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ABSTRACT: Anatomical pharyngeal and craniofacial abnormalities have been
reported using upper airway imaging in snorers with or without obstructive sleep
apnoea (OSA). However, the influences of the age and weight of the patient on these
abnormalities remain to be established. The aim of this study was, therefore, to
evaluate in a large population of snorers with or without OSA, the relationship
between body mass index (BMI), age and upper airway morphology.

One hundred and forty patients were referred for assessment of a possible sleep-
related breathing disorder and had complete polysomnography, cephalometry and
upper airway computed tomography.

For the whole population, OSA patients had more upper airway abnormalities
than snorers. When subdivided for BMI and age, however, only lean or younger
OSA patients were significantly different from snorers as regards their upper airway
anatomy. The shape of the oropharynx and hypopharynx changed significantly with
BMI both in OSA patients and snorers, being more spherical in the highest BMI
group due mainly to a decrease in the transverse axis. On the other hand, older
patients (>63 yrs), whether snorers or apnoeics, had larger upper airways at all
pharyngeal levels than the youngest group of patients (<52 yrs). For the total group
of patients, upper airway variables explained 26% of the variance in apnoea/hypop-
noea index (AHI), whereas in lean (BMI <27 kg·m-2) or youngest (age <52 yrs) sub-
jects upper airway variables explained, respectively 69 and 55% of the variance in
AHI.

In conclusion, in lean or young subjects, upper airway abnormalities explain a
major part of the variance in apnoea/hypopnoea index and are likely to play an
important physiopathogenic role. This study also suggests that the shape of the pha-
ryngeal lumen in awake subjects is more dependent on body mass index than on
the presence of obstructive sleep apnoea. Further investigation looking at upper air-
way imaging for surgical selection in obstructive sleep apnoea should focus on lean
and young patients.
Eur Respir J., 1996, 9, 1801–1809.

*Dept of Respiratory Medicine and Sleep
Laboratory, +ANTADIR, **Dept of Maxillo-
facial Surgery, ++Dept of Radiology, ‡PRETA
Laboratory, University Hospital, Grenoble,
France.  †Dept of Respiratory Medicine,
Hôtel-Dieu de Montréal, Montreal University,
Quebec, Canada.

Correspondence: P. Lévy
Département de Pneumologie
Unité Sommeil et Respiration
CHU de Grenoble
BP 217 X
38043 Grenoble
France

Keywords: Age
body mass index 
obstructive sleep apnoea
pathophysiology
snoring
upper airway imaging

Received: November 24 1995
Accepted after revision May 2 1996

Upper airway and craniofacial anatomical abnormali-
ties have been described in snorers [1–3] and obstruc-
tive sleep apnoea (OSA) patients [1–27]. When compared
to snorers, OSA patients have been found to have increas-
ed soft palate length and the hyoid bone displaced inferi-
orly [1, 2]. In OSA, cessation of breathing occurs because
of repetitive occlusion of the upper airway, but upper air-
way abnormalities are generally weakly correlated with
apnoea severity, expressed either as apnoea/hypopnoea
index (AHI) or desaturation index, and explain only a low
percentage of the variance in AHI [1, 4]. This reflects the
complexity of the pathophysiology of OSA and questi-
ons the pathophysiological relationship between obstruc-
tive sleep apnoea and upper airway abnormalities.

There is evidence that OSA patients with a low body
mass index (BMI) may have a higher incidence of upper
airway abnormalities [4]. Also, in OSA patients, upper
airway morphology seems to differ according to neck

size or BMI. Obese patients show increased upper air-
way soft tissue dimensions, and non-obese patients demon-
strate abnormal craniofacial structure, while intermediate
patients have both craniofacial and upper airway soft-
tissue abnormalities [26]. In addition, it has been sug-
gested that upper airway morphology changes with age,
as shown by an increase in the distance from the mandi-
bular plane to the hyoid bone (MP-H) [2] in older con-
trols, while the pharyngeal cross-sectional area has been
described either as reduced [12, 20] or enlarged [22, 25]
in elderly subjects. These conflicting results suggest that
in apnoeics of different age [25] or weight, different ana-
tomical or physiological mechanisms may play the major
role in the propensity to apnoea.

