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Introduction: The association between body fat composition 
as measured by dual energy x-ray absorptiometry (DEXA) 
scanning and pediatric sleep related breathing disorder 
(SRBD) is not well established. We investigated the relationship 
between body mass index (BMI) and DEXA parameters and 
their association with SRBD in obese children.
Patients and Methods: Overnight polysomnography was 
performed on obese/overweight children (10–17 years) with 
habitual snoring. Total body fat mass (g), trunk fat mass (g), 
total body % fat, and trunk % fat were determined by DEXA.
Results: Forty-one subjects were studied. Logarithm (Log) 
total arousal index correlated with BMI (p < 0.01, r = 0.473), 
total body fat mass (p < 0.05, r = 0.331), and trunk fat mass 
(p < 0.05, r = 0.319). Log desaturation index correlated with 
BMI (p < 0.05, r = 0.313), total body fat mass (p < 0.05, 
r = 0.375), and trunk fat mass (p < 0.05, r = 0.391), whereas 
obstructive apnea hypopnea index (OAHI) did not. In males 
10–12 years, there was a signifi cant correlation between Log 
total arousal index and obesity parameters, but not for males 

aged 13–17 years. BMI correlated with DEXA parameters in 
all subjects: total body fat mass (p < 0.001, r = 0.850); total 
body % fat (p < 0.01, r = 0.425); trunk fat mass (p < 0.001, 
r = 0.792) and trunk % fat (p < 0.05, r = 0.318) and in 10–12 
year old males. This relationship was not signifi cant in males 
aged 13–17 years.
Conclusions: Total body fat mass and trunk fat mass as well 
as BMI correlated with total arousal index and desaturation 
index. BMI correlated with DEXA parameters in 10–12 year 
old males but not in 13–17 year old males. The value of using 
DEXA scanning to study the relationship between obesity and 
SRBD may depend on age and pubertal stage.
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Sleep related breathing disorder (SRBD) is common in over-
weight and obese children.1,2 In the pediatric age group, it 

has been associated with signifi cant metabolic and autonomic 
dysfunction.3–5 In children obesity has been shown to be an 
independent risk factor for snoring and obstructive sleep apnea 
(OSA).6,7 The literature also provides evidence regarding the 
predictors of SRBD in obese children.8

In adults, studies have shown a strong correlation between 
central adiposity and OSA.9 Regional fat distribution, as repre-
sented by waist circumference, waist to hip ratio, or percent fat 
mass correlates with SRBD in obese children.1 Carotenuto et 
al. suggested that waist circumference is a better predictor of 
SRBD than body mass index (BMI) in obese children.10 Thus, 
distribution of body fat mass may be more important in pre-
dicting SRBD than BMI alone.

Dual energy x-ray absorptiometry-measured mass (DEXA) 
allows accurate quantifi cation of fat and its distribution com-
pared to BMI. None of the above pediatric studies, however, 
employed DEXA analysis to assess regional fat distribution. 
Simpson et al. reported that the obstructive apnea-hypopnea 
index (OAHI) was best predicted by a combination of DEXA 
and traditional anthropometric measurements in adults.11 In 
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BRIEF SUMMARY
Current Knowledge/Study Rationale: In adults, studies have shown 
a strong correlation between body fat composition (utilizing DEXA 
scans) and OSA. Similar studies utilizing DEXA scans to assess body 
fat composition as a predictor of pediatric SRBD are lacking.
Study Impact: This study showed that total body fat mass and trunk fat 
mass, as measured on DEXA scanning, as well as BMI, were associ-
ated with total arousal index and desaturation index in obese children. 
BMI also correlated with DEXA parameters in these children. However, 
both relationships were infl uenced by age.

SCIENTIFIC INVESTIGATIONS

this study, we investigated the relationship between BMI and 
DEXA parameters as well their relationship with SRBD in 
obese/overweight children.

METHODS

Subjects
Forty-one obese/overweight (32 males, 38 obese and 3 

overweight) otherwise healthy subjects (10–17 years old) with 
habitual snoring were recruited from patients referred to the 
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Children’s Hospital Los Angeles Sleep Laboratory for symp-
toms or signs of SRBD. Habitual snoring was defined ≥ 3 
nights of snoring per week as per parent report. Exclusion cri-
teria included a history of cardiac disease, lung disease other 
than mild intermittent asthma, type 2 diabetes mellitus, sys-
temic hypertension requiring the use of antihypertensive med-
ications, or use of stimulant medications for attention deficit 
hyperactivity disorder. In addition, subjects using positive air-
way pressure therapy or supplemental oxygen were excluded. 
To adjust for age and gender we further classified males into 
2 groups: 10–12 years and 13–17 years of age. The number 
of female subjects was insufficient for an age group analysis. 
Age was considered a surrogate for puberty. The Children’s 
Hospital Los Angeles institutional review board approved the 
study, and written informed consent/assent was obtained from 
all subjects and their parents as appropriate.

