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Abstract
Background—Obesity and increased neck
circumference are risk factors for the
obstructive sleep apnoea/hypopnoea syn-
drome (SAHS). SAHS is more common in
men than in women, despite the fact that
women have higher rates of obesity and
greater overall body fat. One factor in this
apparently paradoxical sex distribution
may be the diVering patterns of fat
deposition adjacent to the upper airway in
men and women. A study was therefore
undertaken to compare neck fat deposi-
tion in normal men and women.
Methods—Using T1 weighted magnetic
resonance imaging, the fat and tissue vol-
umes in the necks of 10 non-obese men
and 10 women matched for age (men
mean (SE) 36 (3) years, women 37 (3)
years, p = 0.7), body mass index (both 25
(0.6) kg/m2, p>0.9), and Epworth Sleepi-
ness Score (both 5 (1), p = 0.9) were
assessed; all denied symptoms of SAHS.
Results—Total neck soft tissue volume was
greater in men (1295 (62) vs 928 (45) cm3,
p<0.001), but the volume of fat did not dif-
fer between the sexes (291 (29) vs 273
(18) cm3, p = 0.6). The only regions
impinging on the pharynx which showed a
larger absolute volume of fat in men (3.2
(0.7) vs 1.1 (0.3) cm3, p = 0.01) and also a
greater proportion of neck fat in men (1.3
(0.3)% vs 0.4 (0.1)%, p = 0.03) were the
anterior segments inside the mandible at
the palatal level.
Conclusions—There are diVerences in
neck fat deposition between the sexes
which, together with the greater overall
soft tissue loading on the airway in men,
may be factors in the sex distribution of
SAHS.
(Thorax 1999;54:323–328)
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Sleep disordered breathing, snoring, and the
sleep apnoea/hypopnoea syndrome (SAHS)
are 2–8 times more common in men than in
women in all adult age groups.1 2 In men these
conditions are associated with obesity, in-
creased neck circumference, and reduced cross
sectional area of the upper airway,3–6 all factors
which predispose to the partial or complete
obstruction of the upper airway.

The male predominance in SAHS has not
been fully explained and is in some respects
paradoxical. Compared with men, a greater
proportion of total body soft tissue in normal
women is fat and obesity is more frequent in
women.7 8 A condition strongly associated with
obesity might therefore be predicted to show a
higher frequency in women. Similarly, pharyn-
geal airway cross sectional area has been
reported to be less in women when matched for
body mass index (BMI),9 which would be
expected to predispose to airway obstruction.
However, women do have a smaller neck
circumference when matched for BMI and so
overall mass loading on the upper airway may
be less.10 Dynamic factors are also relevant; the
upper airway when seated is smaller in women,
but there is no diVerence between supine men
and women.10 This suggests that women have a
greater ability to defend the airway against pos-
ture related changes, and a higher waking
upper airway dilating muscle tone in women
may provide a physiological basis for this.11

Magnetic resonance imaging (MRI) has
become an established method for the in vivo
quantification of fat tissue.12 13 Fat has a
relatively short T1 relaxation time, so fatty tis-
sue has a higher intensity than other soft tissues
in T1 weighted spin echo MRI images. The
availability of this technique has prompted a
number of studies which have attempted to
clarify the relationship between obesity and
upper airway obstruction at a detailed anatomi-
cal level. Although there is a clear relationship
between overall neck size and airway obstruc-
tion in men,3 there is still controversy about the
significance of the precise anatomical distribu-
tion of fat deposition in the neck. Horner et al
observed fat pads lateral to the airway which
were larger in obese SAHS patients than in
weight matched controls,14 and our group
made similar findings in non-obese patients
compared with matched controls.15 Shelton et
al found that the volume of fat in this region
correlated with the frequency of apnoeas/
hypopnoeas in a mixed group of patients and
normal subjects.4 Schwab et al questioned the
significance of the fat pads, reporting that
although their volume was increased in SAHS
patients compared with unmatched less obese
normal subjects, the patients did not show a
greater area of fat pad than normal subjects at
the level of the minimum airway area.5

We have tested the hypothesis that fat depo-
sition adjacent to the upper airway may be
greater in men than in women, and so may be
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one factor underlying the sex distribution of
conditions related to upper airway obstruction.
We studied with MRI the deposition of fat in
the necks of normal adult men and women,
closely matched for age and degree of obesity
as measured by body mass index.

