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Abstract
Purpose  To investigate the prevalence of obstructive sleep apnea (OSA) in children referred for obesity treatment, and to 
compare the prevalence with that of a normal-weight group. Moreover, we examined the association between Body Mass 
Index Standard Deviation Score (BMI SDS) and the Apnea–Hypopnea Index (AHI).
Methods  This cross-sectional study included 139 children aged 7–18 years with overweight/obesity (BMI SDS >1.28) 
recruited from an obesity treatment clinic. The normal-weight group consisted of 33 children (BMI SDS ≤ 1.28) aged 
7–18 years recruited from schools. Sleep examinations were performed using a type 3 portable sleep monitor (Nox T3). 
OSA was defined as AHI ≥ 2. Height and weight were measured and the tonsillar size was clinically estimated using the 
Brodsky scale.
Results  The OSA prevalence was 44.6% in children with overweight/obesity compared with 9.1% in the normal-weight 
group (p = 0.0002), and the relative risk of OSA was 4.9 (95% CI 1.6–14.7). In a logistic regression, a one-unit increase 
in the BMI SDS increased the odds of having OSA by a factor of 1.92 independent of age, sex, tonsillar hypertrophy, and 
asthma (95% CI 1.33–2.76, p = 0.0005). A generalized linear regression adjusted for the same variables revealed an associa-
tion between BMI SDS and AHI (a one-unit increase in the BMI SDS equaled an average increase in the AHI of 35% (95% 
CI 19–53%, p < 0.0001)).
Conclusions  In this study, children with overweight/obesity had a significantly higher prevalence of OSA compared with a 
normal-weight group. Increased BMI SDS was associated with increased AHI.
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Introduction

Obstructive sleep apnea (OSA) is a sleep disorder caused by 
episodes of partial upper airway obstruction and/or intermit-
tent complete obstruction that disrupt normal breathing dur-
ing sleep [1]. OSA is associated with cardiovascular com-
plications, neurocognitive problems, and reduced quality of 
life in childhood [1].

Adenotonsillar hypertrophy is a major risk factor for 
pediatric OSA [2]. However, several studies have reported 
that the disorder is more likely to persist in children with 
overweight/obesity after adenotonsillectomy compared with 
children with normal weight [3–5], indicating that obesity is 
key in the pathogenesis of OSA. This is in line with previous 
studies reporting an OSA prevalence of 24–61% in children 
and adolescents with overweight/obesity [6–8].

The etiological factors predisposing to the increased risk 
of OSA in children with obesity are not fully understood. 
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Anatomical factors, such as the deposition of fat in the 
pharyngeal region [9], as well as the physiological effects 
of obesity on the respiratory system [10] may contribute to 
the increased risk.

Other risk factors for pediatric OSA reported in cross-sec-
tional studies are premature birth [11, 12], African-Ameri-
can ethnicity [11–13], history of asthma [12, 13], and crani-
ofacial abnormalities [14]. Moreover, there is some evidence 
that OSA occurs more often in boys than in girls [12].

Although the prevalence of OSA in children with over-
weight/obesity has been investigated in previous studies, 
many studies have investigated groups of children referred 
to sleep clinics on suspicion of OSA. Moreover, only few 
studies have compared the prevalence of OSA with that of 
a group of children with normal weight [15–18]. Three of 
these studies [15, 17, 18] investigated Asian populations. 
Given the increasing prevalence of childhood obesity, both 
globally and in Denmark [19, 20], more knowledge about the 
association between OSA and obesity is important.

We conducted a clinical prospective pragmatic epidemio-
logical study in a Danish population, using a type 3 port-
able sleep monitor for sleep examinations, to investigate the 
prevalence of OSA in children referred to an obesity treat-
ment clinic and compared them with a normal-weight group 
of children. We hypothesized that OSA was more prevalent 
in children with overweight/obesity, and that the Body Mass 
Index Standard Deviation Score (BMI SDS) was associated 
with the Apnea–Hypopnea Index (AHI).

