JCSM
Journal of Clinical

Sleep Medicine

SCIENTIFIC INVESTIGATIONS

Differences in the Association Between Obesity and Obstructive Sleep Apnea
Among Children and Adolescents

Mark J. Kohler, Ph.D."; Swetlana Thormaehlen? J. Declan Kennedy, M.D."3; Yvonne Pamula, Ph.D.%, Cameron J. van den Heuvel, Ph.D.";
Kurt Lushington, Ph.D.%; A. James Martin, MBChB'*

!Discipline of Paediatrics, University of Adelaide, Adelaide, Australia; *Department of Psychology, Saarland University, Saarbriicken, Germany,
’Department of Respiratory and Sleep Medicine, Women's and Children’s Hospital, North Adelaide, Australia; *School of Psychology, University of
South Australia, Adelaide, Australia

Study Objectives: Overweight and obesity are thought to increase
the risk of obstructive sleep apnea syndrome (OSAS) among chil-
dren. However, previous results have been inconsistent and appear
to be confounded by both ethnicity and the different ages of children
studied. To determine whether the association between excess weight
and OSAS varies with age across childhood, we assessed polysom-
nographic data from a series of Caucasian children and adolescents
referred for clinical evaluation of snoring.

Methods: Sleep and OSAS severity were assessed using polysom-
nography in 234 children aged 2.0 to 18.0 years. All children were re-
ferred for overnight evaluation of suspected OSAS. Severity of OSAS
as a function of body mass and age were then evaluated.

Results: Risk of OSAS among adolescents (age = 12 years) was in-
creased 3.5 fold with each standard-deviation increase in body mass

index z-score. Risk of OSAS was not significantly increased with in-
creasing body mass among younger children.

Conclusions: Similar to adults, adolescent children show an increased
risk for having OSAS in association with overweight and obesity. For
Caucasian children, overweight and obesity should be considered a
significant risk for OSAS among adolescents or from age 12 years,
especially when in combination with other established risk factors, in-
cluding snoring and adenotonsillar hypertrophy.

Keywords: Obesity, OSAS, children, adolescents

Citation: Kohler MJ; Thormaehlen S; Kennedy JD; Pamula Y; van den
Heuvel CJ; Lushington K; Martin AJ. Differences in the association
between obesity and obstructive sleep apnea among children and
adolescents. J Clin Sleep Med 2009;5(6):506-511.

Over the last decade, the prevalence of obesity in children
and adolescents has risen dramatically in many countries,
leading some researchers to speak of an “international epidemic
of childhood obesity.”! This rise in obesity has caused concern
as to its impact on both rates and severity of sleep-related breath-
ing disorders, most notably obstructive sleep apnea syndrome
(OSAS). OSAS is characterized by intermittent complete and
partial obstruction of the upper airway during sleep, resulting
in hypoxia and cortical arousal, and is currently reported to oc-
cur in 2% to 3% of children. Milder primary snoring is reported
in 5% to 10%.% As in the case of obesity, OSAS also is thought
to independently impair cardiovascular and metabolic function
in children,’ and it is associated with a range of cognitive, be-
havior, and social problems.* The reported association between
OSAS and body mass among children appears to vary accord-
ing to factors such as ethnicity,’ the presence of adenotonsillar
hypertrophy,® and socioeconomic status.’
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In adults, there appears to be a much stronger association
between body mass and OSAS, as compared with in children.®?
In addition, there is an apparent discrepancy in the strength of
the association between studies of older versus younger chil-
dren,’ and the impact of developmental changes in the asso-
ciation among children has been recently considered.'™'? The
limited data to date suggest little association between body
mass and upper airway obstruction among Caucasian children
aged 2 to 12 years; however, differences between children and
adolescents have not been investigated, and the age at which
increased body mass predisposes children to upper airway ob-
struction during sleep currently remains unknown. Although
the prevalence of upper airway obstruction among adolescents
may be similar to that of younger children, the risk due to obe-
sity may be much greater."*!'* Reductions in upper airway tone
and changes to anatomic structures may play a significant medi-
ating role in any change in association between body mass and
upper airway obstruction with age.'>!”

