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Abstract
The relationship between body weight status and obstructive sleep apnea 

(OSA) in children is an interesting issue. As the sleep parameters of overnight 
polysomnography (PSG) may show a disparity in different weight statuses. The 
surgical outcomes might also be different in children with different weight status. 
Therefore, we described how body weight impacts on surgical outcomes, as well 
as how surgery impacts on shifting of body weight status in children with OSA.
The core messages for this chapter were:
1. Obese children had a significantly higher apnea-hypopnea index (AHI), 

obstructive apnea index and lower minimum oxygen saturation (MinSaO2) 
than the others.

2.  The relative risk of having OSA was significantly higher in obese children 
than in those with a normal weight.

3.  Significant improvements in AHI and MinSaO2 were observed in all children 
with different weight status following adenotonsillectomy. 

4.  Obese children had higher incidence of residual OSA (AHI>1) post-
operatively than all the other weight status.

5.  Underweight children showed prominent weight gains and shifted to normal 
weight status within 6 months following adenotonsillectomy (T&A).

Introduction
Obesity among children has received considerable interest in recent years. 

The prevalence of obesity among children in the past years is continuously rising 
and has reached epidemic proportions. According to the data from the National 
Health and Nutrition Examination Survey (1976-1980 and 2003-2006) have 
shown that the prevalence of o=besity in children increased from 5.0% to 17.0% 
in all age groups.1, 2, 3 Even as the epidemic of childhood obesity becomes a global 
problem4, its cause is not completely understood. Nevertheless, pediatric obesity is 
associated with an increased incidence of various morbidities, including diabetes 
mellitus, hyperlipidemia, liver and renal disease, reproductive dysfunction, as 
well as obstructive sleep apnea.5, 6 

Obstructive sleep apnea syndrome in children is characterized by recurrent 
periods of elevated upper airway resistance with partial or complete intermittent 
obstruction of the upper airway during sleep, and usually accompanied by snoring, 
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episodic oxyhemoglobin desatuation, hypercapnia, and repeated arousals. It 
includes a spectrum of respiratory disorders characterized by upper airway 
collapse during sleep.7 The diagnosis is based on clinical suspicion, history, and 
physical examinations.8 Therefore, basic data, clinical symptoms, and physical 
examination should be recorded. Lateral cephalometric radiographs should be 
administered to determine adenoid size.9 The tonsils are graded according to the 
scheme proposed by Brodsky et al.10

Polysomnography is recommended as the gold standard for establishing 
the presence and severity of OSA in children.11 Although the usual anatomic 
factors contributing to OSA are adenotonsillar hypertrophy and craniofacial 
anomalies, the pathophysiology of pediatric OSA remains unclear.12 Additionally, 
the correlation between weight status and OSA in children has not been well 
clarified. Child obesity increases the risk of OSA,13 while children with OSA 
are reported to have delayed growth and impaired weight gain.14 Recent studies 
suggest that neuromotor factors also play a role in upper airway collapse during 
sleep.15 The typical physical examinations of a child with OSA vary. Although 
children with OSA usually have large tonsils and adenoids,10 non-obese children 
without adenohypertrophy do not exclude OSA. OSA in children with a low-
body weight has also not been well studied. Therefore, this chapter try to closely 
demonstrated (1) how weight status and severity of pediatric OSA are related 
and (2) the surgical outcomes for the treatment of OSA in children with different 
weight status (3) the shifts of body weight status following adenotonsillectomy 
in children with OSA.
Definitions
Body weight status

Height (to 0.1 cm) was measured with a stadiometer (Cambridge, MD). 
Weight was measured to the nearest 0.1 kg using a calibrated scale. The age and 
gender corrected body mass index (BMI) was applied for each children by using 
established guidelines. The children were divided into the following four groups: 
underweight (BMI less than or equal to the 5th percentile); normal weight (BMI 
higher than the 5th percentile but less than the 85th); overweight (BMI higher then 
the 85th percentile but less than the 95th); obese (BMI higher than the 95th).16

Polysomnography (PSG)
Full-night PSG (Embla N7000, Medcare Flaga, Reykjavik, Ice Land) was 

performed in the sleep lab following the protocol as the previously described.17 
The sleep stage and respiratory event was scored according to the American 
Academy of Sleep Medicine standard. 18 Briefly, apnea was defined as ³90% 
decrease in airflow and hypopnea was a ³50% decrease in airflow associated with 
reduced arterial oxygen saturation in ³3% or an arousal for duration of ³ 2 breaths. 
The oxygen desaturation index (ODI) was defined as the amount of reduction in 
arterial oxygen saturation (SaO2) in 4% per hour. All of the sleep studies were 
analyzed by the same investigator to maximize inter- and intra-scorer reliability. 
The diagnosis of pediatric OSA was defined as presence of apnea/hypopnea index 
(AHI) more than 1 event per hour in the overnight polysomnographic studies. 
While residual OSA was also defined as AHI>1 following adenotonsillectomy.19, 20
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Tonsillar size
Tonsils were graded based on the scheme proposed by Brodsky10: Grade 

