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OBSTRUCTIVE SLEEP APNEA (OSA) IS CHARACTER-
IZED BY REPETITIVE UPPER AIRWAY OBSTRUCTION 
DURING SLEEP.1 IT RESULTS FROM A COMBINATION 
of anatomic features that narrow the upper airway and the per-
missive effect of insufficient neuromuscular compensation dur-
ing sleep.2 OSA is prevalent to a clinically significant degree in 
2% of women and 4% of men,2 and obesity is the most common 
known risk factor.3-5

Excessive fat deposition may play a mechanistic role in 
OSA severity. Fat in the peripharyngeal area of the neck is 
thought to directly compress the upper airway.6 Chest-wall 
fat compresses the rib cage, reducing lung volume.7 Ab-
dominal fat is thought to result in cranial displacement of the 
diaphragm, decreasing longitudinal tracheal traction on the 
upper airway and leading to increased propensity for upper 
airway collapse.8 Reduced prevalence and severity of OSA 
in women is likely to be a consequence of a more favorable 

pattern of distribution of excess fat. Specifically, women tend 
to distribute fat peripherally around the hips, buttocks, and 
thighs, whereas men tend to distribute excess fat more cen-
trally on the abdomen and neck.9 As a result, although wom-
en have proportionally greater fat mass than men, they have 
less mechanical loading on their upper airway.9 However it 
is notable that most clinical studies examining the influence 
of obesity have been conducted in male populations10,11 or 
have included only small numbers of women12; therefore, the 
potentially important explanatory role of differences in pat-
tern of obesity in determining differences in severity of OSA 
remains inadequately defined. Furthermore, traditional an-
thropometric measures used in studies of OSA include body 
mass index (BMI), waist and neck circumferences, neck-to-
waist ratio (NWR), waist-to-hip ratio (WHR), and skin-fold 
anthropometry, which are of limited accuracy in determining 
fat distribution.5,13-15

More sophisticated methods are available to measure fat 
mass, such as magnetic resonance imaging (MRI) and computed 
tomography (CT), although they are unsuitable for studies 
requiring large populations. Dual energy absorptiometry 
(DXA) scanning is an accurate alternative measure of fat 
mass that is well suited for studies in clinical settings due to 
its relatively lower associated costs, training expertise, and 
radiation exposure.16 To date, it remains unknown whether 
DXA-measured regional fat can predict severity of OSA 
better than traditional anthropometric measures.
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In this study, we investigated whether traditional 
anthropometric measures, DXA-measured fat, or a combination 
of both best predicted OSA severity. We also investigated 
whether associations between OSA severity and regional fat 
distribution differed in men and women.

METHODS
The study population comprised a case series (Table 1) 

recruited as part of the Western Australian Sleep Health 
Study (WASHS) between October 2007 and March 2008. The 
WASHS case series is ����������������������������������������an epidemiologic, genetic, and biospeci-
men resource created to enable research into sleep disorders, 
which recruits approximately 90% of all patients present-
ing at the Sir Charles Gairdner Hospital sleep clinic, Western 
Australia’s largest facility for the diagnosis and treatment of 
OSA and other sleep disorders. In March 2008, when formal 
recruitment of participants for the DXA substudy ceased, the 
full WASHS case series comprised 1759 mainly Caucasian par-
ticipants with questionnaire, biospecimen, and polysomnogra-
phy data, of which 96 were further characterized for this study. 
In compliance with national guidelines for medical research 
involving humans, patients were posted an information pack 
outlining the study protocol prior to their first presentation at 
the sleep clinic. Informed written consent for the DXA study 
was obtained by clinic physicians who recruited patients 
consecutively. Exclusion criteria included suspected pregnancy, 
prior exceptional radiation exposure, concurrent use of 
continuous positive airway pressure, and inability to attend the 
appointment for the scanning and body-surface measurements. 
The height and weight limits of the DXA system further 
excluded patients who weighed more than 130 kg or were taller 
than 1.8m. This study was approved by the Sir Charles Gairdner 
Hospital Human Research Ethics Committee.

OSA severity was defined by apnea-hypopnea index (AHI)17 
from laboratory-based overnight polysomnography (Profusion 
2, Compumedics, Victoria, Australia) and scored using Ameri-
can Academy of Sleep Medicine criteria.18 Factors with an 
established relationship with OSA severity—age (years), sex, 
Epworth sleepiness score (ESS), and BMI (kg/m2)—were re-
corded. Body surface, upper airway, and DXA measurements 
were collected at the same time within 4 weeks of the polysom-
nography.