The aim of this study was, therefore, to evaluate, in a
large population of snorers with or without OSA, the relati-
onships between BMI, age and upper airway morphology.
Upper airway imaging was performed by cephalometry



and computed tomography (CT) which are complemen-
tary techniques in terms of skeletal and soft tissue eva-
luation. We hypothesized that both the type of upper
airway abnormalities and their importance in OSA patho-
physiology will be different according to the BMI or the
age of the patients.

Methods

Patients

One hundred and forty consecutive patients referred
to a regional University Sleep Laboratory for a suspect-
ed sleep-related breathing disorder (SRBD) were includ-
ed in the study. Disease was suspected on the basis of
a history of snoring, with or without daytime hyper-
somnolence or chronic fatigue.

Study design

A retrospective analysis of a cohort of patients who
underwent complete polysomnography, lateral cephalo-
metry and computed tomography of the pharynx at their
initial evaluation was performed. Patients were stratifi-
ed according to: their AHI (<15 or ≥15 disordered breath-
ing events·h-1); their age (<52, 52–63, >63 yrs); or their
BMI (<27, 27–30, >30, kg·m-2). To investigate the effect
of age and BMI on upper airway morphology and im-
plications for OSA pathophysiology, upper airway mea-
surements were compared in the different age and BMI
subgroups, and also between patients with an AHI <15
vs ≥15. Correlation between upper airway measurements
and AHI and multiple stepwise regression analysis with
AHI as the dependent variable were also performed for
the overall population and the different age and BMI
subgroups.

Upper airway imaging

Cephalometry.  Lateral cephalometric radiographs were
obtained using the technique described by RILEY et al. [5].
Briefly, the patient was seated with his head in a neu-
tral position, with the gaze parallel to the floor and the
teeth together. The radiographic plate was placed next
to the left side of the face and the cone 1.5 m from the
patient. Exposures were taken while the patient slowly
exhaled a moderately deep breath. The following mea-
surements were made from the radiograph: 1) MP-H dis-
tance (position of the hyoid bone), from the mandibular
plane (a plane constructed from gnathion (Gn) through
gonion (Go)) to the hyoid bone (H); 2) the posterior air-
way space (PAS), measured between the posterior pha-
ryngeal wall and the dorsum of the tongue on a line
joining gonion (Go) to the supamentale (A); 3) PNS-P
(length of the soft palate), from the posterior nasal spine
to the tip of the palate; 4) soft palate width (SPW), max-
imal width of soft palate measured on cephalometry; and
5) mandibular length and position (as described by RIVLIN

et al. [9]) (fig. 1a). 
The following definitions were used for this evalua-

tion: a) "supramentale", the point of greatest concavity
on the anterior surface of the symphysis of the mandible;
b) "condylion", the most superior and posterior point on

the head of the mandibular condyle; c) "sella", the cen-
tre of the hypophyseal fossa (sella turcica); "horizontal re-
ference plane" (HRP) (mean occlusal plane), a horizontal
axis or reference line; this plane passes interocclusally be-
tween the maxillary and mandibular first permanent mo-
lars and bisects the incisor overlap; "mandibular length",
the distance from A to B in mm, as projected on the HRP;
"mandibular position", the distance from B to C in mm, as
projected on the HRP (this distance depends on three fac-
tors: vertical orientation of the mandible; angle of HRP
and position of the condylion (point B) relative to the cra-
nial base (c), a vertical and posterior displacement of the
mandible resulting in a greater HRP angle and a shorter
B-C length [27]); "posterior mandibular displacement",
the distance from A to C in mm as projected on the HRP.

Computed tomography (CT).  CT scanning was used to
measure the minimal luminal area of the airway at the
level of the nasopharynx (NP) (upper limit (UL): cranial
base; lower limit (LL): posterior border of the hard pal-
ate), oropharynx (OP) (UL: posterior border of the hard
palate; LL: tip of the soft palate), and hypopharynx (HP)
(UL: tip of the soft palate; LL: tip of the epiglottis).
Scans were performed on a CE 12,000 CGR computed to-
mographic scanner, with a 3.4 s scan time. Patients were
observed closely to ensure that they remained awake
throughout the procedure and did not swallow during
imaging. Scanning was performed during quiet breath-
ing. The subjects were placed in the supine position on
the scanning table, with the neck placed in a neutral posi-
tion midway between flexion and extension. Two sec-
tions were obtained from the level of the nares and the
maxillary sinus in order to detect any nasal occlusion or
other anatomical abnormality at these levels. Five mil-
limetre thick slices were made every 10 mm from the
hard palate to the epiglottis. Care was taken to ensure
that all cuts were perpendicular to the airway lumen to
allow accurate assessment of the cross-sectional area.
For this purpose, an integral software programme was
used to determine the contours of the pharyngeal lumen. 