Methods

Design and study population

In this cross-sectional study, children and adolescents 
with overweight/obesity were recruited at enrolment in the 
chronic care multidisciplinary treatment program at the 
Children’s Obesity Clinic, Department of Pediatrics, Hol-
bæk University Hospital, Denmark, from June 2015 to June 
2016. All newly referred children and adolescents who were 
eligible according to the inclusion and exclusion criteria 
were offered participation in the period. The two inclusion 
criteria for the overweight/obese group were age 7–18 years; 
and a BMI SDS > 1.28 corresponding to the 90th percen-
tile according to a Danish age- and sex-adjusted reference 
[21]. For sub-group analysis obesity was defined as a BMI 
SDS > 2.33 (corresponding to the 99th percentile [21]). The 
normal-weight group was recruited from different schools 
on Zealand in Denmark. The 2 inclusion criteria for the nor-
mal-weight group were age 7–18 years; and − 1.28 < BMI 
SDS ≤ 1.28 corresponding to a BMI above the 10th percen-
tile and below the 90th percentile [21]. The exclusion crite-
ria for both groups were as follows: neuromuscular disease; 

craniofacial syndromes/abnormalities; laryngeal and/or tra-
cheal malformations.

Consultations

Clinical characteristics were obtained, including age, sex, 
height, weight, and tonsillar size. The medical history was 
registered, including self-reported asthma and self-reported 
adenotonsillar surgery. Asthma was only registered as “yes” 
if asthma medication was present on the child’s medication 
list. The children and their parents were instructed meticu-
lously in the use of the portable sleep monitor.

Anthropometry

Height was measured to the nearest millimeter using a sta-
diometer. Weight was measured to the nearest 100 g with 
the child wearing light indoor clothes and without shoes. 
BMI was calculated as the weight in kilograms divided by 
the square of the height in meters (kg/m2). The BMI SDS 
was estimated using the LMS method (LMS refers to three 
smooth age-specific curves called L (lambda), M (mu), and 
S (sigma) [22]) based on Danish references [21].

Tonsillar hypertrophy

The tonsillar size was clinically assessed and graded from 
0 to 4 using the scheme proposed by Brodsky et al. [23]. 
Tonsillar hypertrophy was defined as a Brodsky score > 2. 
The assessment was performed by the same medical doctor 
throughout the study period.

Sleep examinations

Sleep assessments were performed for one night using the 
Nox T3 device. The device is a type 3 sleep monitor measur-
ing airflow via a nasal cannula; respiratory effort via chest 
and abdominal belts; body position and activity via an inte-
grated accelerometer; and pulse and oxygen saturation via 
an oximeter. All sleep examinations were analyzed manu-
ally by the same registered polysomnographic technolo-
gist (RPSGT) according to the pediatric respiratory rules 
defined by the American Academy of Sleep Medicine [24]. 
The RPSGT was blinded to the BMI SDS of the children.

Apneas were identified if there was a ≥ 90% drop in air-
flow for the duration of at least two breaths. Obstructive 
apneas were defined as apneas associated with respiratory 
effort throughout the entire period of the event. Mixed apneas 
were defined as apneas with absent respiratory effort during 
one portion of the event and presence of respiratory effort 
in another portion of the event. Hypopneas were identified 
if there was a ≥ 30% drop in airflow for the duration of at 
least two breaths associated with a ≥ 3% oxygen desaturation. 
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The AHI was defined as the average number of obstructive 
apneas, mixed apneas, and hypopneas per hour of sleep [i.e., 
the sum of the Obstructive Apnea Index (OAI), the Mixed 
Apnea Index (MAI), and the Hypopnea Index (HI)] [25]. Cen-
tral apneas, defined as apneas with absent respiratory effort, 
were not included in the AHI [25]. The Oxygen Desaturation 
Index (ODI) was defined as the average number of oxygen 
desaturations ≥ 4% per hour of sleep.

Sleep time was estimated as the total recording time minus 
the episodes of signal artifacts. Only sleep examinations con-
taining ≥ 3.75 h of sleep with a signal quality ≥ 90% were 
considered eligible for analysis. OSA was defined as AHI ≥ 2. 
Mild OSA was defined as 2 ≤ AHI < 5, moderate OSA was 
defined as 5 ≤ AHI < 10, and severe OSA was defined as 
AHI ≥ 10.

Children with overweight/obesity used the sleep monitor 
during admission to the obesity clinic, while children in the 
normal-weight group, due to practical circumstances, used the 
sleep monitor at home. Both groups of children performed the 
sleep examination at night.