Body Surface and Upper Airway Measurements
Waist circumference was measured with the patient standing 

erect, at the midpoint between the costal margin and the iliac 
crest, at the end of normal expiration. Hip circumference was 
measured at the level of the greater trochanter. Neck circumfer-
ence was measured with the patient seated, at the level of the 
anterior border of the cricoid cartilage. Mallampati score19 and 
pharyngeal grade were scored according to visual scales.20-23

DXA-Measured Body Mass
Percentage of fat and lean tissue, and bone density (g/cm2) 

were measured using a Lunar Prodigy DXA machine (GE 
Healthcare, Madison, WI). Participants were positioned cen-
trally on the scanner bed with the mandible on a vertical plane. 
Hands were palm down, slightly away from the body. The En-
CORE software v10.50. (General Electric Company, Madison, 

WI) defined standard regions: trunk, android, and gynoid (Fig-
ure 1a). Three customized regions were also analyzed (neck, 
abdominal and thoracic; Figure 1b). The peripheral central ratio 
(PCR) was calculated as fat in the peripheral areas of the body 
(fat in the body – fat in the trunk)/fat in the trunk.

Statistical Analysis
Data were analyzed using R version 2.7.1 (2008, The 

R Foundation for Statistical Computing) using SimHap.24 
Normally distributed continuous variables were described 
using mean and standard deviations, and nonparametric 
variables using the median and interquartile range (IQR). χ², 
Students t test, and Mann-Whitney U test were used to test 
the assumption that the study sample was representative of 
the WASHS case series and investigate sex differences within 
the study sample. AHI was right skewed and, therefore, loge-
transformed prior to analysis. Three multivariate regression 
models for each sex were developed. Model 1 investigated 
the predictive value of traditional anthropometric measures 
of obesity (BMI, waist and neck circumferences, WHR, and 
NWR) in explaining disease severity. Model 2 investigated 
the predictive value of DXA-measured mass in the total body, 
neck, thoracic, abdominal, android, and gynoid region. Fat and 
lean measures were expressed as a percentage of total body 
mass in explaining disease severity. In Model 3, the relative 
associations of traditional anthropometric and DXA variables 
with AHI were investigated in a multivariate model. In all 3 
models, the predictive value of age, BMI, ESS, Mallampati 
score, and pharyngeal grade were investigated. Models were 
adjusted for these covariates only when they were significantly 
associated with LogeAHI. All continuous covariates were 
centered for (multivariate) regression analysis to reduce 

Table 1—Characteristics of the study population
Men

(n = 60)
Women
(n = 36) P Value

Age, y 50 ± 14 51 ± 14 NS
AHI, events/h 33 (41) 15 (21)  < 0.001
Mean SaO2 93 (4) 95 (2) 0.002
Lowest SaO2 86 (14) 89 (5) 0.004
Number of times SaO2 < 90% 163 (1103) 8 (135) 0.004
Weight, kg 98 ± 17) 89 (22) 0.03
Height, cm 175 ± 7 161 ± 7  < 0.0001
BMI, kg/m2 32 ± 5 34 ± 8 NS
ESS, score 10 ± 5 10 ± 5 NS
Neck circumference, cm 44 ± 4 38 ± 4  < 0.001
Waist circumference, cm 111 ± 13 105 ± 18 NS
Hip circumference, cm 112 ± 10 120 ± 16 0.002
WHR 1.0 ± 0.1 0.9 ± 0.1  < 0.0001
NWR 0.37 ± 0.03 0.40 ± 0.04  < 0.0001

Data are presented as mean ± SD or median (interquartile range); NS 
refers to not significant at a P value of > 0.05; AHI, apnea-hypopnea 
index; BMI, body mass index; ESS, Epworth Sleepiness Scale; WHR, 
waist-to-hip ratio; NWR, neck-to-waist ratio.
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collinearity. This was justified during forward stepwise-
regression diagnostics in ensuring Model 3a and 3b met the 
assumptions of normality, linearity and homoscedasticity. 
Statistical significance for univariate models was defined at the 
5% level; however, because our initial aim was to develop and 
compare 3 models, we used a revised threshold of P < 0.017 to 
determine statistical significance in multivariate models. The 
study had 80% power at the α 0.05 level to detect an effect size 
of at least 0.15 Loge(events/h) in men and 0.23 Loge(events/h) 
in women for the DXA-measured mass covariates, which had 
a standard deviation of around 2.