Methods
SUBJECTS

Ten male and 10 female volunteers, matched
for age and body mass index, gave informed
consent to the study. All denied snoring,
daytime sleepiness, and other symptoms of
SAHS,2 and had Epworth Sleepiness Scores of
12 or less.16 We did not perform sleep studies
on these normal subjects but, by definition,
they did not have SAHS as they denied all
major symptoms.2 Weight, height, neck circum-
ference at the level of the superior border of the
cricothyroid membrane,3 and skin fold thick-
ness were determined by a medical practitioner
(ILM or ATW) at the time of MRI scanning.
Body fat content was calculated by the method
of Durnin and Rahaman from skin fold
thickness measured with callipers over the
biceps and triceps and at subscapular and
suprailiac sites.17

IMAGING AND ANALYSIS

The equipment and protocol for acquisition of
transverse and sagittal T1 weighted magnetic
resonance images of the neck in the region of
the upper airway have been described in our
previous work.15 Image data were transferred to
an independent workstation (Sun Microsys-
tems Inc, Mountain View, California, USA)
and analysed using the ANALYZE package
(Mayo Foundation, Rochester, New York,
USA).

To calculate fat and tissue volumes each
transverse spin echo image was analysed for
total and fatty tissue areas. Tissue areas were
analysed in eight radial segments centred on
the airway, each subtending 45°. The radial
dividers were rotated in order to align the
anterior-posterior axis with anatomical fea-

tures. The anterior and anterolateral segments
were subdivided by the line of the mandible (fig
1). As in our previous work,15 total soft tissue
and fat areas were determined using thresholds
chosen from inspection of each image. For
some subjects these thresholds were altered
from segment to segment within the image and
from slice to slice to allow for inhomogeneities
in the gray scale within and between slices—for
example, in areas below the epiglottis where
coil sensitivity was reduced. Volumes were
derived from the sum of areas in each segment
and the known distance between each slice.
The reproducibility of the determination of fat
and tissue volumes from scans of men by this
method has been reported previously.15 Vol-
umes were calculated for the entire neck
related to the upper airway, from the level of the
top of the palate to the top of the larynx. This
was subdivided into the palatal section of the
neck, from the top of the palate to the tip of the
uvula, and the subpalatal section, from the tip
of the uvula to the top of the larynx.

Fat close to the airway was analysed by con-
struction of an ellipse centred on the airway,
limited by the spinal column posteriorly and by
the intersection of the line of the mandible with
the projected airway midline laterally (fig 1).
This form of ellipse was chosen to include the
fat pads which lie lateral to the airway.14 Fat
areas were again determined using thresholds
derived from inspection of the image being
analysed, and volumes were derived as before.

Airway cross sectional area was determined
on the transverse spin echo images. The
method was semi-automatic, “growing” a
region of interest (ROI) from a “seed” placed
in the centre of the airway, adjusting the
threshold to include the airspace but not the
airway walls. The scan times included several
respiratory cycles, so the airway dimensions
were eVectively averaged over the cycle. This
adds “noise” to the data and will tend to reduce
the significance of observed diVerences. The
airway area on each image slice was noted, with
the slice showing the smallest area taken to

Figure 1 (A) Representative transverse T1 weighted magnetic resonance image of the neck of a normal man.
(B) Diagrammatic representation of the image in A illustrating the segmental divisions used for analysis of neck fat
volumes, the subdivision of the anterior and anterolateral segments by the line of the mandible, and the position of the ellipse
used for analysis of fat volumes close to the airway.
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represent the site and size of the anatomical
minimum airway area. Average cross sectional
area was the sum of the areas observed on the
slices covering the relevant region divided by
the number of slices. An ROI was also drawn
around the tongue and around the soft palate
on the sagittal image showing the airway
midline, and their total areas were determined.
The area of fatty tissue within the ROI was
determined by counting pixels with an inten-
sity above a certain threshold: the threshold
was selected subjectively by reference to known
fatty anatomical features on the same image
such as subcutaneous fat.

