four to five times greater than in a healthy-weight peer.(*!D
It is known that OSA is characterized by the collapse of the
upper airway during sleep, leading to airflow cessation or
reduction, intermittent hypoxemia, hypercapnia and sleep
fragmentation."? Untreated OSA may lead to an increased
incidence of cardiovascular diseases, strokes, diabetes,
depression, cognitive impairment and others.>!¥

Adolescence (especially the ages of 15-17 years, or
middle adolescence) is a time of important physical, emotional,
behavioral and social changes."> Sleep is a primary aspect of
adolescent development. It is known that during adolescence,
physiological sleep patterns (e.g. reduced depth of REM sleep,
shortened total sleep time) and psychosocial influences on
sleep change.!*'® Thereby, on the one hand, adolescents may
be particularly vulnerable to sleep-related changes in their
weight.!*2” On the other hand, as the pediatric obesity epidemic
continues, adolescents comprise one of the fastest growing risk
groups for developing OSA.?!2 This raises the possibility of a
causal relationship, and therefore the potential for sleep-related
interventions. However, a few studies in population-based
samples have shown an association between obesity and sleep
variables (and/or sleep abnormalities, e.g. OSA) in adolescence,
but reported findings are not similar. Moreover, a major
weakness of the research in this area is the exclusive reliance on
self-reported sleep measures or actigraphy as objective measures
of sleep. PSG, as a comprehensive method for assessing sleep,
during which various physiological parameters are recorded,
is the gold standard for diagnosing sleep-disordered breathing,
including OSA. It allows accurately detecting sleep disorders,
in order to timely and adequately choose treatment approaches,
preventing the progression of sleep disturbances and their
possible complications.®

To address these weaknesses, we conducted the study to
explore specific sleep patterns in obese adolescents aged 15-
17 using PSG, whether or not OSA is present.

Materials and Methods

The present cross-sectional study, in which all variables
were measured at the same time, was designed to explorer
specific sleep patterns in obese adolescents with and without
OSA by outpatient PSG. Study participants (45 adolescents
aged 15-17 years) were recruited from obese patients referred
to the Children’s Clinic of Scientific Centre for Family
Health and Human Reproduction Problems (Irkutsk, Russian
Federation), in the period from October 2018 to May 2019.
After PSG, all obese participants were divided into two groups:
non-OSA group (n=18) and OSA group (n=27). Fifteen lean
adolescents were included in the control group.

Study inclusion criteria: the 15-17 year age range;
obesity, if zZBMI>2 for age and sex, normal weight, if zZBMI

>-2 to +1 for age and sex; signed informed consent form.

Study non-inclusion critera: unwillingness to participate
in this study, overweight or underweight (zZBMI >+1 but <+2
and <-2 for age and sex, accordingly), craniofacial anomalies,
secondary obesity, CPAP therapy.

Anthropometric  measurements ~ were taken  of
all participants, and outpatient PSGs were performed.
Anthropometric parameters of adolescents were assessed once
when they were included in the study. Height was measured to
the nearest 0.1 cm using a stadiometer and weight was measured
to the nearest 0.1 kg. The adolescents wore light indoor clothing
and no shoes during the measurements. BMI was calculated as
kg/m*. BMI was further analyzed as zBMI using the AnthroPlus
calculator based on the WHO references.?

Due to the purpose of this study, the sleep patterns
were evaluated objectively, using outpatient PSG, which was
performed at the adolescent’s usual sleep times. A technologist
from the Sleep Center went to the Children’s Clinic to place
the leads. Adolescents were asked to record lights off and
lights on times. They were supplied with an emergency
telephone number to call during the night with questions, as
well as a diagram and simple instruction sheet on replacing
leads if they happened to notice that any fell off during the
night. PSG data were collected using the AURA PSG GRASS-
TECHNOLOGIES (USA). We recorded six EEG derivations
(Fp3-A2, Fp4-Al, C3-A2, C4-Al, O1-A2, and O2-Al), left
and right electrooculography channels, submental muscle
tonus, heart rate by electrocardiogram, airflow using a three-
pronged thermistor (Pro-Tech Services, Inc., Mukilteo, WA),
nasal pressure by a pressure transducer (Pro-Tech Services,
Inc., Walnut Cove, NC), snoring, chest and abdominal wall
motions using respiratory inductance plethysmography,
SpO, by pulse oximetry, and body position. The recording
was terminated by the adolescent in the morning after he/she
awoke for the day, and the equipment was picked up by the
technologist. Studies were transmitted electronically to the
Sleep Center where they were scored by a single registered
polysomnographic technologist and then interpreted by
a single sleep medicine physician, using the American
Academy of Sleep Medicine (AASM)@ scoring rules.
Obstructive apneas were defined as at least a 90% reduction
in the thermal signal amplitude, whereas hypopneas were
defined as diminution of at least 30% of the nasal pressure
signal that was associated with an arousal or desaturation of
3%. Obstructive apneas and hypopneas were expressed as the
number of apneas/hypopneas per hour of total sleep. OSA was
identified if AHI>2n/h.?® Cortical arousals were expressed as
total number of arousals per h of total sleep time (AI). All
studies were rated for technical quality. The percentage of
total recording time with a satisfactory signal was visually
assessed for each polysomnographic channel. A signal was
considered satisfactory if the waveform was free of artifacts
and the data were interpretable. Power EEG spectrum was
automatically scored for consecutive 20-s epochs with
Spectral Analysis option of GRASS-TELEFACTOR PSG
Twin 4.5.2.