To appreciate the shape of the pharyngeal lumen the
anteroposterior (AP) and transverse (T) diameters were
also measured at all pharyngeal levels and expressed as
a ratio (AP/T). The size of the base of tongue was esti-
mated (as described by LARSSON et al. [15]) (fig. 1c) by
the measurement of the interhyoglossal distance (IHL)
and the genioglossal width (GW) at the intersection with
the hyoglossus. Finally, the skeletal boundary enclosing
the upper airway was evaluated as described by SHELTON

et al. [23]. For this purpose, the area between the mandi-
bular rami at a level just below the hard palate (Surface
(Su)) was determined (using a formula for a trapezoid)
and the distance between the incisors and the middle of
the line joining the posterior borders of the mandibular
rami (Distance (L)) was measured (fig. 1b) The window
settings were standardized for all of the patients.

Sleep studies

Overnight polysomnography was performed in a stan-
dard fashion [28], and was scored manually according to
RECHTSCHAFFEN and KALES criteria [29]. Episodes of ap-
noea were defined as complete cessation of airflow for
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10 s or more, and hypopnoea as a greater than 50%
decrease in oronasal airflow lasting for at least 10 s. Ap-
noea/hypopnoea events were classified as obstructive,
mixed or central according to the presence or the absence
of breathing efforts and the AHI (number of episodes of
apnoea + hypopnoea per hour of sleep) [30] was calcu-
lated. OSA was defined as an AHI ≥15. Patients with an
AHI <15 were considered as nonapnoeic or mild-apno-
eic snorers.

Statistical analysis [31]

To test whether there was a relationship between BMI,
age and upper airway measurements, and also to evalu-
ate the importance of upper airway measurements in the
pathogenesis of OSA, the following techniques were
employed.

Firstly, the population was stratified by BMI using cut-
off points of <27 (lean), 27–30, >30 (obese) kg·m-2 or
age using cut off points of <52 (younger), 52–63, >63
(old) yrs. Age cut-off points were chosen in order to have
equal-sized groups. An analysis of variance (ANOVA)
was performed to evaluate the differences between the
mean values of upper airway measurements in the dif-
ferent BMI and age subgroups. Subsequently, the popu-
lation was subdivided for AHI, <15 (snorers), ≥15 (OSA
patients) events·h-1 and two-way ANOVA for BMI and
AHI, and age and AHI were performed for each upper
airway variable. Equality of group variability was al-
ways tested by a Levene analysis. When the variance
was not equal in each group for each factor, a Brown-
Forsythe analysis was performed in place of the classic
Pooled-Variance test. When the ANOVA was signifi-
cant, a Bonferroni test was then used for multiple com-
parisons. Upper airway measurements of OSA patients
and snorers were compared in the overall population (not
subdivided for BMI or age) and in the different groups
of BMI and age using Student's t-test or chi-squared,
when the distribution was normal, or a Mann-Whitney
test. A p-value of less than 0.05 was judged to be sta-
tistically significant.

Secondly, to evaluate the importance of upper airway
measurements in OSA pathogenesis, Pearson correlation
coefficient analysis was performed between all varia-
bles, including anthropometric data and upper airway
measurements, and AHI in the overall population and in
the different groups of BMI and age. A multiple, step-
wise, linear regression analysis was also performed to
identify which variables best explained the variance in
AHI. Independent variables (MP-H, PNS-P, PAS, NP
area, OP area, HP area, IHL, GW, Su, L, A-B, B-C, A-
C, age and BMI) were integrated into the model. The
dependant variable was the AHI. Only the variables with
an F-value >4 were finally kept in the formula. Results
are expressed as the percentage of the variance of the
AHI explained by the formula. This analysis was per-
formed for the overall population and for each prede-
fined subgroup of BMI and age.

