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Abstract

Purpose Obesity is the most important risk factor for ob-
structive sleep apnea (OSA); however, the exact underlying
mechanisms are still not fully understood. The aim of this study
was to examine the morphology of upper airways in over-
weight habitual snorers and in mild OSA patients. Furthermore,
the associations between weight loss, parapharyngeal fat pad
area and OSA were assessed in a 1-year randomised, controlled
follow-up study originally conducted to determine the ef-
fects of lifestyle changes with weight reduction as a treat-
ment of OSA.

Methods Thirty-six overweight adult patients with mild
OSA [apnea—hypopnea index (AHI) 5-15 events/h] and 24
weight-matched habitual snorers (AHI<5 events/h) were
included in the study. All patients underwent nocturnal car-
diorespiratory recordings and multislice computed tomogra-
phy (CT) of parapharyngeal fat pad area, the smallest diam-
eter and area in naso-, oro- and hypopharynx, the smallest
diameter and area of the whole pharyngeal airway, the
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distance from the hyoid bone to the mandibular plane and
to cervical tangent as well as the distance between mandib-
ular symphysis and cervical spine. In addition, OSA patients
were further randomised to receive either an active 1-year
lifestyle intervention with an early weight loss programme or
routine lifestyle counselling. After 1 year, the cardiorespira-
tory recordings and CT scans were repeated.

Results The pharyngeal fat pad area was significantly larger,
and the distance from the hyoid bone to cervical spine was
longer in patients with OSA than in habitual snorers
(»=0.002 and p=0.018, respectively). The multiple regres-
sion analysis showed that besides a large pharyngeal fat pad
area and a long distance from the cervical spine to hyoid
bone, also a short distance from the mandibular symphysis to
cervical tangent increased a risk to OSA. During the 1-year
follow-up in OSA patients, the pharyngeal fat pad area and
AHI decreased significantly in the intervention group
(»=0.003 and p<0.001, respectively).

Conclusions In the early stages of OSA, the pharyngeal fat
pad seems to play an important role in the development of
disease in overweight patients. Furthermore, weight reduc-
tion by lifestyle intervention-based programme reduces both
central obesity and pharyngeal fat pads, resulting in an
improvement of OSA.

Keywords Obstructive sleep apnea - Obesity - Pharyngeal
fat - Computed tomography - Weight loss

Introduction

Obstructive sleep apnea (OSA) is characterised by snoring
and obstruction of upper airways during sleep, leading to
deterioration of an individual's quality of life and working
capacity. The prevalence of OSA has been estimated to be as
high as 24 % in men and 9 % in women aged 30-60 years
[1]. Obesity is also the most important risk factor for OSA,
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and in fact, most OSA patients are obese [2]. Furthermore,
there are several reports that OSA deteriorates with weight
gain and improves with weight reduction [3—6]. The patho-
genesis leading to upper airway collapse is believed to result
from a combination of predisposing anatomical factors and
impaired neuromuscular compensatory responses. However,
the exact underlying mechanisms are not yet fully under-
stood. It has been postulated that the collapsibility of the
upper airways may depend on the localisation of excess
adipose tissue; e.g. increased fat tissue in the neck may have
additional effects on pharyngeal neural and mechanical con-
trol mechanisms that mediate collapsibility, and thus, this
tissue can increase OSA susceptibility [7, 8]. However, the
size of parapharyngeal fat pad has not shown any association
with the severity of OSA in previous clinical studies [9],
whereas particularly visceral fat has been linked to adverse
health consequences, including the risk of developing or
worsening of OSA [10, 11].

