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ABSTRACT: We have recently shown that patients with sleep apnoea have 
thicker necks than non-apnoeic snoring controls. However, it was not clear 
whether this difference simply reflects the fact that apnoeic patients are more obese 
than the non-apnoeic ones, or whether it represents a preferential distribution of 
fat over the neck region compared to the abnormal region. 

We therefore measured the neck and abdominal circumferences in a large group 
of 670 patients suspected of having sleep apnoea, all of whom had full nocturnal 
polysomnography, including measurement of snoring. We divided these patients 
into apnoeic and non·apnoelc groups based on the apnoea/hypopnoea index (AHI) 
of 10. 

Apnoeic patients had significantly higher body mass index (BMI), neck, and 
abdominal circumferences than non-apnoeic controls. We then matched apnoeic 
and non-apnoeic patients exactly, one-for-one for BMI and age; this procedure 
left us with 156 patients in each group. Abdominal circumferences were similar, 
but the neck circumference was significantly higher in apnoeic patients (41.2±3.5 
cm vs 39.1±3.7 cm, p<0.0001). Multiple stepwise linear regression analysis revealed 
that neck circumference and BMI correlated significantly with apnoea (multiple 
R2=0.27, p<0.001) and snoring (multiple R2=0.19, p<0.001). 

We conclude that obese patients with sleep apnoea have fatter necks than 
equally obese non-apnoeic snorers, and that the neck circumference could be a 
significant determinant of apnoea and snoring. 
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Patients with obstructive sleep apnoea (OSA) are 
commonly overweight; many of them are obese [1]. It 
is thought that obesity may have a very specific role 
in the pathogenesis of sleep apnoea [2], and weight loss 
may afford a complete cure (3, 4]. Since pharyngeal 
abnormalities and obesity play an important role in the 
pathogenesis of sleep apnoea, and neck fat may influ
ence pharyngeal properties [5-8], we hypothesized that 
the neck and abdominal circumferences bear a 
relationship to sleep apnoea. 

with sleep apnoea have more fat over the neck than 
over the abdominal region. 

We have previously demonstrated that patients with 
OSA have thicker necks than non-apnoeic snorers [9], 
but due to the relatively small number of patients 
studied we were unable to match apnoeic and non
apnoeic patients for body mass index (BMI), age, and 
sex. Since the apnoeic patients are more obese than 
the non-apnoeic ones, the question which remained to 
be answered is whether the difference in neck circum
ference is simply a reflection of generalized obesity, or 
whether it represents altered local distribution of fat in 
apnoeic vs non-apnoeic snorers. 

The present study was designed to test the hypothesis 
that, for the same degree of generalized obesity, patients 

Methods 

Patient selection 

The study population consisted of all patients referred 
to the Sleep Clinic at St. Michael's Hospital because 
of suspicion of sleep apnoea. They all complained of 
snoring, and most of them had other complaints sug
gestive of sleep apnoea. All snorers were enrolled 
consecutively, without any pre-selection. At the time 
of this writing we had 670 such patients, none of whom 
were included in our previous study [9]. 

Measurements 

Full nocturnal polysomnography was performed in all 
patients using the conventional montages and scored 
according to the conventional criteria [10]. 
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An additional measurement, which is a part of rou
tine polysomnography in our laboratory, is monitoring 
of snoring. This is done using a microphone attached 
to the middle of the respitrace chest band at the level 
of the third rib. The output of the microphone was fed 
into a ·sound meter (Model SL120, Pacer Industries, 
Toronto, Canada), calibrated in the range of 40-110 dB 
using a 1 kHz signal. Snores were defined as inspira
tory noises registering greater than 60 dB; with our 
set-up, normal breathing during wakefulness, including 
sighing, registered at less than 45 dB, while simulated 
snoring during wakefulness was normally greater than 
50 dB. To avoid any ambiguities, we selected 60 dB 
as the snoring threshold. Snoring index (SI) was 
defined as the total number of snores per hour of sleep 
time. The sound trace is displayed along with all other 
variables on a polygraph recorder (Model 78E, Grass 
Instruments, Quincy, MA, USA) with a paper speed of 
100 mm·s·1• 

The degree of obesity was assessed indirectly 
by employing three indices: body mass index (BMI = 
weight (kg)·height·2 (m)) [11], neck circumference, 
and abdominal circumference. The neck circumference 
was measured at the superior border of the cricothyroid 
membrane, with the patient awake and in the up
right posture. Although the greatest amount of fat 
in these patients is usually in the submental region, 
we elected to measure the circumference at the crico
thyroid membrane for better standardization. The 
abdominal circumference was measured in the same 
posture at the level of ischial tuberosities. This 
measurement is similar to the conventional waist 
measurement as described by HALL and YoUNG [12]; 
we elected to measure at the level of ischial tuberosi
ties rather than at the navel for more uniform 
standardization. All measurements were performed 
by three technologists, who were given identical 
instructions regarding the measurement technique. 