STATISTICAL ANALYSIS

Data were analysed and statistical calculations
performed using Microsoft Excel 5.0 (Micro-
soft Corporation, Redmond, WA). All ana-
tomical variables were normally distributed
and are quoted as means with standard errors
of the mean; mean values in men and women
were compared with the unpaired two-tailed
Student’s t test, defining significance as
p<0.05. Category comparisons were per-
formed with the ÷2 test.

Results
SUBJECT CHARACTERISTICS

The men and women were matched for age,
body mass index, and subjective sleepiness as
assessed by the Epworth Sleepiness Scale. The
men showed higher mean body weight, fat free
mass and neck circumference, while percent-

age body fat content and total body fat mass
were higher in women (table 1). The necks of
men required more equidistant image slices to
cover the full length of the neck (mean (SE) 18
(0.8) slices, 7 (0.4) above the uvula and 12
(0.8) below) than those of women (16 (0.4)
slices in total (p = 0.02), 5 (0.3) above the
uvula (p = 0.002) and 11 (0.2) below (p =
0.6)), reflecting the greater length of the necks
of men.

NECK FAT AND TISSUE VOLUMES

The total neck soft tissue volume was larger in
men (1295 (62) cm3) than in women (928
(45) cm3, p = 0.0002). This diVerence was
made up by non-fat soft tissue; the actual vol-
ume of fat was similar in the two sexes (291
(29) vs 273 (18) cm3, p = 0.6). The pattern was
not altered when allowance was made for the
greater length of men’s necks by correcting for
the number of image slices from which the vol-
ume was derived (soft tissue, 71 (3) cm3/slice
for men vs 57 (2) cm3/slice for women, p =
0.001; fat volume, 16 (2) cm3/slice for men vs
17 (1) cm3/slice for women, p = 0.5). Fat
volume as a percentage of total soft tissue vol-
ume was therefore significantly higher in the
necks of women (22 (2)% vs 29 (1)%, p =
0.002). If within each sex the percentage of fat
in the neck soft tissue (derived from the MRI
scans) was compared with the percentage of fat
in the whole body (derived from skin fold
measurements), then in men there was a
greater proportion of fat in the neck than in the
body as a whole (neck fat 22 (2)% of neck tis-
sue vs whole body fat 17 (11)% of body mass,
p<0.05). In women the reverse was true (neck
fat 29 (1)% vs body fat 33 (1)%, p<0.05).

REGIONAL DISTRIBUTION OF NECK FAT

Fat distribution was analysed with the neck
divided longitudinally into palatal and subpala-
tal sections, and radially into segments centred
on the airway (fig 1). This analysis identified
two regions in which men had a larger absolute
volume of fat than women (table 2, fig 2A). In
the anterior segments inside the mandible at
the palatal level, which are adjacent to the air-
way, overall fat volumes were small but were
significantly greater in men than in women (p =
0.01). There was also significantly more fat in
the posterior segments at the palatal level in
men (p = 0.03); inspection of the images
suggested that this was largely due to subcutan-
eous fat at the back of the neck. The remainder
of the segmental analysis showed a pattern of
significantly greater non-fat soft tissue volumes
in men than in women, but similar volumes of
fat in the two sexes. When fat volumes were
considered as percentages of the volume of soft
tissue in each region, there was a consistently
higher percentage of fat in women which did
not always reach statistical significance (table
2). The exceptions were the anterior segments
inside the mandible at the palatal level.

To analyse the pattern of fat distribution
without any bias from the sex diVerence in
absolute tissue volumes, the fat volume in each
region was also considered as a percentage of
the total neck fat volume for that individual

Table 1 Mean (SE) characteristics of study subjects

Men Women

Age (years) 36 (3) 37 (3)
Epworth sleepiness score 5 (0.9) 5 (1.0)
Body mass index (kg/m2) 25 (0.6) 25 (0.6)
Weight (kg) 81 (3) 67 (2)*
Body fat (%) 17 (1.4) 33 (1.2)**
Body fat mass (kg) 14 (1.3) 22 (1.1)**
Body fat-free mass (kg) 68 (3) 45 (2)**
Neck circumference (cm) 38 (0.5) 33 (0.4)**

*p<0.01; **p<0.001.