Statistics

Descriptive characteristics across groups were compared using 
Chi square test or Fisher’s exact test for categorical variables 
and Mann–Whitney test for continuous variables. The preva-
lence of OSA in the groups was compared using Chi square 
test and further described with a relative risk estimate.

A logistic regression model was used to assess the relation 
between BMI SDS and OSA adjusting for age, sex, tonsil-
lar hypertrophy, and self-reported asthma with medication.

A generalized linear regression, in the negative binomial 
distribution using log(sleep time) as offset, was performed to 
describe the association between BMI SDS and AHI, adjust-
ing for age, sex, tonsillar hypertrophy, and self-reported 
asthma with medication. The same model was used to esti-
mate the difference in AHI between the overweight/obese 
group and the normal-weight group.

The size of the normal-weight group was calculated a 
priori based on an expected OSA prevalence of 10% in the 
normal-weight group and of 45% in the overweight/obese 
group, power = 0.8, and alfa = 0.05.

The p-values reported are two-tailed and alpha was set at 
0.05 for statistical significance. Statistics were performed in 
SAS Enterprise Guide version 7.1. Graphics were created in 
GraphPad Prism version 7.04.

Results

During the study period, 280 children and adolescents aged 
7–18 years with a BMI SDS > 1.28 entered obesity treatment 
of which 5 fulfilled one of the exclusion criteria and 69 did 

not wish to participate (Fig. 1). The final analysis included 
139 children and adolescents with overweight/obesity. There 
was no significant difference in age, sex, and BMI SDS 
between children who did not wish to participate (n = 69) 
and children who were initially included (n = 206). Children 
with unsuccessful sleep examinations (n = 67) were signifi-
cantly younger than children with successful sleep examina-
tions (n = 139) (median age 11.4 vs. 12.4 years, p = 0.02), 
but there was no difference with regard to sex or BMI SDS.

A total of 36 children and adolescents aged 7–18 years 
with − 1.28 < BMI SDS ≤ 1.28 volunteered to participate in 
the normal-weight group. None of these children fulfilled 
any of the exclusion criteria, but 3 were not included in the 
final analysis because of inadequate signal quality/sleep 
time < 3.75 h.

None of the children in any of the groups reported known 
sleep disorders at the time of inclusion in the study.

Comparison of children 
with and without overweight/obesity

Demographic and anthropometric characteristics of the 
groups are presented in Table 1. By design, the groups 
differed significantly in BMI SDS (median 3.02 vs. 0.44, 
p = 0.0001).

Sleep parameters are presented in Table 1. AHI, HI, MAI, 
and ODI were significantly higher in children with over-
weight/obesity, whereas the sleep time and the oxygen satu-
ration were significantly lower compared with the normal-
weight group.

The OSA prevalence in children with overweight/obesity 
was 44.6% compared with 9.1% in the normal-weight group 
(p = 0.0002), and the relative risk of OSA was 4.9 [95% con-
fidence interval (CI) 1.6–14.7]. The prevalence of OSA in 
the groups, using different AHI cutoff values for defining 
OSA, is shown in Table 1.

Mild OSA was the most common form of OSA occurring 
in 32% of the children with overweight/obesity and in 3% of 
the children in the normal-weight group (p = 0.0008). The 
distribution of the OSA severity in each group is illustrated 
in Fig. 2.

The median AHI of children with OSA and overweight/
obesity (n = 62) was 3.3 (interquartile range 2.7–5.7). In this 
group, hypopneas represented 84% of all respiratory events; 
obstructive apneas accounted for 14%; and mixed apneas for 
1% of all respiratory events.

Risk of OSA

Results from the logistic regression analysis, including a 
total of 172 children, are shown in Table 2. Increasing BMI 
SDS significantly increased the risk of OSA independently 



874	 European Archives of Oto-Rhino-Laryngology (2019) 276:871–878

1 3

of age, sex, tonsillar hypertrophy, and self-reported asthma 
with medication [adjusted odds ratio (OR) 1.92, p = 0.0005].

As evident from Table 2, age also significantly increased 
the risk of OSA (adjusted OR 1.25, p = 0.0008). Sex, tonsil-
lar hypertrophy, and self-reported asthma with medication 
were not related to the risk of OSA in the analysis (Table 2).

Association between BMI SDS and AHI

The scatter plot with a simple linear regression line (Fig. 3) 
illustrates a positive relation between BMI SDS and AHI.