Results

Anthropometric and sleep characteristics of the pop-
ulation are summarized in tables 1 and 2 for BMI and
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Fig. 1.  –  Representation of the different parameters measured on
cephalometry and computed tomography. a) Cephalometry; measure-
ments of soft palate length (PNS-P), pharyngeal posterior airway space
(PAS), distance from mandibular plane to hyoid bone (MP-H), length
(A-B), position relative to the cranial base (B-C) and posterior dis-
placement (A-C) of the mandible, as projected on the horizontal ref-
erence plane (HRP). b) Computed tomography: measurement of
oropharyngeal area (1), antero-posterior diameter (2), transverse dia-
meter (3), surface "Su" (area between the mandibular rami at a level
just under the hard palate), and distance "L" (length between the incisors
and the middle of the line joining the posterior borders of the mandibu-
lar rami) and representing the skeletal boundary enclosing the upper
airway.  c) Tongue evaluation (CT): measure of interhyoglossal length
(IHL) (1) and genioglossal width (GW) (2).

a)

b)

c)



Age subgroups. Overall, the OSA patients were more
obese and older than snorers.

Upper airway measurements in OSA patients and snorers

Overall population. Comparing OSA patients to snorers
(table 3), on cephalometry, OSA patients had a longer
soft palate (PNS-P), a hyoid bone displaced inferiorly
(increased MP-H), and a posteriorly displaced mandible
(shorter B-C length). In OSA patients, this was asso-
ciated on CT with an increased size of the base of tongue
as evaluated by the interhyoglossal length (IHL) and the
genioglossal width (GW). Also, there was a decrease in
the transverse width of the oropharynx (OP) in OSA
patients, which results in an augmentation of the AP/T
ratio. However, the transverse axis was the dominant axis
at all levels of the pharynx, with the AP/T ratio always
<1. Comparison of other variables revealed no differ-
ences between groups.

Subgroups of BMI and age. Most of the differences found
in the overall population were retrieved in lean (BMI
<27 kg·m-2) or younger (age <52 yrs) groups (fig. 2). In
effect, lean or younger OSA patients compared to lean

or younger snorers had increased PNS-P, a hyoid bone
displaced inferiorly, and a posteriorly displaced mandi-
ble. The hypopharynx was significantly smaller only in
younger snorers compared to younger OSA patients.
Other upper airway measurements were not significant-
ly different between lean or younger OSA patients and
snorers. In the BMI class 27–30 kg·m-2, the only signif-
icant differences found between OSA patients and sno-
rers were in the size of the tongue base, IHL and GW,
which were larger in OSA patients (50.6±4.1 vs 45±8.3
and 11±1.9 vs 9±1.2 mm, respectively), while in the age
class 52–63 yrs only GW was significantly larger in OSA
patients vs snorers (11.1±2.3 vs 9.4±1.6 mm). No signi-
ficant differences were found between OSA patients and
snorers in the BMI class >30 kg·m-2 or age >63 yrs.
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Table 1. –  Anthropometric and sleep characteristics of
OSA patients and snorers

OSA Snorers p-value#

n=94 n=46

Sex  M/F 81/13 40/6 NS

Age  yrs 58±12 53±12 <0.05
BMI kg·m-2 33±8 30±6 <0.01
AHI  events·h-1 47±22 7±4 <0.01
TST  min 444±105 425±89 NS

SE  % 83±13 81±11 NS

Stage 1–2 sleep† 90±8 85±10 <0.01
Stage 3–4 sleep† 1±4 4±6 <0.01
REM sleep† 8±6 10±6 0.05
Mean Sa,O2 % 89±5 93±1.9 <0.01
Minimal Sa,O2 % 66±18 80±10 <0.01

Values are presented as mean±SD.  #: OSA versus snorers.  OSA:
obstructive sleep apnoea; M: male; F: female; BMI: body mass
index; AHI: apnoea/hypopnoea index; TST: total sleep time;
SE: sleep efficiency (TST/time in bed); †: %TST; REM: rapid
eye movement; Sa,O2: arterial oxygen saturation; NS: nonsignifi-
cant.