RESULTS

Characteristics of Case Series
The study sample comprised 60 men and 36 women, which 

is similar to the sex ratio of WASHS (χ2 
(DF 1) = 0.0117, P = 0.9). 

Likewise the DXA group was typical of WASHS case series for 
age, AHI, traditional anthropometric measures, and ESS score 
(P > 0.05). Within the study sample, there were no significant 
differences in age, ESS, or BMI between men and women 
(Table 1). Men were heavier, were taller, and had thicker necks 
than women, on average (P < 0.001). Men and women also 
differed significantly in measures of disease severity; men, 

on average, had a higher AHI, lower mean oxygen saturation, 
more severe lowest oxygen saturation, and higher frequency of 
times during the night with an oxygen saturation of less than 
90% (Table 1).

Participants were mostly overweight (18%, BMI 25-29.9 kg/
m2) or obese (68%, BMI > 30 kg/m2). The proportion of obese 
participants did not differ by sex. Men were more likely to have 
an AHI in the severe range (42% men vs 19% women had > 
40 events/hour, χ2

(DF = 1) = 4.1, P = 0.04). Oropharyngeal mea-
surements showed 54% of participants had a Mallampati score 
of III or IV, and this did not differ by sex (55% men vs 50% 
women, χ2

(DF = 1) = 0.2, P = 0.7). A greater proportion of men had 
a crowded oropharynx (pharyngeal grade III, IV, or not visible 
in 73% men vs 41% women, χ2

(DF = 1) = 5.2, P = 0.02).

Body Morphology
DXA-quantified fat and lean mass in body regions for each 

sex are shown in Table 2. Although men and women were similar 
with respect to age, ESS score, and BMI, there were significant 
sex differences with regard to the percentage of lean and fat 
tissue, both in the whole body and regionally. In all areas of the 
body, men had a greater percentage of lean mass in comparison 

Table 2—Sex differences in DXA-quantified regional body mass
Total body mass Men Women P Value

% fat 33 ± 7 46 ± 5  < 0.0001
% lean 63 ± 6 51 ± 5  < 0.00001
PCR 0.6 ± 0.2 0.8 ± 0.2  < 0.0001
BMD, g/cm3 1.3 ± 0.1 1.2 ± 0.1  < 0.0001

Thoracic mass
% fat 10 ± 3 12 ± 3 0.0002
% lean 18 ± 2 16 ± 2  < 0.00001

Abdominal mass
% fat 10 ± 2 12 ± 2  < 0.00001
% lean 13 ± 1 12 ± 1  < 0.00001

Android mass
% fat 4 ± 1 5 ± 1 0.01
% lean 5 ± 1 4 ± 1  < 0.00001

Neck mass
% fat 0.7 ± 0.2 0.8 ± 0.2 NS
% lean 1.6 ± 0.3 1.2 ± 0.2  < 0.00001

Trunk mass
% fat 21 ± 5 25 ± 4  < 0.0001
% lean 31 ± 3 27 ± 3  < 0.00001

Gynoid mass
% fat 5 ± 1 8 ± 1  < 0.0001
% lean 10 ± 1 8 ± 1  < 0.00001

Data are shown as mean ± SD. DXA refers to dual-energy absorptiometry 
scanning; NS, not significant at a P value of 0.05; % fat, fat in region (g)/
total body mass (g) × 100; % lean, lean tissue in region (g)/total body 
mass (g) × 100; Ratio, fat in region (g)/lean tissue in region (g); PCR, 
peripheral central ratio of fat, i.e., (fat in the total body – fat in the trunk)/
fat in the trunk; BMD, bone mineral density (g × 103).

Figure 1— DXA region definitions

a) Standard Definition b) Custom Definition
Trunk: from 
the body of 
the mandible 
to the neck of 
the femur and 
laterally to the 
glenohumeral 
joint.