We have previously reported on the association between obe-
sity and upper airway obstruction among a group of Australian
Caucasian children reported to snore and aged 4 to 12 years.!
The aim of this study was to expand on the previous findings
and examine changes in the association of body mass and the
severity of sleep-related upper airway obstruction between chil-
dren and adolescents.



METHODS
Participants

This was an extension of our previous study examining
the association between body mass and OSAS among 4- to
12-year-old children." All children aged 2 to 18 years undergo-
ing their first overnight polysomnogram for evaluation of snor-
ing and possible OSAS at the Sleep Disorders Unit, Women’s
and Children Hospital, Adelaide, South Australia, between Oc-
tober 1999 and May 2007 were initially identified. A total of
631 cases were identified. Non-Caucasian children; children
with previous craniofacial surgery, adenoidectomy or tonsil-
lectomy; and those with specific syndromes (such as Prader-
Willi syndrome and muscular dystrophy) or taking medications
known to potentially disrupt sleep and impact on respiratory
dynamics were further excluded from the initial sample. A total
of 220 cases were therefore retained for statistical analyses. The
children were classified by age into 6 groups: 2 to 3.9 years,
4 to 5.9 years, 6 to 7.9 years, 8 to 9.9 years, 10 to 11.9 years,
and 12+ years (adolescents). Due to the relatively low num-
ber of eligible adolescents, children aged 12 to 18 years who
had received their first polysomnogram between June 2007 and
October 2008 were also identified. Of 33 potential extra ado-
lescents, 14 were included. All children were reported to snore
frequently by a parent ( > 1 night/week). Established growth
charts corrected for age and sex were used to determine body
mass index (BMI) z-scores and classify overweight and obesity
(BMI > 85" and 95" percentile, respectively).'®! A measure of
socioeconomic status (SES) was derived from the Australian
Bureau of Statistics’ Index of Relative Socio-economic Advan-
tage/Disadvantage national census data. A higher score on this
index indicates increased income and occupational skills and/or
training within the geographic area of residence, with a national
mean of 1000 and SD of 100. This study was approved by the
Human Ethics Committee, Child Youth and Women’s Health
Service, South Australia.

Polysomnography

Overnight polysomnography was conducted without sedation
or sleep deprivation and began at each child’s usual bedtime.
A parent accompanied each child throughout the procedure.
Polysomnography was performed using a computerized sleep
data-acquisition system (Compumedics S-Series and E-Series
Sleepwatch System, Melbourne, Australia). The following
standard parameters were measured and recorded continuously
utilizing the appropriate signal sampling and filtering proto-
cols: electroencephalogram (C3-A2 or C4-Al), left and right
electrooculogram, submental and intercostal electromyogram
with skin-surface electrodes, leg movements by piezoelectric
motion detection, heart rate by electrocardiogram, oronasal air-
flow by thermistor and nasal pressure, respiratory movements
of the chest and abdominal wall using uncalibrated respiratory
inductive plethysmography, arterial oxygen saturation by pulse
oximetry (Nellcor N2000 and 595, Boulder, USA, using 2- to
3-second averaging time) and transcutaneous CO, using a heat-
ed (41°C) transcutaneous electrode (TINA, Radiometer Pacific,
Mt Waverley, Australia). All data were digitized and stored on
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computer disk for subsequent analysis. Each child was continu-
ously monitored and observed via infrared camera by a pediat-
ric sleep technician who also documented observations of sleep
behavior, including the presence or absence of snoring.

Data Analysis

All polysomnograms were analyzed and scored manually by
a sleep technician experienced and trained in analyzing pediat-
ric sleep studies. Sleep stages were scored in 30-second epochs
according to Rechtschaffen and Kales criteria.?