Table 2.  –  Characteristics of subgroups of BMI and age

BMI  kg·m-2

<27 27–30 >30
Population All OSA Snorers All OSA Snorers All OSA Snorers

Subject  n 36 17 19 32 21 11 72 56 16
Age  yrs 52±14 57±15* 48±12 58±12 58±12 57±11 58±11 58±11 57±12
BMI  kg·m-2 25±2 24±2 25±1 29±1 29±1 29±1 37±7 38±7 36±3
AHI  events·h-1 23±22 40±20* 7±4 31±25 44±22* 8±4 41±27 50±22* 7±5

Age  yrs
<52 52–53 >63

Population All OSA Snorers All OSA Snorers All OSA Snorers

Subject  n 45 25 20 48 33 15 47 36 11
Age  yrs 42±7 43±7 42±6 57±3 57±3 56±3 69±6 69±6 69±4
BMI  kg·m-2 31±8 34±9* 29±6 33±7 34±7* 29±5 32±8 33±9 32±7
AHI  events·h-1 32±31 53±28* 6±4 32±23 42±20* 8±4 38±24 47±19* 8±5

Values are presented as mean±SD. *: p<0.05 OSA vs snorers in the same subgroup.  For definitions see legend to table 1.

Table 3.  –  Cephalometric and computed tomography
measurements of OSA patients and snorers

OSA Snorers p-value#

n=94 n=46

Cephalometry  mm
PNS-P 44.7±5.2 42.1±5.3 <0.01
MP-H 20.5±6.8 16.8±6.8 <0.01
PAS 13.4±4.7 12.5±3.8 NS

SPW 12.1±2.5 11.6±2.8 NS

A-B length 87.5±7.5 87.8±6.4 NS

B-C length 11.7±4.2 13.3±3.4 0.02
A-C length 75.8±8.2 74.4±6.9 NS

Computed tomography
NP area  mm2 375±128 387±110 NS

OP area  mm2 85±57 95±55 NS

HP area  mm2 245±142 207±136 NS

Su  cm2 22.2±3.4 21.7±3.4 NS

L  cm 71.3±5.9 71.1±5.9 NS

AP/T ratio NP 0.81±0.23 0.86±0.26 NS

AP/T ratio OP 0.63±0.39 0.49±0.27 0.02
AP/T ratio HP 0.83±0.41 0.71±0.37 NS

IHL  mm 51.2±6.1 48.0±5.6 <0.01
GW  mm 10.8±2.0 9.8±1.4 <0.01

Values are presented as mean±SD.  #: OSA versus snorers.  PNS-
P: soft palate length; MP-H: distance from mandibular plane
to hyoid bone; PAS: pharyngeal posterior airway space; A-B,
B-C and A-C length: mandibular length, position and posteri-
or displacement, respectively; NP, OP and HP: naso-, oro- and
hypopharynx area; Su: surface; L: distance; AP/T: anteropos-
terior/transverse axis ratio; IHL: interhyoglossal length; GW:
genioglossal width; OSA obstructive sleep apnoea; NS: non-
significant.



Relationship between BMI, age and upper airway mor-
phology

Subgroups of BMI. The skeletal boundary enclosing the
upper airway (surface "Su" and distance "L"), the tongue
base (GW, IHL), the posterior airway space (fig. 3) and
the soft palate width increased with BMI. There were

no differences between BMI classes as regards the posi-
tion of the hyoid bone, the PNS-P or the position of the
mandible (MP-H, PNS-P and B-C length). Due mainly
to a smaller transverse axis, the upper airway lumen of
the oropharynx and hypopharynx tended to be more sph-
erical in the higher BMI groups both in OSA patients
and snorers.
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Fig. 2.  –  Differences between obstructive sleep apnoea (OSA) patients and snorers with respect to class of: a) body mass index (BMI); and b)
age. Values are presented as mean±SD.  Note that the significant differences seen in the overall population (table 3) between OSA patients and
snorers for the length of the soft palate (PNS-P), position of the hyoid bone (MP-H), position of the mandible relative to the cranial base (B-C
length), and hypopharyngeal (HP) area were retrieved only in lean and/or youngest subgroups. There were no differences between older or heav-
ier OSA patients and snorers for these upper airway variables.         : OSA;         : snorers. *: p<0.05, OSA vs snorers in the same subgroup of
age or BMI (Bonferroni test).
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Subgroups of age. Older patients had larger upper air-
ways than the youngest group of patients at all pharyngeal
levels (fig. 4). No significant changes in pharyngeal shape
or in the cephalometric variables were seen in relation to
age.

Relationship between upper airway measurements and
AHI (table 4 and fig. 5)

Correlation studies. In the overall population, BMI was
significantly correlated with AHI but age was not. PNS-P,
position of the hyoid bone (MP-H), position of the man-
dible (B-C length), size of the base of tongue (GW, IHL)
and configuration of the pharyngeal lumen (increased
AP/T ratio of the OP and HP) were all significantly cor-
related with AHI.