I: small tonsils confined to the tonsillar pillars; grade II: tonsils that extend just 
outside the pillars; grade III: tonsils that extend outside the pillars, but do not 
meet in the midline; grade IV: large tonsils that meet in the midline. Tonsillar 
hypertrophy was defined as grade III or above.
Adenoid size

Adenoid hypertrophy was defined by measuring the adenoidal/
nasopharyngeal (A/N) ratio on lateral cephalometric radiographs. The A/N ratio 
was defined as the ratio of adenoidal depths to the nasopharyngeal diameter.21 An 
A/N ratio higher than 0.67 was considered adenoid hypertrophy.9
Adenotonsillectomy (T&A)

Tonsillectomy was performed by coblation method and adenoidectomy 
was performed by microdebrider-assisted technique. All surgical procedures 
were performed in single stage under general anesthesia with four to five days 
hospitalization.
Body weight status and OSA22

Obese children had a significantly higher AHI and obstructive apnea index 
than the other three groups. Obese children also had the lowest MinSaO2, which 
was significantly lower than under-weight and normal weight children, but not 
the over-weight group. Under-weight children also had a higher AHI than the 
normal weight group did. However, four groups did not differ with respect to age, 
central apnea index, mixed apnea index, total sleep time, sleep efficiency, rapid 
eye movement (REM) sleep and arousal index.

AHI and MinSaO2 were diagnostic sleep parameters in pediatric sleep 
apnea. A negative correlation was found between BMI z scores and MinSaO2, 
none was found between BMI z scores and AHI or log AHI. 

Thus, obesity, underweight status and tonsillar hypertrophy remain the 
major risk factors among children with pediatric OSA, while obese children have 
a higher risk than in underweight children in the same population.
Surgical outcomes of OSA in different body weight status23

Post adenotonsillectomy (T&A) sleep studies documented significant 
improvements in AHI, hypopnea index, average oxygen saturation, minimum 
oxygen saturation, and arousal index in all four groups. In addition, obstructive 
index showed significant improvement in underweight, normal weight, and obese 
children, whereas average oxygen saturation significant improved in normal 
weight, overweight, and obese children.

After T&A, about half of the children had residual OSA (defined as AHI>1). 
Residual OSA in underweight, normal weight, overweight and obese group 
were 33.3%, 44.3, 40.9%, and 75%, respectively. Consequently, obese children 
had significantly higher incidence of residual OSA after T&A. Residual OSA 
in underweight, normal weight and overweight children were not significantly 
differed from each other.
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Shift of body weight status following T&A23

Shift of body weight status following T&A were noted. Within 6 months 
follow-up period, the most remarkable change was 54% of underweight children 
shifted to normal weight status. Besides, normal weight group had 9% shifted to 
overweight status and 4% shifted to underweight status. Overweight group had 
27% shifted to obese and 14% shifted to normal weight status. Interesting, most 
obese children (92%) remained obesity following T&A, with only 8% shifted  
to overweight.
Discussion

As is widely recognized, pediatric obstructive sleep apnea is a likely cause of 
significant morbidity among children.24 Many clinical characteristics of pediatric 
OSA differ from those of adult OSA. Major risk factors of obstructive sleep apnea 
in an adult population include male gender and obesity. However, the risk factors 
of pediatric obstructive sleep apnea differ and still under debate. Although the 
exact mechanisms are unknown, differences in obesity, upper airway anatomy, 
breathing control, hormones, and aging are all assumed to play a role.25 

The correlation between obesity and risk of obstructive sleep apnea has been 
described repeatedly in studies on adults, while results conducted in pediatric 
populations have been conflicting.13,26,27 The main difficulty is how the weight 
status is identified. The standard for defining weight status among children is 
generally considered to be body mass index (BMI; weight/height2 [kg/m2]). The 
normal distribution of BMI across a pediatric population varies with age and 
gender.29 Therefore, measurement of BMI must be normed on age- and gender- 
specific growth charts by established guidelines in different races and countries. 
While some studies found that obesity or being overweight increases the risk for 
pediatric OSA,  others found a somewhat higher prevalence of the disease in the 
heavier group but differences were statistically insignificant.26, 27 Also, literature 
review revealed that overweight or underweight children and how impacts 
pediatric sleep apnea have not been tested properly or thoroughly examined. 

Therefore, we believe that two distinct body weight statuses of obstructive 
sleep apnea exist in children, one associated with morbid obesity or increased 
weight gain, and the other consequential with underweight status or poor weight 
gain, even failure to thrive owing to the over-consumption of energy during sleep.
Conclusions

The body weight status of children that are obese or underweight was signifi-
cantly associated with obstructive sleep apnea syndrome. Adenotonsillar hypertro-
phy significantly contributes to pediatric OSA, rather than adenoid hypertrophy 
alone.	 Those	 children	with	 an	AHI≥	 in	 polysomnography	 studies	 should	 be	 of	
priority  concern as higher comorbidities and clinical symptoms are noted. 

Surgical treatment with adenotonsillectomy is the first choice for children 
with OSA. The treatment outcomes of OSA in children with underweight, normal 
weight and overweight weight status are satisfactory. The post-operative body 
weight status shifts are noted in children with OSA, notably in children with 
underweight status. However, most obese children have residual OSA following 
T&A that warrant additional therapeutic strategies postoperatively. 
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