Respiratory variables were scored according to standard
guidelines recommended for pediatric sleep studies.?' Obstruc-
tive apneas were defined as the absence of airflow associated
with continued chest and abdominal wall movement for dura-
tion of 2 or more respiratory cycles. Obstructive hypopneas
were defined as a 50% to 80% reduction in the amplitude of the
respiratory inductance plethysmography and/or airflow signal
associated with paradoxical chest/abdominal wall movement
for duration of 2 or more respiratory cycles and associated with
a 3% or greater oxygen desaturation. The presence of any other
supportive data such as increased intercostal or submental elec-
tromyographic activity was also used to distinguish between
obstructive and central hypopneas. Central apneas were scored
if there was an absence of respiratory effort as determined by
respiratory inductance plethysmography and/or intercostal elec-
tromyogram in association with an absence of airflow for dura-
tion of 2 or more respiratory cycles and associated with at least
a 3% oxygen desaturation. Central apneas were also scored if
the event lasted at least 20 seconds. Central hypopneas were
defined as a 50% to 80% reduction in airflow from baseline in
association with a 50% to 80% reduction in respiratory effort
from baseline. Apnea events that included both central and ob-
structive components were scored as a mixed apnea.

The obstructive apnea and hypopnea index (OAHI) was cal-
culated as the total number of obstructive apneas and obstruc-
tive hypopneas, divided by the total sleep time and expressed as
the number of events per hour of sleep. An OAHI of 1 or greater
was considered indicative of OSAS. A central apnea and hypo-
pnea index was calculated as the total number of central apneas
and central hypopneas divided by the total sleep time and ex-
pressed as the number of events per hour of sleep (CAHI). The
total apnea and hypopnea index (AHI) was calculated as OAHI
plus CAHI.

Spontaneous and respiratory arousals were scored according
to the criteria of the American Sleep Disorders Task Force and
are expressed as the total number of arousals per hour of sleep
(spontaneous arousal index, SAI, and respiratory arousal index,
RAI).%

Statistical Analysis

Statistical analyses were conducted using SPSS version 15.0
for Windows (SPSS, Inc., Chicago, IL). All p values reported
are 2 tailed, with significance determined at a = 0.05. Data are
presented as mean + SD unless otherwise stated.

Group differences in demographics, body mass measures,
and polysomnography results were determined using 1-way
analysis of variance for continuous data, and Games-Howell
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Table 1—Patient Characteristics and Body Measurements by Age Group

Age group, y p value
2-39 4-5.9 6-7.9 8-9.9 10-11.9 12-18

No. 34 44 50 38 30 38 0.259
Age,y 3.0+£0.6 5.0+£0.5 7.1+£0.6 9.0+£0.6 11.0+0.7 154+1.5
Males 25 (73.5) 23 (52.3) 34 (68.0) 20 (52.6) 15 (50.0) 27 (71.1) 0.111
SES 973.5+73.0 979.5+87.5 973.2+75.8 967.4 +88.4 940.3 +87.5 946.0 = 67.0 0.198
BMI
Percentile 62.6+27.1 63.0 +28.0 72.4+£26.7 73.8+£24.7 75.9£24.5 75.8+33.1 0.099
Z-score 0.58+1.1 0.56+1.1 092+1.2 0.99+1.1 1.05+1.0 1.28+14 0.055
Weight category

Normal weight 24 (70.6) 32 (72.7) 30 (60.0) 21(55.3) 17 (56.7) 13 (34.2) 0.099

Overweight 3(8.8) 3(6.8) 4 (8.0) 3(7.9) 2 (6.7) 5(13.2)

Obese 7 (20.6) 9 (20.5) 16 (32.0) 14 (36.8) 11 (36.7) 20 (52.6)

Data are presented as mean + SD or number (%). Significant p values are in bold. SES refers to socioeconomic status; BMI, body mass index.

tests were used for posthoc analyses. y? analyses were used to
determine group differences for categorical data. All continuous
variables were normally distributed with the exception of AHI,
OAHI, CAHI, and RAI Inverse transformation was required
to reduce positive skew before entering variables into analyses
[i.e., I/(x+c), where x = data value and ¢ = 1].

Risk of OSAS due to age and BMI z-score was determined
using logistic regression. OSAS status was entered as the de-
pendent variable, and age group (adolescents vs younger chil-
dren), BMI z-score, and age group X BMI z-score were entered
as predictors.