In the subgroup of patients with a BMI <27 kg·m-2,
age, BMI, PNS-P, position of the hyoid bone (MP-H),
position of mandible (B-C length) and HP were signifi-
cantly correlated with AHI. In the group with a BMI >30
kg·m-2, only the position of the hyoid bone (MP-H) was
significantly correlated with AHI.

In the subgroup of patients aged <52 yrs, BMI, soft
palate length (PNS-P), position of the hyoid bone (MP-
H), genioglossal width, and configuration of the oropha-
ryngeal lumen (increased AP/T ratio of the OP) were
significantly correlated with AHI, while only age was
significantly correlated with AHI in the group >63 yrs.

Figure 5 illustrates the loss of significance of correla-
tion coefficients from lean to obese subjects. Thus for
B-C length and MP-H the r values were respectvely 0.55,
0.01, 0.09 and 0.54, 0.23, 0.18 when the BMI increased
from <27 kg·m-2 to >30 kg·m-2.

Fig. 4.  –  Changes in upper airway morphology in relation to age. a) Absolute values presented as mean(±SD); and b) illustration of the respec-
tive change in anteroposterior and transverse diameters. a) Note that the area of the naso- (NP), oro- (OP), and hypopharynx (HP) increased in
relation to age. ❏: NP; ■: HP; ●: OP. *: p<0.05 between the three groups of age by analysis of variance. b) No change in shape was observed.  

: <52 yrs;        : >63 yrs.

Table 4.  –  Correlation of upper airway variables with
AHI in the whole group (overall) and as a function of their
BMI and Age

Overall Subgroups of Subgroups of
population BMI  kg·m-2 age  yrs

<27 >30 <52 >63
Variables (n=140) (n=36) (n-72) (n=45) (n=47)

Age  yrs 0.16§ 0.46** -0.12 0.12 0.30*
BMI  kg·m-2 0.28*** -0.35* 0.17 0.54*** -0.07
Cephalometry
PNS-P 0.24** 0.39* 0.07 0.34* -0.01
MP-H 0.35*** 0.35* 0.32** 0.54*** 0.18
PAS 0.11 0.08 -0.01 0.29 -0.13
SPW 0.17 -0.05 0.09 0.19 0.06
A-B length -0.09 -0.05 -0.14 -0.25 0.02
B-C length -0.25* -0.55*** -0.10 -0.24 0.05
A-C length 0.05 0.28 -0.09 -0.08 -0.01
Computed tomography
NP -0.08 0.29 -0.10 -0.15 -0.06
OP area -0.10 0.15 -0.06 -0.26 -0.01
HP area 0.12 0.38* 0.06 0.14 0.02
Su 0.09 0.21 0.01 0.13 0.05
L 0.001 0.14 -0.10 -0.14 0.13
AP/T ratio NP -0.10 -0.13 -0.12 -0.16 -0.13
AP/T ratio OP 0.29* 0.08 0.18 0.30* -0.004
AP/T ratio HP 0.19* 0.13 0.10 0.21 0.06
IHL 0.22* -0.26 0.17 0.16 0.11
GW 0.25** -0.01 0.10 0.36* -0.06

§: all numbers are r values. *: p<0.05; **: p<0.01; ***: p<0.001.
Note that many anthropometric and upper airway variables were
significantly correlated with AHI in the overall population.
However, those significant correlations are mainly the result
of the good correlations in lean or younger subjects, upper air-
way variables being poorly correlated with AHI in heavier or
older groups.  For abbreviations see legends to table 1 and 3. 



Multiple stepwise linear regressions. Stepwise regres-
sions using all the upper airway variables previously de-
scribed were performed for the overall population and
the different classes of BMI and age (table 5).

For the overall population, where all the variables were
available (n=110), the model explained 26% of the vari-
ance in AHI (AHI = 1.45*MP-H + 4.07*GW - 0.67*AB
+ 19.23).

In the group with a BMI <27 kg·m-2 (n=28), the mod-
el explained 69% of the variance of the AHI (AHI =
-2.65*B-C + 2.14*PNS-P + 0.78*Age - 5.62*GW - 23.35),
which contrasts with the group with a BMI >30 kg·m-2

(n=56), where the only upper airway variable retained
(MP-H) explained 15% of the variance of the AHI (AHI
= 1.69*MP-H + 5.03).