The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed. 2013)
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and approved by the Scientific Centre’s for Family Health and
Human Reproduction Problems Ethics Biomedical Committee
of February 23, 2018 (Reference number 2018/2).

Statistical ~analysis was performed using the
Statistica v10.0 software package (Stat-Soft Inc., USA).
Baseline characteristics were summarized as frequencies and
percentages for categorical variables and as mean+standard
deviation (SD) for continuous variables. Multiple comparisons
were performed with one-way ANOVA and Tukey’s HSD
Post-hoc Test. Group comparisons with respect to categorical
variables were performed using chi-square tests or,
alternatively, Fisher’s exact test. A probability value of P<0.05
was considered statistically significant.

Results

Participants’ characteristics were analyzed (Table 1).
Adolescents with obesity (n=45) had a mean age of 16.3
year, whereas lean adolescents (n=15) had mean age of 16.0
years (P=0.56). However, zZBMI for lean controls differed
significantly from that for obese groups (P<0.0001). Females
comprised 46.7% and 44.5% of corresponding samples
(P=0.88). OSA was present in 60% of patients with obesity,
wherein there were 2 times more boys than girls. It should
be noted that OSA has a sexual dimorphism, so men are
especially vulnerable to sleep apnea, compared to women.?7?)

Table 1.

Comparison for age, gender, BMI and presence of OSA between
the entire obese sample and the lean group

Variables | Obese group (n=45)| Lean group (n=15)| P-value
Age,y 16.3+0.2 16.0+0.5 0.56
Female, n (%) 20 (44.5) 7 (46.7) 0.88
BMI, kg/m? 33.6+3.1 19.0+2.4 <0.0001
zBMI 2.4+0.9 -0.08+0.4 <0.0001
OSA, n (%) 27 (60) <0.0001
Male, n (%) 19 (70.4) ) <0.0001

Characteristics and PSG data of patients with and
without OSA were separately analyzed (Table 2). The OSA
group was similar to the rest of the non-OSA group in terms of
age (16.3£0.5 year vs. 16.1+0.3 year) and zBMI (2.5+0.5 vs.
2.4+0.7), but both obese groups had significantly higher BMI
compared to lean controls (P<0.0001). Polysomnography
comparisons demonstrated significant differences between
the obese subjects with OSA and both obese controls and lean
controls in terms of severity of OSA, gas exchange during
sleep, frequency of arousals, sleep efficiency and percentage
of sleep stages. ANOVA showed that AHI, episodes of
snoring, time with SpO,<90%, Al, sleep stages 1-2 were
significantly higher; and lowest SpO,, SE, SWS, REM sleep

were significantly lower in OSA patients than in both non-
OSA groups. However, all PSG variables in the non-OSA
obese group were comparable to lean controls.

Generally, nocturnal sleep structure changes in OSA
obese adolescents were characterized by an increase in the
duration and a reduction in number of sleep cycles, and
segmentation of non-REM sleep and REM sleep, compared
with both non-OSA groups. Furthermore, increased frequency
of arousals are accompanied by frequent sharp transients
and periods of hypersynchronous theta activity of the EEG.
The dominant frequency of EEG oscillations in nocturnal
sleep in OSA obese adolescents was 6.8+0.73 Hz, which is
significantly lower than the similar variables in both control
groups (10.7+0.79Hz and 11.3+0.32Hz, accordingly, P<0.01).
One of the highlights was the significant decrease in the sleep
efficiency in patients with obesity and OSA.

Table 2.

Participants’ and PSG characteristics in obese adolescents
according to the presence or absence of OSA and in lean controls

Obese Obese

Variables adolescents | adolescents cé;let?:)lls P-value
with OSA |without OSA (n=15)
(n=27) (n=18)

Age,y 16.3+0.5 16.1+0.3 16.0+0.5 0.67
BMI, kg/m? 34.1£2.4 32.0+2.5 19.0+£2.4 [<0.0001'
zBMI 2.5+0.5 2.4+0.7 -0.08+0.4 {<0.0001'
AHI, n/h 13.2+1.8 1.1£0.3 1.0+£0.1 |<0.00012
Snore, n 1087.8+557.5| 267.4+31.6 |243.64+26.7[<0.0001>