Obesity Parameters
Each subject’s weight was measured to the nearest 0.1 kg 

with a digital scale. Height was measured to the nearest centi-
meter with a wall-mounted stadiometer. BMI was calculated as 
weight/height2 (kg/m2), compared with standard reference val-
ues and expressed as a percentile for age/gender.12 Overweight 
was defined as a BMI ≥ 85th percentile but < 95th percentile 
for children of the same age and sex. Obesity was defined as 
a BMI ≥ 95th percentile for children of the same age and sex. 
Total body fat mass (g), trunk fat mass (g; abdominal and tho-
racic fat combined), total body % fat, and trunk % fat were 
determined from DEXA scanning using a Hologic QDR-4500 
Delphi W scanner (Hologic Inc., Bedford, MA).

Polysomnography
Overnight polysomnography was performed on all sub-

jects within 6 months of the DEXA scanning. Surface 
electrodes were connected to subjects to monitor electrocar-
diogram, chin electromyogram, electroencephalogram, and 
electro-oculogram. Respiratory inductance plethysmography 
of the chest and abdomen and pulse oximetry were recorded. 
Expired carbon dioxide tension was measured continuously 
with a sampling catheter placed on the nose and mouth. A 
nasal-oral thermistor was used to evaluate combined airflow. 
Studies were scored by 2 investigators arriving at consensus. 
Both investigators were blinded to the measures of adipos-
ity. Raw data were scored according to criteria established 
by the American Academy of Sleep Medicine.13,14 OAHI was 
calculated based on the combined number of obstructive ap-
neas, mixed apneas, and hypopneas per hour of sleep. The 

total arousal index (spontaneous, movement, or respiratory), 
a measure of sleep fragmentation, was calculated based on 
the total number of arousals per hour of sleep. Awakenings 
were also included in the arousal index. The desaturation in-
dex was calculated based on the total number of episodes of 
oxygen desaturation (≥ 3% drop in peripheral capillary oxy-
hemoglobin saturation as measured by pulse oximetry; SpO2 
from baseline) per hour of sleep. The lowest value of SpO2 
(SpO2 nadir) was also recorded. Any drop in SpO2 caused by 
artifact was eliminated based on loss of a robust pulse wave 
form.

Statistical Analysis
All polysomnographic and obesity parameters were first 

checked for normality. The parameters that were not normally 
distributed were logarithm (Log) transformed to normalize the 
distribution. The variables were summarized as mean plus or 
minus the standard deviation (SD) with the range disclosed. 
Each polysomnographic index was tested for correlation (Pear-
son product moment correlation coefficient) with every obesity 
parameter. Obesity parameters, DEXA and BMI were also 
correlated with each other. Initially, the analysis was calcu-
lated for all subjects. Further correlations were done in males, 
females, and subgroups of males based on age. A p value < 0.05 
was considered to be statistically significant.

RESULTS

Forty-one subjects (32 males; age = 12.8 ± 2.0 years 
(mean ± SD) (age range = 10.2–17.8 years) participated. Sleep 
and obesity parameters are listed in Tables 1 and 2. All partici-
pants were obese with the exception of three overweight sub-
jects. The mean BMI was 33.3 ± 7.3 kg/m2 (range 23.0–52.9). 
Table 1 also shows considerable variability in the DEXA pa-
rameters across subjects.

Polysomnography results (Table 2) revealed a mean OAHI 
of 6.0 ± 10.2 events/h with the range of 0.2–61.8 underscoring 
a wide variability in severity across the subjects. The mean 
desaturation index was 10.6 ± 13.2 events/h, ranging from 0 

Table 1—Obesity parameters for all the subjects (n = 41).
Variables Mean ± SD Range

BMI (kg/m2) 33.3 ± 7.3 23.0–52.9
Total body fat mass (g) 34,114.6 ± 12,311.3 16,795.6–64,546.3
Total body % fat 40.9 ± 4.7 29.9–50.0
Trunk fat mass(g) 15,286.7 ± 5,178.8 7,974.3–26,052.3
Trunk % fat 40.4 ± 4.5 30.2–46.4

SD, standard deviation.