In the subgroup of patients aged <52 yrs (n=36), the
model explained 55% of the variance of AHI (AHI =
2.07*MP-H + 6.49*GW - 1.41*AB + 48.31), while no
variable was retained in the class >63 yrs.

Discussion

We report a large study using a combination of the
two most widely available static upper airway imaging
techniques (cephalometry and CT) in the evaluation of
snorers with and without OSA. The main finding of this
study is that in younger and lean subjects a major part
of the variance in AHI is explained by upper airway mea-
surements. Another important new finding is the change
in upper airway shape with BMI which, in contrast to
previous reports [21–24], was independent of the pres-
ence or absence of OSA.

In agreement with previous studies [1, 2], it was found
that OSA patients had more upper airway abnormalities
than snorers. Thus, greater PNS-P, increased base of the
tongue (IHL, GW), inferior position of the hyoid bone
and posterior displacement of the mandible, were found
in OSA patients compared to snorers. When subdivided
for BMI or age, however, it was found that the signifi-
cant differences between the upper airway measurements
of OSA patients and snorers in the overall population
were derived almost exclusively from the subgroups with
a BMI <27 kg·m-2 or an age <52 yrs. Obese or older
OSA patients were not different from obese or older snor-
ers as regards their upper airway anatomy.

Why do the differences between OSA patients and
snorers not persist in higher BMI groups or later in life?
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Fig. 5.  –  This example illustrates the loss of significance of correlation coefficients of: a) the position of the mandible (B-C length); and b) the
position of the hyoid bone (MP-H), with apnoea/hypopnoea index (AHI) as class of a) body mass index (BMI) and b) age increase, respectively.
ns: nonsignificant.

Table 5.  –  Multiple stepwise regression with AHI as
dependent variable

Order of Partial Model
Variable selection r2 r2

Overall MP-H 1 0.14 0.14
GW 2 0.08 0.22
A-B 3 0.03 0.25

BMI <27 kg·m-2 BC 1 0.29 0.29
PNS-P 2 0.17 0.46

Age 3 0.11 0.58
GW 4 0.11 0.69

BMI >30 kg·m-2 MP-H 1 0.15 0.15
Age <52 yrs MP-H 1 0.32 0.32

GW 2 0.13 0.45
A-B 3 0.10 0.55

Age >63 yrs None 0 0 0

Note that in the overall population the model explained only
26% of the variance in AHI. In lean (BMI <27 kg·m-2) or
youngest (age <52 yrs) groups the percentage increased to 69
and 55%, respectively. In the group with a (BMI >30 kg·m-2)
only 15% of the variance in AHI was explained, and none in
older (age >63 yrs) patients. For definitions see legends to table
1 and 3.



Among the possible explanations could be the presence
of confounding factors related either to group subdivi-
sions or to the criteria used for selecting nonapnoeic or
mild apnoeic snorers. Lean snorers were, on average, 9 yrs
younger than lean OSA patients and, conversely, young-
er snorers were slimmer (∆BMI = 5 kg·m-2) than younger
OSA patients. Significant differences were found between
lean or younger OSA patients and snorers in MP-H, PNS-
P and B-C length, but a separate ANOVA for age in lean
subjects and for BMI in youngest ones found no diffe-
rence between groups for these parameters. Therefore,
age and BMI are unlikely to be real confounding factors
explaining the differences between OSA patients and
snorers in lean or younger subjects. As regards the def-
inition of snorers, using an AHI <10 as cut-off point did
not change the results. Finally, it is more likely that upp-
er airway abnormalities in obese or older patients could
be a consequence of increasing BMI or age.

The principal changes in upper airway morphology
observed in the different subgroups of BMI concerned
the shape of the oropharyngeal and hypopharyngeal
lumens. Both in OSA patients and snorers, the lumen
became more spherical in the highest BMI group. This
was mainly secondary to a decrease in the transverse axes
of the OP and HP, without significant changes in sur-
face area. This questions the conclusions of RODENSTEIN

et al. [21] and SCHWAB et al. [24], who showed that OSA
patients and, to a lesser extent, snorers had a pharynx
with a predominant anteroposterior axis or a circular
pharynx, as opposed to normals who had a predominant
transverse axis. In those studies [21, 24], apnoeics were
much more overweight than snorers or normals. Thus,
their results could be related more to the difference in
BMI between groups than a characteristic of OSA. The
mechanisms involved in this change of pharyngeal shape
with BMI could be fat infiltration in the lateral portion
of the airway as described in OSA patients [32, 33], or
a result of the increased upper airway dilator muscle
activity described in awake OSA patients [34].