Neck: incorporating 
the midpoint of the 
chin outward to the 
soft tissue outline 
of the head, the 
first bony landmark 
in line with the 
scapula, the 
highest point of the 
rib cage

Android: 
from the top 
of the ilium 
superiorly 
20% of the 
distance from 
the ilium to 
the body of 
the mandible

Thoracic: 
supralateral at the 
glenohumeral joint 
and the clavicle, 
inferiorly to the 
lower border of the 
costals

Gynoid: from 
the top of the 
ilium inferiorly 
1.5 times 
the height of 
the android 
region

Abdominal: 
incorporating the 
midpoint of the 
inferior costal 
margin, the soft 
tissue outline 
adjacent to the 
upper prominence 
of the ilium, the 
soft tissue outline 
adjacent to the 
upper prominence 
of the femur, and 
the lowest midpoint 
of the pelvis.
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located in the central regions abdomen 
and neck (PCR = 0.6 in men and 0.8 
in women; Table 2). Given that men 
and women differed both in measures 
of obesity and disease outcome, pre-
dictive models were generated sepa-
rately for each sex.

Predictors of Severity of OSA in Men
Of the DXA-measured obesity 

variables, percentage of fat in 
the abdominal area was the best 
univariate predictor of AHI in 
men (Table 3) and explained the 
most variance in AHI (r2 = 16%). 
The thoracic and android region 
explained a similar amount of 
variance in AHI (r2 = 15 & 14%). 
Neck circumference and weight were 
comparable with DXA-measured fat; 
both explained 17% of the variance 
of AHI. Neither percentage of fat or 
lean tissue in the neck appeared to be 
associated with severity of OSA in 
men. Univariate analyses suggested 
that BMI was the least predictive 
anthropometric measurement in men 
(r2 = 11%). Bone mineral density 
was significantly associated with 
OSA severity in men.

Multivariate analysis using only 
traditional anthropometric measures 
to characterize obesity suggested 
that ESS score and neck circumfer-
ence predicted 28% of the variance 
in AHI in men (Table 4: model 1a). 
When only DXA-measured mass 
variables were included, percentage 
of fat in the abdominal region was 
the best predictor of OSA sever-
ity (r2 = 29%; Table 4: model 2a). 
In Model 3, where both traditional 
anthropometric measures and DXA-
measured mass were considered, 
percentage of fat in the abdominal 
region and NWR accounted for 37% 
of the variance in AHI (Table 4: 
model 3a).

Predictors of Severity of OSA in 
Women

In women, percentage of fat in 
the android region was the best uni-
variate predictor of AHI (r2 = 26%); 

however, percentage of fat in the neck and thoracic regions 
explained comparable variance in AHI (Table 3). The best an-
thropometric measurement of obesity in women was BMI, but 
this measurement was a poorer predictor than DXA-measured 
variables (Table 3). Unlike in men, in women, the ESS score 

with women. Men and women had similar percentages of fat 
in the neck region, but the ratio of fat-to-lean tissue (SD) in 
the neck was 0.45 (0.15) in men and 0.65 (0.19) in women 
(P < 0.000001). In all other regions, men had a significantly 
lower percentage of fat. Men had a greater proportion of fat 

Table 3—Univariate predictors of Loge(AHI)
Men Women

DXA measurements, % r2 β (95% CI) P value r2 β (95% CI) P value
Neck region

Fat 0.06 0.96 (-0.01, 1.93) NS 0.25 2.51 (1.01, 4.00) 0.002
Lean 0.02 -0.36 (-1.10, 0.38) NS  < 0.01 0.04 (-1.63, 1.71) NS

Thoracic mass
Fat 0.15 0.12 (0.05, 0.19) 0.001 0.24 0.18 (0.07, 0.29) 0.003
Lean 0.04 -0.09 (-0.20, 0.03) NS  < 0.01 0.01 (-0.17, 0.18) NS

Abdominal mass
Fat 0.16 0.14 (0.06, 0.23) 0.001 0.17 0.21 (0.05, 0.37) 0.01
Lean 0.09 -0.17 (-0.32, -0.03) 0.02 0.02 -0.13 (-0.46, 0.20) NS

Android mass
Fat 0.14 0.31 (0.11, 0.52) 0.003 0.26 0.63 (0.27, 0.99) 0.001
Lean 0.11 -0.65 (-1.14, -0.16) 0.01 0.01 0.29 (-0.63, 1.20) NS