RESULTS

A total of 234 Caucasian patients between 2 and 18 years of
age with full polysomnographic data were included in analyses.
Patient characteristics and body mass measures are presented
by age group in Table 1. Despite a trend toward greater BMI z-
score and obesity among older children and adolescents, com-
pared with younger children, groups did not differ statistically
for sex, SES, body mass, and percentage of overweight and
obese individuals.

Results from overnight polysomnography are presented in
Table 2. Differences between age groups were found for total
sleep time; percentage of stage 2 sleep, slow wave sleep (SWS),
and REM sleep; REM latency; and frequency of spontane-
ous arousals. Specifically, adolescents (age > 12 years) dem-
onstrated reduced sleep time and a lower percentage of SWS
compared with all other age groups. Adolescents also dem-
onstrated a greater percentage of stage 2 sleep compared with
all other age groups, a reduced percentage of rapid eye move-
ment (REM) sleep compared with all age groups except 10-
to 11.9-year-olds, an increased REM latency compared with
2- to 3.9-year-olds, and an increased frequency of spontane-
ous arousals (SAI) compared with 4- to 5.6-year-olds and 8- to
9.9-year-olds. Despite the apparent greater range in OAHI and
RAI among adolescents, groups were not statistically different
for measures of OSAS severity (OAHI, RAI, and arterial oxy-
gen saturation nadir) or for percentage of individuals classified
as having OSAS.

When considering only children demonstrating OSAS, there
was a clear increase in the proportion of individuals who were
overweight and obese with increasing age (Figure 1). Across
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Figure 1—The percentage of normal-weight vs overweight/obese
children classified as having obstructive sleep apnea-hypopnea
syndrome (obstructive apnea-hypopnea index > 1) within each age
group. There was a significant increase in prevalence of overweight/
obese among older children and adolescents, y>= 79.7, p < 0.001.

the total group, stepwise regression assessing impact of BMI z-
score and age on each of the respiratory indexes was performed.
Age and BMI z-score were entered at the first step, followed by
an age-by-BMI z-score factor. BMI z-score but not age was a
mild yet significant contributor to the variance in AHI at step |
(#=0.16,t=2.4,p <0.05). Addition of the age-by-BMI z-score
factor at step 2 resulted in a significant increment in R* (R?=
0.09, F| ,,, = 17.0, p < 0.001), indicating it is the interaction
between age and body mass that is the important contributor to
respiratory-disturbance severity. A similar pattern was observed
when using the OAHI or CAHI as dependent variables. When
considering age groups separately, the BMI-z-score but not age
or the interaction of age and BMI z-score was a significant pre-
dictor of respiratory-disturbance severity among adolescents;
however, no effect of any factor was found among children
younger than 12 years.

To provide some clinically applicable data, logistic regres-
sion was also performed. Risk of OSAS alone was not found to
be greater among adolescents (age > 12 years) compared with
younger children. Similarly, risk of OSAS was not significantly
elevated with increasing BMI z-score across the total group.
However, the risk of OSAS among adolescents was signifi-
cantly increased (3.5 times) with each SD increase in BMI z-
score (Table 3). These results were unchanged after addition of
sleep-architecture differences found between adolescents and