The results of both measurements were recorded to the 
nearest 0.5 cm to minimize the inter- and intra
observer measurement error. The neck and abdominal 
circumferences were measured on the night of the sleep 
study. 

Data analysis 

We took the set of 670 patients, divided them into 
apnoeic and non-apnoeic groups based on the apnoea/ 
hypopnoea index (AHI) of 10, and used unpaired t-test 
to compare their anthropometric and sleep data. We 
then employed single linear regression analysis to 
correlate AHI (and SI) with age, BMI, neck and 
abdominal circumference. Variables which showed 
significant correlation were then entered into stepwise, 
forward, multiple linear regression analysis. 

We subsequently performed exact, one-for-one 
matching of apnoeic and non-apnoeic patients for BMI 
and age, and used unpaired t-test to compare anthropo
metric variables, sleep data, neck and abdominal 
circumferences between these two groups. 

All statistical analysis, including matching, was 
performed using SAS statistical software, release 6.04 
(SAS Institute, Gary, IN, USA). 

Results 

Table 1 shows that apnoeic patients were trivially, 
but significantly, older and more obese than the non
apnoeic controls. They snored louder and more 
frequently, and had lower nocturnal oxygen saturation. 
The neck and abdominal circumferences were signifi
cantly higher in the apnoeic patients than in the 
non-apnoeic controls. 

Table 1. - Anthropometric, sleep and obesity data for 670 patients 

Non-OSA OSA 
Variable p 

Sex M:F 198:134 282:56 0.0001 
Age yrs 45±14 50±12 0.0001 
Weight kg 79.8±16.4 95.4±22 0.0001 
Height cm 169±10 177±93 NS 
Body mass index kg·m·2 28±5.3 32.3±7.6 0.0001 
Apnoea/hypopnoea index 4±2.8 39.2±25.6 
Snoring index 131±208 345±283 0.0001 
Maximum nocturnal sound 83±12 88±9 0.0001 

intensity dB 
Awake oxygen saturation % 98±1.7 97.8±2.2 NS 
Lowest nocturnal oxygen 89±45 75±14 0.0001 

saturation % 
Mean nocturnal oxygen 93.6±2.1 91.3±4.5 0.0001 

saturation % 
Neck circumference cm 38.4±3.9 42.7±4.4 0.0001 
Abdominal circumference cm 98.4±14.7 109.8±17.9 0.0001 

OSA: obstructive sleep apnoea. (mean±so ). 
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Single linear regression analysis showed that age, 
BMI, abdominal and neck circumferences correlated 
significantly with AHI (and SI). However, when we 
entered these variables into multiple, stepwise, forward 
linear regression analysis (table 2), we found that neck 
circumference was the strongest correlate of AHI 
(multiple R2=0.27, p<O.OOl), whilst BMI was the 
strongest correlate of SI (multiple R2=0.19, p<O.OOl). 

We examined the effect of sex on these relationships 
by analysing males and females separately; the results 
were similar to those found for the entire group (table 2). 

When apnoeic and non-apnoeic patients were matched 
for BMI and age, the difference in the abdominal cir
cumference disappeared, but the neck circumference 
remained significantly higher in the apnoeic patients 
(table 3). 

Table 2. - Results of multiple, stepwise, forward linear regression analysis for apnoea/ 
hypopnoea and snoring indices 

Dependent variable: Apnoea/hypopnoea index 

All subjects 

Independent Partial p Partial 
variable R2 R2 

Neck circ. 0.2598 0.0001 0.1993 
BMI 0.0076 0.0087 0.0145 

Dependent variable: snoring index 

All subjects 

Independent Partial p Partial 
variable Rl R2 

BMI 0.1785 0.0001 0.1096 
Neck circ. 0.0067 0.0273 0.0117 

BMI: body mass index. 

Males 

p 

0.0001 
0.0057 

Males 

p 

0.0001 
0.0187 

Partial 
R2 

0.2025 

Partial 
Rl 

0.3193 

Females 

Females 

Table 3. - Anthropometric, sleep and obesity data for 312 patients 
matched for body mass index and age 

Non-OSA OSA 
Variable p 

Sex M:F 104:52 136:20 0.0001 
Age yrs 48:t12 48:t12 
Weight kg 81.5:t14 84.8±15.2 0.0457 
Height cm 170:t9 173:t9 0.0002 
Body mass index kg·m·2 28.3±4.7 28.1±4.5 
Apnoea/hypopnoea index 4.3±2.9 35.5:t24.3 
Snoring index 135±199 299:t277 0.0001 
Maximum nocturnal sound 83±12 88:t10 0.0001 

intensity dB 
Awake oxygen saturation % 98.1±1.8 98.2:t1.5 0.4647 
Lowest nocturnal oxygen 86.8:t4.8 78.2±12.5 0.0001 

saturation % 
Mean nocturnal oxygen 93.5±2.1 92.3±4.4 0.0021 

saturation % 
Neck circumference cm 39.1±3.7 41.2±3.5 0.0001 
Abdominal circumference cm 100.9±12.9 100.9±13.5 0.5316 

OSA: obstructive sleep apnoea. (mean:tso). 