Trunk mass
Fat 0.15 0.07 (0.03, 0.11) 0.002 0.16 0.11 (0.02, 0.19) 0.02
Lean 0.12 0.11 (-0.18, -0.03) 0.006 0.03 -0.07 (-0.20, 0.07) NS

Gynoid mass
Fat 0.04 0.13 (-0.04, 0.31) NS  < 0.01 0.02 (-0.25, 0.29) NS
Lean 0.10 -0.27 (-0.48, -0.05) 0.02 0.12 -0.44 (-0.84, -0.04) 0.04

Total body mass
Fat, % 0.12 0.04 (0.01, 0.07) 0.006 0.16 0.08 (0.02, 0.14) 0.02
Lean, % 0.12 -0.05 (-0.08, -0.01) 0.007 0.13 -0.08 (-0.15, -0.01) 0.03
BMD, g/cm2 0.10 2.41 (0.49, 4.33) 0.02 0.05 2.29 (-1.07, 5.65) NS
PCR 0.13 -1.54 (-2.56, -0.51) 0.004 0.04 -1.24 (-3.20, 0.72) NS

Anthropometric measures
BMI, kg/m2 0.11 0.05 (0.01, 0.09) 0.01 0.21 0.06 (0.02, 0.10) 0.005
Neck circumference, cm 0.17 0.08 (0.04, 0.13) 0.001 0.10 0.10 (0.02, 0.19) 0.02
Waist circumference, cm 0.16 0.10 (0.02, 0.19) 0.02 0.19 0.03 (0.01, 0.04) 0.008
Weight, kg 0.17 0.02 (0.01, 0.03) 0.001 0.14 0.02 (0.01, 0.03) 0.03
WHR 0.05 2.24 (-0.45, 4.92) NS 0.13 5.00 (0.53, 9.47) 0.03
NWR  < 0.01 -2.06 (-9.67, 5.56) NS 0.11 -9.4 (-18.35, -0.47) 0.04

Age, y  < 0.01 0.01 (-0.01, 0.02) NS  < 0.01 0.01 (-0.02, 0.03) NS
FVC, L 0.03 0.17 (-0.11, 0.44) NS 0.04 -0.28 (-0.85, 0.29) NS
ESS, score 0.16 0.07 (0.03, 0.11) 0.001  < 0.01 0.01 (-0.06, 0.07) NS
Narrow airwaya 0.05 0.37 (-0.06, 0.79) NS 0.12 0.79 (0.03, 1.56) 0.05
Mallampati scoreb 0.04 0.08

II -0.57 (-1.36, 0.23) NS 0.40 (-0.62, 1.43) NS
III -0.43 (-1.24, 0.38) NS 0.61 (-0.39, 1.60) NS
IV -0.40 (-1.22, 0.43) NS 0.96 (-0.29, 2.21) NS

AHI refers to apnea-hypopnea index; DXA, dual-energy absorptiometry; CI, confidence interval; Fat %, 
(fat (g)/total body mass (g)) ×100; Lean %, (lean mass (g)/total body mass (g)) × 100; PCR, peripheral 
central ratio of fat, i.e., (fat in the total body – fat in the trunk)/fat in the trunk × 100; NS, not significant at 
a P value of 0.05; ESS, Epworth Sleepiness Scale; BMD, bone mineral density; WHR, waist-to-hip ratio; 
NWR, neck-to-waist ratio
aPharyngeal grade III or IV (reference category = pharyngeal grade I or II)
bThe reference category for the Mallampati score is I.
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lean tissue is a substantial contributor to neck circumference. 
In women, an increased neck circumference appears to be 
more likely to be associated with a disproportionate increase 
in fat, despite the tendency of women to accumulate fat more 
peripherally, as compared with men. Our findings question the 
commonly held view that the male preponderance of OSA is 
thought to be related to neck fat and its direct compressive 
effect on the airway. Enlarged neck circumference has often 
been attributed to increased adipose tissue in the neck; however, 
larger studies have not directly measured neck fat,15 and MRI-
based studies have been conducted using male-biased case-
control designs with relatively small sample sizes.10-12,17