Table 2—Polysomnography variables for all subjects (n = 41).
Variables Mean ± SD Range

Total sleep time (min) 320 ± 57.1 163–444
Sleep efficiency (%) 79.4 ± 9.9 55–97
Sleep latency (min) 22.2 ± 25.9 0–114
Stage 1 (% of total sleep time) 10.6 ± 8.5 1.8–43.9
Stage 2 (% of total sleep time) 47.5 ± 10.8 23.7–71.7
Stage 3 (% of total sleep time) 28.0 ± 9.8 1.0–44.8
Mean SpO2 (%) 95 ± 1.7 91–97
SpO2, nadir (%) 86.8 ± 7.3 52–95
Number of central apneas 3.4 ± 4.6 0–19
Total arousal index (events/h) 10.6 ± 5.9 4.1–29
OAHI (events/h) 6.0 ± 10.2 0.2–61.8
Desaturation index (events/h) 10.6 ± 13.2 0–56.6

SD, standard deviation.
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to 56.6. The mean total arousal index was 10.6 ± 5.9 events/h, 
ranging from 4.1 to 29.

Sleep Parameters vs. Obesity Parameters
Pearson correlation of the entire group revealed a signifi-

cant correlation between Log total arousal index and the obe-
sity parameters as measured by BMI, total body fat mass, and 
trunk fat mass (Table 3, Figures 1A and 2A). Log desatura-
tion index also correlated with BMI, total body fat mass, and 
trunk fat mass, whereas Log OAHI did not show a significant 

correlation. When separated by age and gender, we found that 
in 10- to 12-year-old males, the correlation between Log total 
arousal index and obesity parameters as observed for all sub-
jects remained (Table 3, Figures 1B and 2B). However, there 
was no significant relationship found in younger males when 
Log desaturation index was correlated with obesity parameters. 
Log OAHI did correlate with BMI in 10–12 year old males. In 
contrast to these younger males, there was no significant re-
lationship found between Log total arousal index and obesity 
parameters in the older males (13–17 years). In addition, Log 

Table 3—Relationship (correlation coefficient, r) between sleep and obesity parameters in all subjects, males and additional 
subsets of younger and older males.

Sleep Variables BMI (kg/m2) Total Body Fat Mass (g) Total Body % Fat Trunk Fat Mass (g) Trunk % Fat
Complete (n = 41)

Log total arousal index 0.473** 0.331* NS 0.319* NS
Log desaturation index 0.313* 0.375* NS 0.391* NS
Log OAHI NS NS NS NS NS

Males (n = 32)
Log total arousal index 0.484** NS NS NS NS
Log desaturation index 0.409* 0.490** NS 0.483** NS
Log OAHI 0.372* 0.426* NS 0.401* NS

13–17 years; Males (n = 14)
Log total arousal index NS NS NS NS NS
Log desaturation index NS NS 0.550* NS NS
Log OAHI NS NS NS NS 0.540*

10–12 years; Males (n = 18)
Log total arousal index 0.612** 0.547* NS 0.541* NS
Log desaturation index NS NS NS NS NS
Log OAHI 0.483* NS NS NS NS

**p < 0.01; *p < 0.05. NS, not significant.

Figure 1—Correlation (correlation coefficient, r) between sleep fragmentation (Log total arousal index; TAI) and BMI (kg/m2).

All subjects (A), 10- to 12-year-old males (B). Subjects are represented as filled circles.
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OAHI correlated with trunk % fat. Our study failed to iden-
tify a significant relationship between sleep measurements and 
obesity parameters in 9 female participants.

BMI vs. DEXA
As expected, the study sample demonstrated a significant 

correlation between BMI and DEXA parameters (Table 4, 
Figure 3A). However, this correlation varied across age and 
gender. In 10- to 12-year-old males, the association between 
BMI and DEXA was significant (Table 4, Figure 3B). This 
statistically significant relationship was absent in older males 
aged 13–17 years. Females did demonstrate a significant rela-
tionship between BMI and total body fat mass and trunk fat 
mass despite low numbers (n = 9).