A generalized linear regression analysis on a total of 172 
children was performed to describe the association between 
BMI SDS and AHI, adjusting for age, sex, tonsillar hypertro-
phy, and self-reported asthma with medication. An increase 
in the BMI SDS of one unit equaled an average increase in 
the AHI of 35% (95% CI 19–53%, p < 0.0001).

Including only the group with overweight/obesity 
(n = 139) in the analysis, the result was still significant after 
adjusting for the same variables [i.e., an increase in the BMI 
SDS of one unit equaled an average increase in the AHI of 
57% (95% CI 10–123%, p = 0.01)].

Average difference in AHI between groups

To estimate the average difference in AHI between the 
groups, a generalized linear regression analysis was 

performed, adjusting for age, sex, tonsillar hypertrophy, and 
self-reported asthma with medication. On average, the AHI 
was 3.2 times higher in children with overweight/obesity 
compared with children in the normal-weight group (95% 
CI 2.1–5.0, p < 0.0001).

Additional analyses: sleep time

Because sleep time was significantly shorter in children with 
overweight/obesity (Table 1), the results were verified by 
controlling for sleep time as a possible confounder in the 
logistic regression analysis and in the generalized linear 
regression models. Controlling for sleep time did not change 
the results of any of the analyses, and sleep time was not 
associated with the risk of OSA.

Discussion

In this cross-sectional study, we found that the prevalence 
of OSA in children and adolescents referred for obe-
sity treatment was significantly higher compared with a 
normal-weight group of children (44.6% vs. 9.1%). The 
result is consistent with similar studies [16, 18]. However, 
a direct comparison with other studies is difficult due to 
the inconsistency in the definition of respiratory events 
included in the AHI and because there is no consensus 

Fig. 1   Flow chart demonstrating 
the inclusion of children and 
adolescents in the study

280 children aged 7-18 years with BMI 
SDS >1.28 were enrolled in treatment from 

June 1st 2015 to June 23rd 2016 

206 children were initially included

139 children had a successful sleep 
examination

These children were included in the final 
analysis together with a normal-weight 

group of children (n=33)

74 children were not included because they:

1. Fulfilled exclusion criteria (n=5)

2. Did not wish to participate (n=69)

67 children had an unsuccessful sleep 
examination (sleep time <3.75 hours and/or 

signal quality<90%)
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regarding the AHI cutoff value defining OSA. Moreover, 
the definition of overweight/obesity varies between stud-
ies. We chose to define OSA as AHI ≥ 2 because this is 
the most commonly used definition [26]. With an AHI 
cutoff value ≥ 5 we could not detect a statistically signifi-
cant difference in the OSA prevalence. This is possibly 
explained by the fact that our study population in general 
demonstrated mild OSA.

Children with overweight/obesity had significantly higher 
AHI, HI, MAI, and ODI compared with children in the nor-
mal-weight group. Overall the OAI accounted for a relatively 
small percentage of the AHI, which might explain why we 
could not detect a statistically significant difference in OAI 
between the groups.

In accordance with our hypothesis, the generalized lin-
ear regression showed an association between BMI SDS 
and AHI. This is supported by Xu et al. [17] and Kohler 
et al. [27]. The finding indicates that weight reduction is 
seemingly important in the treatment of OSA in children 
and adolescents with overweight/obesity. Few studies have 
investigated the impact of weight-loss intervention on OSA 

in children and adolescents, but the existing studies indicate 
that the AHI is reduced during obesity treatment [6–8].

The relation between BMI SDS and OSA was confirmed 
in the logistic regression analysis. In line with some other 
studies [15, 16, 18], the model demonstrated that increasing 
BMI SDS significantly increased the risk of having OSA. 
In both the generalized linear regression and in the logistic 
regression we chose to adjust for possible confounders such 
as sex, age, tonsillar hypertrophy, and self-reported asthma 
with medication.

Interestingly, we found that older age increased the risk of 
OSA. The reason for this finding is not completely clear. A 
likely explanation is the developmental changes in the upper 
airway. For instance, the upper airway neuromuscular tone 
is reported to decrease with age [28] possibly impacting on 
the collapsibility of the upper airway during sleep.