Some studies have found an association between size of pe-
ripharyngeal fat pads and the presence of OSA using MRI stud-
ies exclusively from men10,11; however, this finding has not been 
universally replicated.17 Studies including women have found 
fat-pad thickness to be slightly higher in the OSA groups11,12; 
however these studies have had insufficient power to consider 
the influence of sex on fat-pad thickness. These findings conflict 
with those from a sophisticated mixed-sex case-control analysis 
of the upper airway using volumetric MRI by Schwab et al., in 
which adjustment for visceral fat in the neck failed to account 
for differences between soft tissue structure volumes in cases 
and control subjects.25 Although based on greater case numbers 
than in previous MRI studies using sex- and ethnicity-matched 
control subjects, the Schwab study did not investigate whether 
there were sex-based differences in the association between fat 
distribution and presence of OSA.25 The present study is unique 
in that we used a relatively large sample of women to investigate 
the mechanistic effects of total fat volume on severity of OSA 
within a clinical sample using DXA and found an association 
between the proportion of fat in the neck and severity of OSA. 
It should be noted that this finding failed to reach significance 
when corrected for multiple comparisons; nevertheless, this ex-
ploratory work suggests that the mechanism underpinning this 
direct relationship could be through the influence of fat on ex-
traluminal tissue pressure and, thereby, the compressive force 
on the upper airway.

We found that percentage of abdominal fat was most clearly 
associated with OSA severity in men. CT-derived visceral 
adipose tissue in the abdomen has been found to correlate 
with AHI,26 a finding replicated in a nuclear MRI study of 60 

was not significantly associated with disease severity; howev-
er, a narrow airway (pharyngeal grade: ≥ III vs ≤ II) was.

Multivariate analysis suggested that this association was not 
independent of BMI or fat in the android region. Further, mul-
tivariate modeling of only traditional anthropometric measures 
and only DXA-measured mass suggested that BMI (Table 4: 
model 1b) and DXA-measured percentage of fat in the android 
region (Table 4: model 2b) were the best independent predictors 
of AHI in women. However, Model 3, in which the traditional 
anthropometric measures and DXA-measured obesity were in-
vestigated in the same multivariate model, suggested that the 
overall independent predictors of AHI in women were percent-
age of fat in the neck region and BMI, which together explained 
33% of the variance in AHI, though this failed to reach sta-
tistical significance after correction for multiple comparisons 
(Table 4: model 3b).

DISCUSSION
This study investigated the association of traditional anthro-

pometric measures and DXA-measured mass with each other 
and with OSA severity in a well-characterized case series of 
men and women. When considered separately, DXA measures 
of fat mass were more predictive of OSA severity than were an-
thropometric measures in women. The men and women in this 
series had comparable BMI, but the men had a lower ratio of 
fat-to-lean body mass in all body regions, and neck circumfer-
ence and weight were as predictive of disease severity as DXA-
measured fat mass in men. In both men and women, however, a 
combination of anthropometric measurements and DXA-mea-
sured mass improved this predictive capacity. DXA measures 
may therefore have clinical and epidemiologic utility.

Our results suggest that, in both men and women, it is centrally 
located rather than peripherally located fat that contributes to 
the pathogenesis and severity of OSA. However, there were 
substantial sex-based differences in the association between fat 
distribution and severity of OSA.

We found that neck fat was associated with disease severity 
in women but not in men, whereas neck circumference was 
associated with both sexes, but particularly in men. In the 
neck, the percentage of fat mass was similar between sexes, but 
the mean ratio of fat-to-lean tissue was 0.45 in men and 0.65 
in women (P < 0.000001). This would suggest that, in men, 

Table 4—Multivariate predictors of Loge(AHI) in men and women
Model r2 Predictors in men β (95% CI) P value Model r2 Predictors in women β (95% CI) P value

1a 0.28 ESS 0.06 (0.02, 0.09) 0.004 1b 0.21 BMI 0.06 (0.02, 0.10) 0.005
Neck circumference 0.07 (0.03, 0.12) 0.003

2a 0.29 ESS 0.06 (0.02, 0.10) 0.003 2b 0.26 Android fat (%) 0.63 (0.27, 0.99) 0.001
Abdominal fat (%) 0.13 (0.05, 0.20) 0.002