Table 2 Mean (SE) soft tissue (including fat) and fat volumes analysed in segments at
the palatal and subpalatal levels. Fat volumes are also expressed as percentages of the soft
tissue in each defined region and as a percentage of the total neck fat volume

Palatal level Subpalatal level

Men Women Men Women

Anterior segments inside mandible:
Soft tissue (cm3) 62 (3) 41 (3)*** 99 (8) 85 (4)
Fat (cm3) 3.2 (0.7) 1.1 (0.3)* 21 (3) 27 (2)
Fat as % of soft tissue 5 (1.0) 3 (1.0) 21 (2) 32 (3)**
Fat as % of total neck fat 1.3 (0.3) 0.4 (0.1)* 7 (0.7) 10 (1.0)*

Anterolateral segments inside mandible:
Soft tissue (cm3) 25 (2.4) 15 (1.5)** 64 (5) 49 (3)*
Fat (cm3) 1.5 (0.2) 1.2 (0.2) 16 (3) 18 (2)
Fat as % of soft tissue 7 (1.2) 9 (1.3) 23 (3) 37 (2)**
Fat as % of total neck fat 0.6 (0.09) 0.4 (0.05) 5 (0.5) 7 (0.4)*

Anterior and anterolateral segments outside mandible:
Soft tissue (cm3) 138 (9) 89 (4)*** 72 (6) 62 (5)
Fat (cm3) 37 (3.6) 30 (1.5) 18 (3) 29 (3)*
Fat as % of soft tissue 27 (1.3) 33 (0.9)** 29 (3) 47 (2)***
Fat as % of total neck fat 14 (1.6) 11 (0.9) 7 (0.7) 11 (1.1)**

Posterior segments:
Soft tissue (cm3) 333 (16) 199 (16)*** 509 (45) 388 (25)*
Fat (cm3) 84 (8) 59 (6)* 111 (16) 108 (10)
Fat as % of soft tissue 25 (3) 30 (2) 20 (2.5) 28 (1.7)*
Fat as % of total neck fat 30 (2.9) 21 (1.3)** 36 (4) 39 (2)

Significance of diVerences between men and women in each region: *p<0.05; **p<0.01;
***p<0.001.

Neck soft tissue and fat distribution 325
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(table 2; fig 2B). Again, there was greater
deposition of fat in men in the anterior
segments inside the mandible at the palatal
level (p = 0.03) and in the posterior segments
at the palatal level (p = 0.01). Overall, 46
(4.4)% of total neck fat in men was at the pala-
tal level compared with 33 (1.8)% in women (p
= 0.01). The bulk of this fat was in the poste-
rior segments or in the parts of the anterior and
anterolateral segments outside the line of the
mandible (fig 2).

TONGUE, SOFT PALATE AND LATERAL FAT PADS

The mean cross sectional area of the tongue on
the midline sagittal image was greater in men
than in women (31 (1.5) cm2 vs 26 (0.8) cm2, p
= 0.02). Neither the absolute area of the
tongue comprised of pixels of fat intensity (2.3
(0.7) cm2 vs 2.1 (0.3) cm2, p = 0.8) nor the
proportional area of fat (8 (3.0)% vs 8 (1.2)%,
p = 0.9) diVered between men and women.
Similarly, the mean cross sectional area of the
soft palate on the same image was greater in
men than in women (459 (34) mm2 vs 318
(27) mm2, p = 0.005), while the area of fat and
the percentage of fat did not diVer between the

sexes (51 (15) mm2 vs 46 (11) mm2, p = 0.8; 14
(5)% vs 14 (3)%, p = 0.9).

The ellipses constructed to contain the fat
pads lateral to the airway, extended through all
the image slices on which these pads were vis-
ible, contained a mean total volume of 41
(2.2) cm3 in men and 39 (1.9) cm3 in women
(p = 0.5). Within this, the volume of fat was 2.7
(0.4) cm3 in men and 3.2 (0.4) cm3 in women
(p = 0.4).