Table 2—Polysomnography Results by Age Group

Obesity and OSAS in Children

Age group, y p value Posthoc
2-3.9 4-5.9 6-7.9 8-9.9 10-11.9 12-18
TST, min 430.4+53.6 427.0+44.6 4245+540 4285+445 4294+544 3323+66.8 <0.001 1-5>6
Sleep stage, %
1 4.6+2.5 36+23 4.0+32 40+33 39+28 55+44 0.128
2 43.7+5.6 44.1+59 43.6+7.2 43.6+7.3 46.2+6.7 53.8+7.1 <0.001 1-5<6
SWS 299+6.2 304459 314+7.38 309+4.1 30.2+6.7 241+7.7 <0.001 1-5>6
REM 22.0+4.9 22.1+42 20.5+5.3 21.1+5.0 19.7+4.7 16.5+43 <0.001 1-4>6
REM latency, min ~ 97.6+48.5 110.2+58.5 109.7+543 112.8+52.6 113.2(574) 156.4+94.5 0.002 1<6
AHI* 4.8+9.7 34+8.7 54+94 3.1+47 42+6.6 14.3+343 0.890
OAHTI® 1.5+24 19+74 23+43 1.0£22 2.1+£53 11.9+£32.6 0.311
CAHI* 33+84 14+£20 3.1+£58 2.1+39 20+3.7 24+34 0.657
OSAS 13 (38.2) 11 (25.0) 19 (38.0) 6 (15.8) 6 (20.0) 13 (34.2) 0.126
RAT* 27+25 1.9+29 3.7+6.8 2.5+35 25+43 10.2+£27.3 0.394
SAI 94+50 84+3.7 9.0+£5.8 8.8+4.9 89+55 13.2+7.6 0.002 24<6
Sao, nadir 90.8 + 6.0 91.5+43 90.9+4.3 92.0+3.0 90.5+£6.5 90.5+£6.6 0.781

Data are presented as mean = SD or number (%). For posthoc results 1 =2- to 3.9-y age group, 2 =4- to 5.6-y age group, 3 = 6- to 7.9-y age group,
4 = 8- t0 9.9-y age group, 5 = 10- to 11.9-y age group, 6 = 12- to 18-y age group (adolescents). TST refers to total sleep time; SWS, slow wave
sleep; OAHI, obstructive apnea and hypopnea index; CAHI, central apnea and hypopnea index; OSAS, obstructive sleep apnea syndrome; RAIL,

respiratory arousal index; SAI, spontaneous arousal index.

*Analysis conducted using transformed values; untransformed mean + SD values are presented in the table.
®Analysis conducted using median test due to extreme skew; mean + SD values are presented in the table.

younger children (i.e., SAI, SWS percentage, Stage 2 percent-
age, and REM sleep percentage. See Table 2)

DISCUSSION

This study has demonstrated a clear change in the association
between body mass increase and risk of OSAS with age. Spe-
cifically, the previously reported increased risk of developing
OSAS due to being overweight and obese predominates among
adolescents, with little increase in risk noted among children
younger than 12 years. These results suggest that the increase in
risk among overweight and obese adolescents results from de-
velopmental changes, with adolescents possibly demonstrating
an “adult etiology” irrespective of the initial underlying cause.

Reductions in upper airway tone with age have been reported
among children'>'"7 and suggest a mass effect on the upper
airway during sleep may be a greater risk for OSAS among older
children and adolescents. In addition, a recent study has shown
that although upper airway response to subatmospheric pressure
loading during sleep decreases with age, it is not necessarily
related to stage of pubertal development.!” We have previously
reported that a greater proportion of studies in children of mean
age greater than 10 years report obesity as a significant risk
for OSAS, compared with similar studies of children with a
younger age.® Three previous studies have directly investigated
the impact of age on the association between obesity and OSAS
among children. Stepanski et al.,'”?in a predominantly African
American sample of children aged 0 to 12 years, found OSAS
was not more prevalent among those with greater body mass
referred for overnight assessment of upper airway obstruction;
however, children with OSAS older than 8 years of age were
found to be more obese than age-matched normal sleepers. We
have previously described a weak association between body
mass and upper airway obstruction among Caucasian children 4
to 12 years of age; however, no effect of age was found among
this group.'" Finally, risk of OSAS was not related to body mass
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among Greek children younger than 6 years of age, yet older
children (7-15 years) who were obese were twice as likely to
have OSAS, as compared with nonobese children of the same
age.'” It is difficult to generalize results across ethnic groups’;
however, when combined with the results from this study, a
change in the risk for OSAS with age due to increased body
mass seems apparent. The precise age at which this change
occurs is unknown and may vary by ethnicity as well as other
risk factors.