3a 0.37 ESS 0.06 (0.03, 0.10) 0.001 3b 0.33 Neck fat (%) 1.92 (0.39, 3.45) 0.02a

Abdominal fat (%) 0.21 (0.11, 0.31)  < 0.00001 BMI 0.04 (0.01, 0.08) 0.04a

NWR 10.91 (2.63, 19.20) 0.01

Models 1a & 1b are anthropometric measures of obesity; Models 2a & 2b are derived from dual-energy absorptiometry (DXA) measures of obesity; Models 
3a & 3b are anthropometric measures + DXA measures of obesity. AHI refers to apnea-hypopnea index; CI, confidence interval; ESS, Epworth Sleepiness 
Scale; NWR, neck-to-waist ratio.
aP values not significant using a multiple correction threshold of P < 0.017.
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The pathogenesis of OSA is heterogeneous within the 
population, with risk factors differing among subgroups of 
individuals. Clinical epidemiologic studies often rely upon BMI 
or waist circumference to control for the confounding influence 
of obesity when investigating risk factors. In our study, men 
and women were similar with respect to both BMI and waist 
circumference, yet we found clear sex differences in fat and 
lean mass in the whole body and regionally (P < 0.0001). This 
finding indicates that reliance upon BMI or waist circumference 
alone to measure obesity, which confounds the relationship 
between almost all cardiovascular and metabolic risk factors, 
is likely to misrepresent the potentially important influence of 
regional obesity.

Our study showed that a combination of anthropometric and 
DXA measures predicted 33% to 37% of the variance asso-
ciated with OSA severity. Although these results support the 
hypothesis that central obesity is an important mediator of 
severity of OSA in men and women, there are clearly other 
contributing factors—such as airway dimension, ethnicity, and 
menopause status in women—that were not considered by the 
scope of this study. There is increasing evidence that patho-
genesis and severity of OSA is mediated by genetic compo-
nents; however, these factors are likely to differ between ethnic 
groups,38,39 with varying environmental mediators at large 
across discrete populations. Intermediate phenotypes may be 
more informative than AHI in examining causal relationships. 
This study has demonstrated that DXA combined with stan-
dard anthropometry could be a valuable method for examining 
obesity-related genetic factors.

Limitations
Our findings are based upon relatively small numbers 

(60 men and 36 women) and therefore should be interpreted 
with caution. Nevertheless, the numbers are large relative to 
comparable studies. Furthermore, the allocation of patients 
to recruiting physicians was random, which would reduce 
selection bias. Formal statistical comparisons indicated that our 
case series was representative of the WASHS population with 
regard to age, sex, indexes of disordered breathing, traditional 
anthropometric measures, upper airway characteristics, and ESS 
scores. The WASHS case series is a large sample of individuals 
with sleep disorders, with the majority diagnosis being OSA. 
The physical limits of the DXA machine would have excluded 
30% of all male WASHS patients, of which 26% were excluded 
because of height, not weight, restrictions. An independent t 
test of the mean LogeAHI score of WASHS men who would 
have exceeded the limits of the DXA system (in comparison 
with those who would not) was not significant. This would sug-
gest that, although the limits of the DXA system used would 
have excluded a significant proportion of the total male clini-
cal sample, the criteria for exclusion were not related to OSA 
severity. On this basis, we feel confident that the results from 
our subsample were representative of men attending a sleep 
clinic. In women, a small proportion of WASHS patients (7%) 
would have been excluded by the physical limitations of the 
DXA machine, largely due to obesity (~6%), and those exclud-
ed represented women with more severe OSA (mean AHI 58 vs 
25 events per hour; independent t test of the mean LogeAHI in 
WASHS patients excluded vs not excluded P < 0.001). How-

men.26 Importantly, the MRI study, unlike the CT study, also 
measured subcutaneous neck fat and peripharyngeal fat in 
the airway and concluded that fat accumulation in the neck 
was not associated with OSA severity in men.17 Hence, our 
findings agree with an MRI-based study of similar power and 
design. The role of abdominal fat in upper airway instability 
is increasingly recognized: recumbent abdominal obesity is 
likely to be associated with increased craniad displacement of 
the diaphragm, decreasing longitudinal tracheal traction and 
increasing propensity for upper airway collapse.8 Accumulation 
of fat in the chest wall (abdominal and thoracic) also decreases 
functional residual capacity, particularly when the individual 
is recumbent and asleep, increasing intrathoracic pressure and 
thereby extramural tissue pressure at the thoracic inlet, further 
increasing upper airway collapsibility.27