In our analysis, tonsillar hypertrophy was not identified 
as a significant independent risk factor for OSA. Su et al. 
[18] compared risk factors for OSA in pre-school chil-
dren with school-aged children, and they found that ade-
notonsillar hypertrophy was a risk factor for OSA in only 

Table 1   Demographic, 
anthropometric, and sleep 
parameters in 139 children and 
adolescents with overweight/
obesity and in 33 children and 
adolescents with normal weight

For continuous variables data are presented with medians and interquartile ranges
Bold values indicate p < 0.05
BMI SDS Body Mass Index Standard Deviation Score, AHI Apnea–Hypopnea Index, HI Hypopnea Index, 
OAI Obstructive Apnea Index, MAI Mixed Apnea Index, ODI Oxygen Desaturation Index
a One did not know the answer
b Two did not know the answer

Overweight or obesity 
(n = 139)

Normal weight (n = 33) p-Value

Demographic/anthropometric parameters
 Male, n (%) 59/139 (42.5) 12/33 (36.4) 0.52
 Age, years 12.3 (10.2–14.5) 11.8 (10.5–13.3) 0.38
 Caucasians, n (%) 113/139 (81.3) 30/33 (90.9) 0.18
 BMI SDS 3.02 (2.49–3.28) 0.44 (− 0.53 to 0.72) < 0.0001
 BMI SDS > 2.33, n (%) 116/139 (83.5) 0/33 (0) < 0.0001
 Tonsillar hypertrophy, n (%) 21/139 (15.1) 2/33 (6.1) 0.26
 Tonsillectomy, n (%) 14/138a (10.1) 1/33 (3.0) 0.31
 Adenoidectomy, n (%) 18/137b (13.1) 2/32a (6.3) 0.37
 Asthma, n (%) 16/139 (11.5) 2/33 (6.1) 0.53

Sleep parameters
 AHI, events/hour 1.6 (0.8–3.2) 0.5 (0.2–0.8) < 0.0001
 HI, events/hour 1.5 (0.7–2.7) 0.4 (0.2–0.8) < 0.0001
 OAI, events/hour 0.0 (0.0–0.2) 0.0 (0.0–0.1) 0.07
 MAI, events/hour 0.0 (0.0–0.1) 0.0 (0.0–0.0) 0.01
 Sleep time, hours 7.7 (6.1–8.5) 8.6 (7.0 − 9.1) 0.009
 Oxygen saturation 95.5 (94.4–96.1) 95.7 (95.3–96.7) 0.04
 ODI, events/hour 1.6 (0.9–2.7) 1.0 (0.5–1.5) 0.003
 AHI ≥ 1, n (%) 96/139 (69.1) 8/33 (24.2) < 0.0001
 AHI ≥ 2, n (%) 62/139 (44.6) 3/33 (9.1) 0.0002
 AHI ≥ 5, n (%) 18/139 (13.0) 2/33 (6.1) 0.27
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pre-school children. In this study, all children were school-
aged (7–18 years). Moreover, only 13% of the children had 
tonsillar hypertrophy, and none of the children had a ton-
sillar grade > 3. Therefore, it seems plausible that tonsillar 
hypertrophy was not a major risk factor for OSA in our study 
population.

We assessed the tonsillar size clinically by the Brodsky 
scale, and to prevent inter-observer variability the same 
medical doctor assessed the tonsils throughout the entire 
study period. The use of fiber endoscopy or magnetic reso-
nance imaging could provide a more accurate measure of 
both the adenoids and the tonsils and should be considered 
in future studies.

There is some evidence that asthma is associated with 
OSA [12, 13]. The relation between asthma and OSA has 
not been fully understood, but airway inflammation and noc-
turnal bronchoconstriction may predispose to the increased 
risk of OSA [13]. In this study, presence of self-reported 
asthma with medication did not significantly increase the 
risk of OSA. However, further studies are required in larger 
populations of children with a diagnosis of asthma to more 
meticulously investigate the link between asthma and OSA.

African-American ethnicity and Asian ethnicity are 
reported as possible risk factor for OSA [11–13, 29]. Our 
study population consisted primarily of Caucasians, and the 
majority of the remaining children were of Middle-Eastern 
origin. Adjusting for ethnicity (Caucasian yes vs. no) did not 
change the results of our analyses.

Sleep time was significantly shorter in children with obe-
sity compared with the normal-weight group. This may be 
due to the fact that the medical staff woke the children in 
the obesity clinic up in the morning to participate in other 
investigations as part of their medical evaluation. We took 
this into account by adjusting for sleep time in the addi-
tional analyses. This did not change the results of the logis-
tic regression analysis or the generalized linear regression 
models.