Sleep-disordered breathing (SDB) represents a continuum
of symptoms ranging from habitual snoring to obstructive
sleep apnea syndrome. The disease has a tendency to worsen
so that an originally mild OSA may progress to moderate or
severe OSA, particularly if associated with weight gain [12].
Although, some of the risk factors for OSA have been well
documented, the underlying mechanisms are still, at least
partly, poorly known. There is a clear need for future studies
identifying anatomic and soft tissue parameters that influ-
ence mechanical loading of the upper airway. In order to
improve the understanding of the pathophysiology and de-
velopment of OSA, it is important to evaluate the contribut-
ing risk factors to OSA in a homogenous population. The
aim of the present study was to evaluate the morphology of
upper airways by computed tomography (CT) in overweight
habitual snorers and mild OSA patients. Moreover, the asso-
ciations between weight loss, parapharyngeal fat pad area
and OSA were assessed in a 1-year randomised, controlled
follow-up study originally conducted to determine the effects
of lifestyle intervention with a weight reduction programme
in the most prevalent subgroup of OSA, i.e. overweight
patients with mild OSA [6].

Subjects and methods
Study design

The present study comprises of two analyses: (1) cross-
sectional comparison of CT scans of the upper airways
between patients with mild OSA (AHI 5-15 events/h) and
body mass index (BMI)-matched habitual snorers (AHI<S5)
and (2) 1-year randomised, controlled trial on the effect of
weight loss on the morphology of the upper airways in
patients with mild OSA. In this follow-up study, patients
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were allocated into either an intensive lifestyle intervention
group or a control group. The patients in the intervention
group received a 1-year lifestyle intervention including an
initial weight reduction programme with 12 weeks on a very
low-calorie diet. In addition to the dietary counselling, the
subjects in the intervention group were recommended to
increase their overall level of daily physical activity. The
control group consisted of subjects receiving a single general
dietary and exercise counselling. The detailed design of the
study has been previously reported [6]. The study was
conducted in a single centre, Kuopio University Hospital,
Finland. All patients were given verbal and written informa-
tion about the trial, and they provided consent. The study
protocol was approved by the Research Ethics Committee of
the Hospital District of Northern Savo (Kuopio, Finland).

Participants

At the study site, a trained nurse measured height, weight and
the BMI which was calculated as weight (in kilogram) di-
vided by height squared (in square meter). The OSA group
consisted of 36 patients (24 males and 12 females), and the
habitual snorers were of 24 individuals (10 males and 14
females). The characteristics of the study population are
presented in Table 1. Table 2 shows the characteristics of
the OSA patients randomised to either intervention study
group (22 patients; 17 males and 5 females) or control group
(14 patients; 7 males and 7 females). The upper airways were
clinically evaluated by an otorhinolaryngologist, and none of
the participants had any significant adenotonsillar hypertro-
phy. The cardiorespiratory recordings and CT scans were
performed at baseline and 1-year visit.

Procedures and measurements

In nocturnal cardiorespiratory monitoring, apnea was de-
fined as a cessation (more than 90 %) of airflow of more
than 10 s. Hypopnea was defined as a reduction (more than
30 %) of airflow of more than 10 s with oxygen desaturation
of more than 4 %. The apnea—hypopnea index (AHI) was
defined as the number of apneas and hypopneas per hour,
and mild OSA was defined with AHI of 5-15 events/h [13].

Computed tomography

Multislice CT imaging was performed with Siemens
Somatom 16 CT (Erlangen, Germany). The imaging was
done in a standardised method, while patient was positioned
supine on the scanning table. A three-dimensional (3-D)
volume was obtained from a sphenoid air cell down to the
cricoid cartilage level with the neck placed in a neutral
position; the patients were asked to breathe quietly. The scan
time was 4-5.4 s, depending on the patient's size. Imaging
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Table 1 Demographic data of ]
the OSA patients (7=36) and Patients with OSA Habitual snorers P’
habitual snorers (n=24) Mean (SD) Mean (SD)

Gender, male/female () 24/12 10/14 0.005
Tl?f}’l data ;ep;ezem mean values  Age (years) 53.1 (8.7) 455 (11.4) NS
With standard deviation BMI 32.1(2.8) 32.0 (4.4) <0.001
SD standard deviation AHI 10.0 (3.0) 2.1 (14)

* According to Student's 7 test

parameters were 100 kV and 240 mAs, and a dose reduction
algorithm and both eye and thyroid gland radiation shields
were used. From the 3-D volume, 2-mm-thick axial, sagittal
and coronal slices were reformatted perpendicular to the pha-
ryngeal airway. All images were viewed using standardised
window settings. All the measurements were done using
standard workstation software. The repeated CT study was
performed 12 months later, and the parameters were measured
similar to the baseline CT.