AIRWAY

The minimum cross sectional area of the
airway did not diVer significantly between the
sexes (table 3). The minimum area was
observed on a slice in the palatal region in
seven of 10 men and in five of 10 women (p =
0.4). Mean airway cross sectional area was
similar in men and women when considered
over the whole length of the neck and also in
the palatal region. In the subpalatal region the
mean airway area was significantly greater in
men (table 3).

Discussion
This study has shown that the pattern of fat
deposition in the neck close to the upper airway
diVers between men and women and that the
larger soft tissue volume in the necks of men is
mainly due to soft tissue other than fat. It has
also shown that the necks of men contain a
higher proportion of fat than their bodies as a
whole, while the reverse is true of women
matched for BMI.

We found only one region closely related to
the airway in which men showed a significantly
greater absolute volume of fat than women—
namely, the anterior segments inside the line of
the mandible at the palatal level. Men also had
a greater proportionate deposition of neck fat
in these segments than women, so this
observation is not due to the greater length or
diameter of the male neck. These segments
may be of pathophysiological significance in
snoring and sleep disordered breathing as they
will contribute to mass loading on the palatal
airway, a frequent site of sleep related airway
obstruction in SAHS.18 19 As these segments
are anterior to the airway, loading will be great-
est when the subject lies supine, the position in
which sleep disordered breathing is most
severe.20 21

The major anatomical structures in the
anterior segments inside the mandible at the
palatal level, which showed greater fat deposi-
tion in men, are the soft palate and the upper
part of the tongue. We analysed the cross
sectional areas of tissue and fat in these

Figure 2 Mean (SE) distribution of neck fat in men and women: (A) absolute volumes;
(B) proportional distribution of fat volume in each region as a percentage of total neck fat
for that individual. Significance of diVerence between men and women: *p <0.05;
**p <0.01.
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Table 3 Mean (SE) pharyngeal airway dimensions (mm2)

Men Women

Average airway cross sectional area:
Whole neck 130 (9) 109 (12)
Palatal region 78 (9) 85 (12)
Subpalatal region 160 (12) 119 (13)*

Minimum cross sectional area:
Whole neck 41 (5) 37 (7)
Palatal region 45 (5) 52 (12)
Subpalatal region 67 (9) 49 (5)

*p<0.05.
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structures in the medial sagittal plane and
found no sex diVerence in fat deposition. This
could be explained by non-uniform fat deposi-
tion within the tongue; in particular, the
midline fibrous septum of the tongue (which is
imaged on the midline sagittal section) showed
few pixels of fat density on our images, as the
small fat deposits in the tongue were scattered
through the muscle bundles. The segmental
volume analysis may therefore demonstrate a
genuine diVerence which is not detectable on
cross section area analysis.

These findings concerning diVerences be-
tween the sexes in fat deposition must be inter-
preted with caution. Although the anterior seg-
ments inside the mandible at the palatal level
are potentially important in the pathophysiol-
ogy of sleep disordered breathing, the absolute
volume of fat in this region is small; indeed,
these segments showed the least fat as a
proportion of soft tissue of all the regions ana-
lysed (table 2, fig 2). Upper airway collapse
during sleep can also occur in the retroglossal
airway below the level of the uvula18 19 and the
anterior and anterolateral segments in this
region showed greater proportionate fat depo-
sition in women. The eVect of sex on the site of
airway collapse in SAHS has not been studied
and, in particular, it is not known whether the
retroglossal airway is more prone to collapse
during sleep in women than in men; this study
has shown that women have both greater fat
deposition and a narrower airway in this area.

The greatest diVerences in fat deposition
between the sexes, and the largest volumes of
neck fat in both sexes, were found in the
segments posterior to the airway. Fat here is
largely posterior to the spinal column and is
unlikely to provide significant mass loading on
the airway during sleep (fig 1). The regions
outside the mandible in the anterior part of the
neck are also less directly relevant to the airway,
although increased tissue bulk could predis-
pose to jaw opening during sleep and hence
contribute to upper airway narrowing. Men
showed greater soft tissue volume here, as in
most other regions, but fat deposition was not
significantly diVerent between the sexes at the
palatal level and was greater in women at the
subpalatal level (fig 2).