Regarding the relationship between BMI and upper air-
way morphology, TSUCHIYA et al. [35] reported in a group
of OSA patients that those with a high apnoea index but
a low BMI had skeletal abnormalities (retruded mandi-
ble, higher mandibular plane angle), whilst patients with
a low apnoea index but high BMI had soft tissue changes
(increased soft palate area, lower hyoid bone). In a rec-
ent study, only in OSA patients, FERGUSON et al. [26] in-
vestigated the relationship between neck size and upper
airway abnormalities. They showed that patients with
larger neck size (obese) had increased upper airway soft
tissue structure (soft palate and tongue) and lower hyoid
bone, whilst patients with smaller neck size (non-obese)
demonstrated abnormal craniofacial structure (biretro-
maxilly). We found, similarly, an increased base of the
tongue and soft palate width in more obese patients and
a smaller skeletal boundary enclosing the upper airway
in nonobese patients. However, these modifications
appeared both in OSA patients and snorers and again
seem a consequence of the change in BMI rather than a
characteristic of a subtype of OSA. This finding questi-
ons the particular role of these upper airway changes in
OSA pathophysiology and emphasize the need to use
controls matched for BMI. Older patients (>63 yrs) had
larger upper airway than younger patients (<52 yrs) at

all pharyngeal levels. This confirms the results previous-
ly found in OSA patients [25] and in normals [22], but
does not support the protective effect of a larger upper
airway in normal elderly subjects [22], a larger upper air-
way being observed both in OSA patients and snorers.

Previous studies [1, 4] looking at upper airway mea-
surements and anthropometric results as determinants of
AHI showed that upper airway variables explained a low
percentage of the variance in AHI. Overall, we were able
to explain 26% of the variance in AHI using upper air-
way measurements and anthropometric data. This is com-
parable with the 32% found by PARTINEN et al. [4] using
upper airway variables alone. Our findings are also in
accordance with the results of ZUCCONI et al. [1], who re-
ported that using upper airway abnormalities they could
explain 33% of the variance in AHI. Conversely, in our
study, upper airway abnormalities found in lean or young-
er patients were better correlated with AHI and explained
more of the variance in AHI (69 and 55%, respectively)
than in obese or older patients and, thus, seem more like-
ly to play an important physiopathogenic role for OSA
in these patients.

The fact that upper airway abnormalities do not corre-
late significantly with AHI in older or more obese sub-
jects suggests that other pathophysiological mechanisms,
such as increased upper airway collapsibility, fragmented
sleep, ventilatory instability and neurological mechanisms
(changes in upper airway dilator muscle activity) may be
more important in such patients who develop OSA. In
lean or younger subjects, two skeletal abnormalities ap-
peared in multiple stepwise regression to be significant
determinants of AHI. These are the position of the mandible
(B-C length), which was the major determinant in lean-
er subjects, and the length of the mandible (A-B length)
in the youngest group. These skeletal abnormalities pos-
sibly imply a genetic predisposition to OSA in such
patients. This is in agreement with a recent study [36] of
familial factors in OSA, showing that relatives of OSA
patients with a BMI <30 kg·m-2 had narrower upper air-
way with retroposed maxillae and mandibles compared
to controls. However, we cannot exclude childhood devel-
opmental abnormalities related to predominant mouth
breathing [37], or other mechanisms.

In conclusion, the differences observed between obstruc-
tive sleep apnoea patients and snorers in the overall popu-
lation were due only to the subgroups of lean or younger
subjects. Consequently, upper airway abnormalities found
in lean or younger subjects explain a higher percentage
of apnoea/hypopnoea index variance and, thus, are more
likely to play a more important physiopathogenic role for
obstructive sleep apnoea than in obese or older patients.
Our study also suggests that the shape of the pharyngeal
lumen in awake subjects is more dependent on body mass
index than on the presence of obstructive sleep apnoea.
Future studies looking at upper airway imaging for sur-
gical selection should be focused on young and lean pati-
ents.
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