DISCUSSION

SRBD imparts significant metabolic and autonomic implica-
tions for obese children.4,5,15,16 This study investigated whether 
DEXA scans could be used to show that a sensitive measure of 
fat mass and distribution of fat correlates with SRBD in obese/

overweight pediatric patients. We found that total body fat mass 
and trunk fat mass as measured on DEXA scanning, as well 
as BMI, were associated with total arousal index and desatura-
tion index. This relationship varied when the cohort was split 
according to age. BMI correlated with DEXA parameters in 
younger (10–12 years) but not in the older males (13–17 years).

Sleep Parameters vs. Obesity Parameters
The significant correlation between Log total arousal index 

and total body fat mass or trunk fat mass suggests increased 
sleep fragmentation occurs with increasing levels of total body 
fat mass and distribution of fat. Interestingly, subgroup analy-
sis showed that in younger males this was consistent but absent 
in older males. It may be that hormonal factors associated with 
puberty, such as an increase in muscle mass and transition to 
a more adult pattern of central obesity, affects the pathophysi-
ology of SRBD in adolescents. Sleep fragmentation has been 
shown to be associated with autonomic and metabolic dys-
function in obese children.17 We previously found that sleep 
fragmentation was associated with impaired glucose tolerance 
in obese adolescent Latino males.4

Figure 2—Correlation (correlation coefficient, r) between sleep fragmentation (Log total arousal index; TAI) and total body fat 
mass (g).

All subjects (A), 10–12 year old males (B). Subjects are represented as filled circles.

Table 4—Relationship (correlation coefficient, r) between BMI and DEXA parameters in all subjects and in subsets.
BMI (kg/m2) Total Body Fat Mass (g) Total Body % Fat Trunk Fat Mass (g) Trunk % Fat

Complete (n = 41) 0.850*** 0.425** 0.792*** 0.318*
Males (n = 32) 0.787*** 0.394* 0.718*** NS
13–17 years; Males (n = 14) NS NS NS NS
10–12 years; Males (n = 18) 0.938*** 0.710*** 0.834*** 0.502*
Females (n = 9) 0.991*** NS 0.968*** NS

***p < 0.001; **p < 0.01; *p < 0.05; NS, not Significant.
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Desaturation index also showed a significant correlation 
with total body fat mass and trunk fat mass. The degree of 
trunk fat likely affects respiratory mechanics leading to oxy-
hemoglobin desaturation. Thoracic fat affects chest wall me-
chanics by mass loading with reduction in lung compliance. 
In addition, abdominal fat decreases the functional residual 
capacity (a measure of pulmonary reserve) by resisting the 
downward movement of the diaphragm and decreasing lung 
volumes.18,19 These reductions in functional residual capacity 
and lung compliance cause reduction in oxygen reserves and 
ventilation/perfusion mismatching, predisposing to episodic 
desaturation during sleep. The correlation between Log desat-
uration index and total body fat mass was absent when younger 
and older males were analyzed separately. While this could be 
related to low numbers in subgroup analysis, there may be fac-
tors other than age and puberty that play a role (e.g., poor lung 
reserve) in affecting this relationship.

We did not identify a significant correlation between obesity 
parameters and the severity of OSA when all subjects were 
analyzed together. The pediatric literature has shown mixed 
results with regard to the relationship between OSA and the 
severity of obesity.1,20–22 Redline et al. showed significant cor-
relations between OAHI and BMI, although Verhurst et al. did 
not in a study of 91 overweight/obese subjects.1,20 In a study 
of 197 children age 2–18 years, Kang et al. found significantly 
increased OAHI in obese as well as underweight subjects com-
pared to a normal weight group.22

Combined with our findings, these studies highlight that fac-
tors other than obesity such as puberty, genetics, respiratory 
control, and upper airway anatomy significantly contribute to 
the presence and severity of OSA in this population. For in-
stance, Bruno et al. found a significant relationship between 