Discussion of the significance of the diVer-
ences in fat distribution should not obscure the
major diVerence between the sexes observed in
this study. The overall volume of soft tissue was
greater in the male neck, both as a whole and in
every segment analysed (table 2), and men had
more bulky tongues and soft palates. Non-fat
soft tissue made up the greatest part of this dif-
ference since the fat volume was similar in men
and women. This tissue is predominantly mus-
cle, and reduction in muscle tone during sleep
will increase the significance of simple tissue
bulk as a factor in airway collapse.

The airway dimensions we have observed are
compatible with our previously published find-
ings of similar average cross sectional airway
dimensions in supine men and women when
considering the whole length of the airway.10

The technique of MRI allows us to analyse the
airway at diVerent levels, and in this study we

have found significantly greater mean cross
sectional area in the subpalatal airway in men.
Minimum cross sectional airway area may be
more important than mean values when
considering the propensity of the airway to col-
lapse, and we found no diVerence between the
sexes in minimum area, and also no diVerence
in the anatomical site of the minimum area.

Potential problems inherent in this study
include the matching of the populations and
the limitations of the measurement and statisti-
cal techniques used. There is no ideal method
to match men and women for the degree of
obesity, given that both body fat content and
overall body size diVer between the sexes and
that no single “body mass index” provides an
ideal non-biased measure of obesity in both
men and women.22 We have chosen the formula
for body mass index originally devised by
Quetelet (weight/height2) as it is a well charac-
terised and widely used anthropometric index
of obesity.23 24 It provides similar (although not
identical) average values in men and women,
and is suitable for anthropometric purposes as
it is independent of the concept of “ideal
weights” calculated from mortality data which
diVer between the sexes.22 Men and women
matched by BMI will inevitably show diVerent
ranges of neck circumference and body fat
content.10 25 If the sexes were matched for either
neck circumference or body fat, the compari-
sons would then be made between two popula-
tions unrepresentative of “normality” for their
respective sexes; indeed, these populations
would represent opposite extremes of obesity
in each sex.

Potential limitations of the measurement
technique include the need to use non-
automatic thresholding of the images to
separate fat from other tissues on each image.
This was because of within-slice and between-
slice variations in intensity due to non-
uniformities in sensitivity of MRI neck coils
when a subject is in place—as seen, for
example, in the intensity of the two parotid
glands in fig 1A. This problem was com-
pounded by the similar intensity to fat on T1
weighted images of some other neck tissues,
particularly parotid. In order to give satisfac-
tory separation of tissue types during image
analysis it was therefore necessary to introduce
some subjectivity into the measurements by
varying the fat threshold, judged from anatomi-
cal features, between diVerent segments as
each image was analysed. In our images, fat
typically has an intensity 2–3 times that of
other soft tissues. It is possible that, despite
this, small volumes of tissues such as lymphat-
ics have been included as “fat” in our analysis.
In future studies these problems may be
reduced by improved T1 weighted pulse
sequences with less susceptibility to coil
inhomogeneity. Subjectivity in image interpret-
ation also proved unavoidable in the determi-
nation of tongue area on the midline sagittal
image; the lower border of the tongue was not
clearly defined by variations in image intensity
and had to be defined by reference to known
anatomical structures. We have previously
reported the repeatability of our method for
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assessment of fat volumes15 which has a
coeYcient of variation of 11%. This variability
would tend to obscure rather than exaggerate
the significance of the observed diVerences. A
further reason for caution in the interpretation
of our results is the problem inherent in all
studies involving more than one statistical
comparison. This paper contains comparisons
of 66 pairs of data, thus three comparisons
would be expected to show significant diVer-
ences (p<0.05) through chance alone.

In conclusion, the sex diVerence in the
prevalence of sleep disordered breathing is
likely to be multifactorial. We have found
significant diVerences between normal men
and women in the pattern of deposition of fat
close to the upper airway which may be one
factor. The larger overall soft tissue bulk of the
male neck in combination with dynamic effects
of diVering muscle activity may, however, prove
to be of greater significance.
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