Bascline Sp0,,%| 97.8+1.6 | 98.2:0.4 | 98.6:0.4 | 0.84
Lowest Sp0,.% | 85.3%1.6 | 95.6:0.2 | 96.1£0.6 |<0.0005*
Z%ﬁﬁ’ﬁ‘?ggz 47£1.9 0.0£0.0 | 0.0£0.0 [<0.0001>
Total AL n/h 207431 | 159414 | 143+1.2 [<0.0005
TST, min 4353+53.1 | 42734352 [431.6+413| 0.17
SE, % 72341 | 892426 | 91.1£1.6 | <0.0012
S1-2,% TST 73.8£9.7 | 55.6+4.7 | 53.7:3.4 | <0.0012
SWS, % TST | 132425 | 209+12 | 22.6+2.0 | <0.012
REM, % TST | 13.143.8 | 217433 | 21.3+2.7 | <0.01°

Lcomparison between lean controls and both obese groups;

2comparisons between OSA and both control groups (the non-OSA
obese group and lean controls).
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Sleep organization analysis in obese adolescents
with and without OSA revealed the following: a change in
superficial sleep with its minimum value in the first cycles and
an increase in duration in the second, third and fourth cycles; a
decrease in duration of deep sleep and atypical delta sleep, and
a significant decrease in REM duration, predominantly in the
second, third and fourth cycles in OSA obese patients.

Discussion

In the present study, we found sleep disturbance such as
OSA in more than half of obese adolescents referred for PSG.
This finding is consistent with recent literature. Andersen
et al.?®” demonstrated the presence of OSA in 44.6% of the
overweight study population and showed that a one-unit
increase in the zZBMI equaled an average increase in the AHI
of 35%. A lower OSA frequency may be due to the inclusion
in this study of children and adolescents with zBMI>1.28
(BMI>90th percentile according to age- and sex-adjusted
reference) compared to zBMI>2 (BMI>95th percentile
according to age- and sex-adjusted reference). Kang et al.,?
Evangelisti et al.,*) Lennon et al., ®» and other scientists have
shown that overweight status is negatively correlated with
minimal SpO, but positively correlated with AHI, and that
obese children and adolescents have a significantly higher
risk of OSA than children with underweight and normal
weight status. The association of OSA and obesity was also
reported by Parmar et al.,®® Scheffler et al.®¥ and others
who demonstrated that using CPAP and adenotonsillectomy
are effective treatments for OSA in obese subjects, and can
improve OSA-related parameters such as AHI and SpO, as
well as some of the cardiometabolic dysfunctions linked to the
disorder.®® In contrast, Andersen et al.®® reported that OSA
improved during obesity treatment (e.g. lifestyle changes,
physical activities, diet, behavioral therapy and so on) and
the reduction in BMI was significantly associated with the
reduction in AHI.

It is known that the integrative processes that occur in
the brain during sleep determine the sequence of occurrence
of different phases and stages (sleep homeostasis) and
characterize the ability of brain systems to achieve the main
purposes of sleep— restoration and saving of metabolic
health.®” Any adverse effect on the body, primarily on the
brain, can inevitably lead to sleep disruption of homeostasis
and its restorative capabilities.®® As expected, under the
influence of periodic nocturnal hypoxia, the structural
organization of sleep also changed in our patients with
OSA.

It is argued that sleep duration and sleep quality have
been implicated as risk factors for obesity. Poor sleep quality
may impact overall sleep duration and additionally may
interfere with the natural cycles of sleep waves throughout
the night, which can alter metabolism.” Obese adolescents
had more disrupted sleep and less sleep efficiency than the
healthy-weight controls.?'*? 1t is interesting to note that we
did not find changes in total sleep duration in adolescents
with obesity, compared to lean controls, as well as between
OSA and non-OSA obese patients. However, sleep efficiency

and sleep structure were significantly changed in obese
adolescents with OSA only, but not in obese controls, which
were comparable to the lean group. These findings are
different from the results demonstrated by Xanthopoulos
et al.,”» who did not find differences in sleep efficiency
and duration of sleep stages between OSA obese patients
and obese controls, but reported significantly higher sleep
arousals in OSA participants, compared to both the non-OSA
obese group and lean controls, which was also shown in our
study.

In conclusion, this study demonstrates that more than
half of an obese sample was affected by OSA. Further, obese
adolescents with OSA showed altered sleep patterns, as
compared to the non-OSA obese patients and lean controls.
We can assume that sleep characteristics are related to the
presence of OSA, but not to the excess weight. So excessive
respiratory stimuli in OSA can break sleep homeostasis due
to an increase in the ability of the sleeping brain to provoke
arousal as a putative mechanism to protect from arousing
stimuli, and thereby enhancing sleep consolidation. Our
findings assume that untreated OSA during adolescence may
lead to obesity progression and development of complications
(e.g. neurobehavioral deficits, cardiometabolic changes, etc.)
in adulthood. Physicians should identify adolescents from
OSA risk groups, and arrange timely and adequate therapy
to prevent significant sleep homeostasis changes, as well
as OSA-linked disorders. It is assumed that a chronic care,
multidisciplinary obesity treatment, as well as CPAP therapy,
should be considered among the first-line treatments of OSA
(mostly severe) in management of adolescents. Future research
should evaluate sleep pattern changes following successful
treatment of OSA in obese adolescents and longitudinal
outcomes in adults.
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