fat mass percentage in the neck region (measured by DEXA) 
and severity of OSA but no correlation between percent of ab-
dominal fat mass and OSA.23 When upper airway structure and 
body fat composition were examined with magnetic resonance 
imaging in obese children, Arens et al. found that the size of 
upper airway lymphoid tissues correlated with severity of OSA, 
whereas abdominal visceral fat did not correlate with severity 
of OSA.24 Magnetic resonance imaging used to compare fat 
distribution in men and women also suggested a role for the 
pattern of fat deposition adjacent to the upper airway for the de-
velopment of OSA rather than obesity per se.25 Thus, OAHI is 
significantly impacted by upper airway factors such as regional 
neck fat distribution as opposed to the overall degree of adipos-
ity. Although our study did not identify a significant correlation 
between obesity parameters and OSA in the entire group, rel-
evant findings emerged in the subgroup analysis. We identified 
a correlation between Log OAHI and BMI when all males, and 
10- to 12-year-old males, were considered. This relationship 
was absent in older males (Table 3). These data underscore that 
BMI alone does not fully measure the degree of obesity in older 
adolescent males. In younger males, the severity of sleep apnea 
(Log OAHI) correlated with BMI while in older males the se-
verity of sleep apnea correlated with trunk % fat but not BMI, 
suggesting that distribution of fat may become more relevant in 
post-pubertal males. We did not identify a significant relation-
ship between sleep measurements and obesity parameters in 
nine female participants. This is likely due to the low numbers 
of female participants and should be interpreted with caution.

BMI vs. DEXA
The present study suggests that the relationship between 

BMI and DEXA parameters in males varies by age. In younger 

Figure 3—Correlation (correlation coefficient, r) between BMI (kg/m2) and total body fat mass (g).

All subjects (A), 10- to 12-year-old males (B). Subjects are represented as filled circles.
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males BMI correlated with the DEXA parameters, suggesting 
BMI can be used as a proxy for body fat in younger children. In 
older subjects, however, a significant correlation between BMI 
and DEXA parameters was not demonstrated. As muscle mass 
increases in post-pubertal subjects, the correlation between 
BMI and fat diminishes. Although several investigators have 
examined the reliability of BMI to identify children with obe-
sity, the associations vary considerably.26,27 BMI cannot dif-
ferentiate between body fat, muscle mass, and skeletal mass.28 
The literature shows that increases in BMI levels of boys dur-
ing adolescence seem to result primarily from increases in 
fat-free mass rather than body fat.29 For instance, Demerath et 
al. concluded that BMI percentile changes may not accurately 
reflect changes in adiposity in children over time, particularly 
among male adolescents.29 Our findings are in agreement with 
the previous study conclusions that BMI may not be a reliable 
indicator of body fat in post-pubertal males.

Limitations of this study and their implications merit dis-
cussion. The first limitation of our study comprises an absence 
of a control group with similar BMI, age, and gender with-
out history of snoring. Such a comparison would have been 
interesting and clinically relevant. However, our study design 
differed slightly from a more traditional method of selecting 
a pool of normal (no SRBD) subjects and comparing experi-
mental measures to a group of subjects with SRBD. We aimed 
to describe how the severity of obesity varies as a function of 
SRBD severity. Thus, the study was not designed to compare 
patients with and without SRBD as defined by the presence of 
snoring. We were, however, able to study subjects with a broad 
spectrum of OAHI severity ranging from normal to more than 
60 events per hour.

A lack of neck fat distribution measurements, which likely 
play a role in the pathophysiology of SRBD, represents an-
other limiting factor. An additional limitation of our study is 
the absence of Tanner staging, which would have facilitated a 
more precise measure of puberty. In place of Tanner staging, 
we performed subgroup analyses by separating the cohort by 
sex and age (Table 3). We found that the results varied by age 
and speculate that pubertal stage may be contributing to this 
effect. Lastly, the limited number of subjects in the subgroups 
may explain the absence of correlation with SRBD and obesity 
parameters for some of the analyses.

In summary, DEXA scanning has value in the study of obe-
sity and SRBD. We found that the relationship between obesity 
parameters and SRBD depends significantly on age and fat dis-
tribution in males implying that BMI may not be an accurate 
measure of adiposity after puberty. In younger males BMI cor-
relates well with DEXA parameters, suggesting further studies 
are needed to assess the clinical utility of DEXA across varied 
age ranges in identifying fat distribution and its relevance in 
predicting SRBD. Reliable methods to predict SRBD in obese 
children continue to be sought. DEXA scanning and accurate 
calculation of fat composition can play an important role in the 
study of obesity and SRBD in pediatric patients.

ABBREVIATIONS

BMI, body mass index
DEXA, dual energy x-ray absorptiometry

Log, logarithm
OAHI, obstructive apnea hypopnea index
OSA, obstructive sleep apnea
SRBD, sleep related breathing disorder
SpO2, peripheral capillary oxyhemoglobin saturation (as 

measured by pulse oximetry)
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