The parapharyngeal fat pad area was measured on the
right at its maximum which, in most cases, was 5 mm below
the hard palate. The measurement was conducted on the axial
slices perpendicular to the pharyngeal airway, and the repeat-
ed 12-month fat pad area evaluation was performed at the
same level (Fig. 1).

The densities of the right medial pterygoid and
sternocleidomastoid muscle were measured in Hounsfield
units (HU) using the free region of interest. In order to avoid
beam hardening artefacts, the HU measurement of the pter-
ygoid muscle was conducted at the upper third level of the
tongue, and sternocleidomastoid muscle density was mea-
sured above the hyoid bone level.

The cross-sectional airway slices were captured as fol-
lows: the smallest diameter in nasopharynx (in millimetre)
and area (in square millimetre) (PW1), the smallest diameter
in oropharynx and area (PW2) and the smallest diameter in
hypopharynx and area (PW3). The airway region boundaries
were determined as follows: the nasopharynx extends from
the base of the skull to the upper surface of the soft palate,
and the oropharynx reaches from the level of hard and soft
palate to the upper edge of the epiglottis (vallecula), while
the superior boundary of the hypopharynx is at the level of
vallecula with the inferior border being the lower level of the

cricoid cartilage. Furthermore, the smallest diameter (in
millimetre) of the whole pharyngeal airway was captured both
anteroposteriorly and transversally as well as the minimal area
(in square millimetre).

The position of the hyoid bone was determined with respect
to its distance (in millimetre) to mandibular plane (a plane
constructed from the menton to the gonion) (MPH) and to
cervical tangent (a line across C3 and C4) (HVL). In addition,
the distance (in millimetre) was measured between the poste-
rior point of the mandibular symphysis and cervical tangent
(GVL). Furthermore, the length and height of the tongue (TGL
and TGH) and the soft palate thickness (in millimetre) and area
(in square millimetre) were evaluated. These measurements
were done on a midsagittal CT slices. The level of mandibular
angulus was determined by multiplanar reconstruction and
localization tool softwares.

Statistical analysis

Mean values and standard deviations were used to describe
the baseline characteristics of the study groups. Student's ¢ test
was used in the comparison between the groups. Logistic
regression analysis with a backward selection set-up proce-
dure was used to evaluate the association between the group
(0O=habitual snorers, 1=0OSA patients) and following cranio-
facial and oropharyngeal parameters (independent factors)
MPH (in millimetre), HVL (in millimetre), GVL (in
millimetre), the smallest diameter (in millimetre) of the whole
pharyngeal airway both anteroposteriorly and transversally,
pharyngeal fat pad area (in square millimetre) and soft palate
area (in square millimetre). The model was adjusted for age
and gender. The significance of changes in BMI, AHI, waist
circumference and fat pad area in 12 months was analysed by

Table 2 Patient demographics
at baseline in the intervention

group (n=22) and the control
group (n=14) with mild OSA

The data represent mean values
with standard deviation

Intervention group Control group p*
Gender, male/female () 17/5 717 NS
Age (years) 52.2 (8.0) 54.4 (9.9) NS
BMI (kg/m?) 32.6 (2.8) 31.2 (2.8) NS
Waist circumference (cm) 107 (23) 105 (9) NS
Pharyngeal fat pad area (mm?) 180 (79) 162 (47) NS
AHI (total) 10.3 (2.9) 9.5(3.2)

* According to Student's 7 test
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airway

pharyngeal fat pad area

Fig. 1 Axial magnetic resonance image in the retropalatal region

using paired ¢ test. The p values less than 0.05 were considered
as statistically significant. All analyses were performed with
the SPSS software 17.0 package (SPSS, Chicago, IL).