The study has some limitations. First, 33% of the children 
and adolescents with overweight/obesity had an unsuccess-
ful sleep examination. This could have introduced a degree 
of selection bias which could potentially affect the preva-
lence and severity of OSA. These children were significantly 
younger than children with successful sleep examinations, 
reflecting that younger children had more difficulties sleep-
ing with portable sleep monitor. However, they did not differ 
significantly in sex or BMI SDS.

55%
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Fig. 2   Diagram showing the distribution of the severity of obstruc-
tive sleep apnea (OSA) in children and adolescents with overweight/
obesity (n = 139) and in children and adolescents with normal weight 
(n = 33)

Table 2   Logistic regression analysis including a total of 172 children 
and adolescents with and without overweight/obesity assessing the 
risk of OSA in relation to different independent variables

Bold values indicate p < 0.05
BMI SDS Body Mass Index Standard Deviation Score, OR odds ratio, 
CI confidence intervals

Independent variables Adjusted OR 95% CI p-Value

BMI SDS, one-unit increase 1.92 1.33–2.76 0.0005
Age, one-year increase 1.25 1.10–1.42 0.0008
Sex, male vs. female 0.85 0.41–1.75 0.66
Tonsillar hypertrophy, grade > 2 

vs. grade ≤ 2
2.39 0.90–6.37 0.08

Self-reported asthma, yes vs. no 0.51 0.16–1.69 0.27
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Fig. 3   Scatter plot with a simple linear regression line illustrating the 
relation between Body Mass Index Standard Deviation Score (BMI 
SDS) and the Apnea–Hypopnea Index (AHI) in 172 children and 
adolescents with and without obesity
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Second, the children with overweight/obesity used the port-
able sleep monitor during admission to the obesity clinic while 
the normal-weight group used the device at home. Whether or 
not this has had any impact on the AHI is unknown. Sleeping 
in an unfamiliar environment can contribute to the so-called 
first-night effect, characterized by reduced sleep quality in 
individuals sleeping with polysomnography (PSG) for two or 
more consecutive nights. However, Scholle et al. investigated 
the first-night effect in children, and they found no night-to-
night variability in the respiratory parameters such as the AHI 
[30].

Third, the generalizability of the normal-weight group to 
the general pediatric population may be questioned. However, 
none of the children included in this group were known with 
sleep disturbances before inclusion in the study and none of 
them were overweight. We have therefore no reason to believe 
that the children in this group were biased due to selection.

In this study, we chose a pragmatic approach using the 
Nox T3, reflecting that portable sleep monitoring is often the 
realistic first choice because of the costs and inaccessibility 
PSG. The Nox T3 device has demonstrated good measure-
ment agreement compared with PSG in adults [31]. Similar 
type 3 sleep monitors, with the same number of channels, 
have been validated in children, and a recent meta-analysis 
by Certal et al. concluded that unattended sleep studies, 
including type 3 devices, are generally valid tools for pre-
dicting both the presence and the severity of OSA in children 
(pooled area under the curve = 0.88) [32]. According to the 
most recent European Respiratory Society Statement, on the 
diagnosis and management of obstructive sleep-disordered 
breathing in children, unattended sleep studies may be used 
as an alternative tool for diagnosing OSA if PSG is not 
available [33]. To avoid inter-observer variability all sleep 
examinations were analyzed manually by the same RPSGT. 
Because we did not perform full PSG, information about 
arousals was not acquired. This could potentially result in 
underestimation of hypopneas. Furthermore, full PSG gives 
information about sleep architecture, providing a more accu-
rate detection of the total sleep time.

The primary strength of this study is that we focused on 
children referred to an obesity treatment clinic and not on 
symptomatic children referred to a sleep clinic for suspected 
OSA. Furthermore, it was a strength that we compared the 
OSA prevalence with a normal-weight group of children and 
that the study population was relatively large in comparison 
with prior studies.

Conclusions

In conclusion, our study supports our hypothesis that the 
prevalence of OSA in children and adolescents with over-
weight/obesity referred to an obesity treatment clinic is 

significantly higher compared with children in a normal-
weight group and that there is an association between 
increased BMI SDS and increased AHI.
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