Tonsil size is not routinely graded in the respective clinics of
the host institution but may also interact with obesity to increase
the risk for developing OSAS.?* Furthermore, reductions in
upper airway tone with age may further predispose older
children and adolescents who are obese and have large tonsils
to developing OSAS. Recently, Dayyat et al.” retrospectively
investigated 412 snoring children who had undergone overnight
polysomnography. Despite similar degrees of OSAS severity,
nonobese children displayed larger adenotonsillar size,
compared with obese children. This suggests a smaller change
in magnitude of adenotonsillar size is required among obese
children for an equivalent change in severity of upper airway
obstruction. Whether the discrepancy reported by Dayyat and
colleagues between obese and nonobese children changes with
age is not known. It will be informative for future studies to
assess tonsil size; however, the present results would suggest
obesity among snoring adolescents should still be considered
grounds for referral independent of tonsil size.

In addition, obesity is thought to increase the risk for residual
obstruction following surgical removal of adenoids and tonsils
in children®*3°; however, results to the contrary have also been
reported.’'*? Results from studies reporting increased risk in-
dicate persistent obstruction in 35% to 79% of obese children
after treatment. However, Tauman et al.*° found that older chil-
dren with a greater body mass were most likely to demonstrate
persistent obstruction. Recently, Amin et al.”® showed a change
in BMI per year, rather than a single BMI measurement, to be a
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better predictor of OSAS recurrence following treatment. Age
was not a significant contributing factor for OSAS recurrence
in their study; however, the age range was restricted to 7 to
13 years. Combined with results demonstrating reductions in
OSAS severity following surgical weight loss among adoles-
cents,'** obesity appears to be of primary importance for ini-
tial patient prioritization and follow-up, especially among older
children and adolescents.

An important consideration of this study is that all partici-
pants were Caucasian, and, as such, interpretation and appli-
cation of results is potentially relevant to Caucasian children
only. Independent of obesity, African American children appear
to also be at higher risk of having OSAS.?*¥"*3 In addition,
pubertal development may occur earlier among African Ameri-
can compared with Caucasian children.*® Therefore, develop-
mental changes in the association between obesity and OSAS
may follow a different age trajectory among African American
children and, indeed, among other ethnicities also. In addition,
all participants in our study were children referred for overnight
evaluation of breathing due to suspected upper airway obstruc-
tion, limiting our ability to generalize results across the wider
population. Despite this, the results indicate that, when OSAS
is suspected, obesity will increase the likelihood of its presence
among adolescent children. In regard to sex, the incidence of
OSAS among adult men is reported at 3 times that for women®
and is attributed to differences in fat deposition,*”** upper air-
way structure, and sex-hormone concentrations (see*“° for a
review). The ratio of males to females was similar across age
groups in our study, and an interaction between sex, body mass,
and OSAS was not found (results not reported). However, if de-
velopmental changes such as sex-hormone concentrations and
fat deposition are indeed critical determinants of age-related
changes in association between body mass and OSAS, larger
studies are needed that also assess these factors. Finally, a se-
lection bias may occur in referral of younger children versus
adolescents. In Adelaide, both younger children and adolescents
are followed by the same physician under the same referral pro-
tocols. However, discrepancies in initial referral indications
from a general practitioner cannot be completely ruled out.

Clearly the etiology of OSAS is multifactorial, comprising an
interaction of physiologic and anatomic factors. The identifica-
tion of these factors will continue to be an active and important
field of research given the striking morbidity associated with
OSAS. However, researchers and clinicians alike should realize
that such factors appear to change with age during childhood.
In this study, overweight and obese adolescent children ( > 12
years of age) show an increased risk of OSAS, a pattern not
found among younger children. Among Caucasian children, be-
ing overweight is a significant risk for developing OSAS after
age 12 years, especially in combination with other established
risk factors, including snoring and adenotonsillar hypertrophy.
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Table 3—Risk of OSAS by Increasing BMI Z-Score and Ado-
lescence

Risk factors OR? (95% CI)* p Value
Age>12y 0.16 (0.02-1.35) 0.92
BMI z-score® 0.99 (0.75-1.30) 0.09

Age > 12 y + BMI z-score® 3.55 (1.30-9.71) 0.01

OSAS refers to obstructive sleep apnea syndrome. “Data are pro-
vided as odds ratio (OR) and 95% confidence intervals (CI). "OR
are for each increase in body mass index (BM)I z-score of 1 SD.
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