Discussion 

p 

0.0001 

p 

0.0001 

To test whether this holds true even in the non-obese 
patients we rejected all of the obese patients, leaving 
only those with BMI:s:26 (220 patients). The results 
showed that only neck circumference, and not BMI, 
was a significant determinant of apnoea and snoring, 
accounting for 14% of variability in AHI and 11% of 
variability in SI. 

We have demonstrated that equally obese apnoeic 
and non-apnoeic snorers differ in their neck size; 
patients with sleep apnoea have thicker necks 
but similar abdominal girths compared to non
apnoeic controls. We interpret these findings as being 
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indicative of differences in local distribution of body 
fat. 

This interpretation is contingent upon the assumption 
that BMI, neck circumference and abdominal girth are 
good descriptors of total and regional body fat. Meas
urements of body fat have utilized a variety of 
techniques, such as body density, determination of fat 
or water by isotopic or chemical dilution, measurement 
of the potassium 4°K isotope, bioelectric impedance, 
etc. [11-13]. In practice, most assessments of obesity 
are based on anthropometric measurements which 
include determination of height, weight, various body 
diameters and circumferences, and measurement of 
skinfold thickness. The body mass index is the most 
widely used parameter to describe obesity, and its cor
relation with other techniques for measuring body fat 
ranges between 0.7-0.8 [11). We found highly signifi
cant correlation between BMI and neck circumference 
(r=0.63, p<0.0001) as well as between BMI and the 
abdominal circumference (r=0.82, p<0.0001), which 
implies that the amount of body fat is related to the 
circumferences - a finding well confirmed in the litera
ture [13]. It is quite likely that both circumferences -
abdominal and neck - reflect to some extent central 
obesity. 

There is justification in the literature for interpreting 
neck circumference as an index of regional distribution 
of fat. Other circumferences, such as waist, hip, 
thigh, biceps, etc. and circumference rations, such as 
waist/hip and waist/thigh, have been used and validated 
to describe the distribution of fat. As pointed out by 
MuELLER et al. [13), there is no good justification for 
using any particular circumference or circumference 
ratio in preference to another. Waist/hip ratio, which 
is used most commonly, seems to have spread through 
the literature simply because it is easy to measure and 
it has been collected in certain studies. In fact, there 
is evidence that the waist/thigh ratio, rather than the 
waist/hip ratio, is the best index to use when studying 
the relationship between the cardiovascular risk factors 
and obesity [13]; furthermore, it appears that the waist 
circumference by itself may be as good as the circum
ference ratios in explaining these risk factors. The 
abdominal circumference as measured in the present 
study is very similar to the measurement of waist 
circumference as described by HALL and YouNG [12]. 

Assuming that neck circumference describes local 
neck fat, there still remains a question of subcutaneous 
versus intrapharyngeal fat. Several studies [14, 15] 
have indicated that it is the visceral, rather than sub
cutaneous fat that correlates best with pharyngeal area 
and abnormal respiratory function, including sleep ap
noea. The most direct information regarding 
intrapharyngeal fat comes from computed tomographic 
and magnetic resonance imaging [2, 16, 17). These 
studies have indicated that there is no well-demarcated 
local fat deposit immediately adjacent to the site of 
airway narrowing in patients with OSA. However, 
there are fat deposits in the palatopharyngeal, glos
sopharyngeal and laryngopharyngeal airspace - and this 
may be important in the pathogenesis of sleep apnoea. 

Since we did not perform direct measurements of 
visceral fat, we cannot unequivocally equate the neck 
or abdominal circumference with local amount of neck 
or abdominal fat. 

An association between obesity and sleep apnoea is 
well-accepted. However, since obesity and sleep 
apnoea are two common disorders, it is possible that 
this association is a random one. Several lines of evi
dence indicate that this is not the case; obesity and 
sleep apnoea may have common factors, in particular 
various neuroendocrine abnormalities [18]. For exam
ple, animal studies indicate that insulin may be associ
ated with sleepiness [19], and human studies indicate 
that insulin metabolism may be abnormal in patients 
with sleep apnoea [18]. Of even more interest is the 
recent observation by KIRSCHNER et al. [20), which 
shows that women with upper body obesity have higher 
testosterone and oestradiol levels than women with 
lower body obesity. The entire area of hormonal ab
normalities as markers for sleep apnoea, obesity, hy
pertension, etc. is currently under active investigation. 

Our results suggest that association between obesity 
and sleep apnoea is not random, since BMI is a 
significant determinant of AHI. Moreover, it appears 
that increased deposition of fat in the neck, rather than 
obesity in general, is an important determinant of sleep 
apnoea. It remains strictly speculative whether this 
conclusion will lead to therapeutic implications in terms 
of procedures designed to remove fat from the 
submental region. 
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