Other similar studies have used MRI in a case-control design 
to investigate the role of visceral fat in the pathogenesis of 
OSA. Our study concentrated on the mechanistic effects of total 
fat volume on severity of OSA within a clinical sample using 
DXA, which cannot distinguish between subcutaneous and 
visceral fat, nor can it identify the anatomic distribution of the 
fat. Distribution of fat laterally in the neck has been purported 
to be important; however, this view is not substantiated by the 
current literature.28 CT imaging is currently considered the 
gold standard technology for measuring fat mass, but we did 
not compare DXA-measured obesity with either CT or MRI 
imaging studies in our sample, since it was not a viable option to 
screen large numbers of patients with OSA with either of these 
technologies due to cost and, in the case of CT, high radiation 
dose.16 A limitation of DXA is that it does not discriminate 
visceral from subcutaneous fat. However, larger subjects who 
may experience greater claustrophobia in CT or MRI scanners 
are more likely to consent to a DXA scan. The relatively small 
sample size of MRI and CT studies, coupled with a lower 
response fraction, leave these studies open to sources of bias. 
DXA-measured total fat volume has been found to predict 
visceral fat better than anthropometric measures in some 
studies29,30 but not others.31,32 Regardless, correlation between 
total fat volume measured by DXA and CT is high, particularly 
in people with greater abdominal fat.32

We sought to determine the predictive value of DXA mea-
sures of regional obesity on the severity of OSA, as compared 
wtih traditional surrogate measures of obesity, such as neck 
and waist circumference and BMI. We quantified total and re-
gional measures of obesity using DXA, which has good pre-
cision (99%) for the total body; however, precision is reduced 
for regional definitions of mass.33 We customized 3 regions 
of interest: the neck, the thoracic region, and the abdominal 
region, based upon bony landmarks and soft tissue, which 
were more complex in definition than standard regions, such 
the trunk and android regions. This is a novel application of 
DXA. Previous studies investigating the predictive value of 
DXA-measured regional fat in comparison with anthropo-
metric surrogates have largely concentrated on abdominal 
region in association with metabolic risk factors, studies in 
which visceral fat is considered pathogenic. Most,34-36 but not 
all,16,37 concluded that DXA-measured abdominal fat is a bet-
ter predictor of metabolic risk factors than are anthropomet-
ric surrogates.
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ever, the direction of the bias was such that inclusion of larger 
women and those with more severe OSA would likely strength-
en the associations found in our subsample. Thus, although our 
sample size is modest and restricted by the physical limits of 
the DXA system used, the participants are characteristic of a 
much larger sleep clinic sample, and our results are likely to be 
generalizable to this and similar populations.

Implications of Findings
In summary, we found that both DXA and anthropometric 

measures predict a similar proportion of OSA severity; howev-
er, AHI was best predicted by a combination of DXA-measured 
mass and anthropometric measurements. This study has shown 
that a pattern of central obesity is associated with OSA severity, 
although the pattern of association of regional obesity with AHI 
is different for each sex. In women, a direct influence of neck fat 
on the upper airway patency is implicated. In men, abdominal 
obesity, which has more indirect effects on the upper airway, 
appears to be the predominant obesity-related influence.

This study highlights 3 issues pertinent to future research 
of OSA. Firstly, use of anthropometric measures such as waist 
circumference and BMI, which are almost universally used to 
characterize obesity in research studies, dilute important sex 
differences that influence the role of obesity in OSA. Secondly, 
the obesity-related sex differences we found support the already 
accepted hypothesis that OSA is a heterogeneous disorder. 
Therefore, intermediate phenotypes, like regional obesity, may 
represent a more informative approach in examining causal re-
lationships in OSA populations, including genetic associations, 
which are an underresearched but undeniable future direction 
for OSA research. This study suggests that DXA combined with 
standard anthropometry could be a valuable method for ex-
amining obesity-related genetic factors. Thirdly, women have 
been underrepresented in sleep research. This has been useful 
to the understanding of the pathogenesis in men, but the results 
are not generalizable to women with OSA, who, according 
to the parent WASHS case series from which this study is a 
representative subsample, constitute approximately one third 
of the burden of OSA cases. Future research should seek to 
characterize the heterogeneous pathology of OSA using large 
samples that adequately represent persons who develop OSA.
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