Results

Cross-sectional evaluation

Upper airway measurements in OSA patients and habitual

snorers

The patients were stratified according to weight, and thus,
there was no significant difference in BMI between the mild

Table 3 CT measurements on oropharyngeal airway space, hyoid bone position and soft tissue parameters in patients with OSA and habitual snorers

Patients with OSA Habitual snorers P’
Mean (SD) Mean (SD)
Female Male Total Female Male Total
n=12 n=24 n=36 n=14 n=10 n=24
Upper pharyngeal airway diameter (mm)
PW1 16(4.9) 16 (4.0) 16 (4.3) 16 (3.2) 14 (5.4) 15 (4.3) NS
PW2 14 (4.2) 14 (4.5) 14 (4.4) 14 (3.7) 11 (3.6) 13 (3.7) NS
PW3 24 (6.2) 23 (6.9) 23 (6.6) 25(3.8) 18 (8.6) 22 (6.9) NS
Minimal anteroposterior 9(2.1) 8(2.2) 8(2.2) 8(2.1) 8(2.4) 8(2.2) NS
Minimal transversal 14 (4.3) 15 (3.8) 14 (3.9) 14 (3.9) 17(5.1) 15 (4.5) NS
Upper pharyngeal airway area (mm?)
PW1 140 (56.2) 142 (48.7) 141 (50.5) 139 (32.4) 152 (59.4) 143 (43.7) NS
PW2 116 (59.1) 111 (55.6) 112 (56.0) 87 (27.8) 118 (83.0) 99 (55.8) NS
PW3 261 (87.0) 258 (95.1) 259 (91.2) 228 (91.3) 254 (161) 238 (119) NS
Minimal area 106 (47.2) 106 (73.8) 106 (65.4) 92 (32.2) 103 (64.5) 96 (45.9) NS
Adipose tissue in the oropharynx
Pharyngeal fat pad area (mm?) 154 (53.0) 183 (73.5) 173 (70.0) 124 (51.3) 113 (40.5) 120 (46.7) 0.002
HU, sternocleidomastoid muscle 57 (9.4) 58 (6.9) 58 (7.6) 59 (4.7) 65 (8.6) 61 (6.8) NS
HU, medial pterygoid muscle 68 (7.5) 69 (6.3) 68 (6.6) 67 (8.5) 74 (11.1) 70 (9.9) NS
Hyoid bone distance to
Mandibular plane (MPH, mm) 16 (4.8) 22 (6.7) 20 (6.7) 15 (7.6) 20 (5.1) 17 (6.8) NS
Cervical tangent (HVL, mm) 32 (4.5) 39 (3.8) 37 (5.3) 31 (4.2) 39 (4.4) 34 (6.1) 0.018
Mandibular symphysis (posterior point) distance to
Cervical tangent (GVL, mm) 63 (7.5) 70 (6.0) 68 (4.9) 67 (4.8) 71 (4.1) 68 (7.2) NS
Dimensions of tongue
Length (TGL, mm) 64 (5.5) 70 (4.8) 68 (5.8) 65 (10.8) 68 (4.3) 66 (9.0) NS
Height (TGH, mm) 34 (10.4) 35(10.2) NS
Dimensions of soft palate
Area (mm?) 197 (25) 292 (87) 261 (85) 212 (43) 296 (106) 244 (83) NS
Thickness (mm) 8.4 (0.8) 10.2 (1.8) 9.6 (1.8) 8.8 (1.3) 10.0 (0.9) 9.2(1.3) NS

The data represent mean values with standard deviation
SD standard deviation

# According to Student's ¢ test difference between patients with OSA and habitual snorers
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OSA patients and the habitual snorers. However, habitual
snorers were on average 8 years younger than their OSA
counterparts (Table 1).

There was no difference in mean upper airway dimen-
sions between the groups neither in the volume of the tongue
or soft palate. Only the distance from the hyoid to cervical
(C3—C4) tangent was significantly longer in OSA patients
compared to snorers (Table 3). However, the pharyngeal fat
pad area was significantly larger in the OSA group than in
the snorers (p=0.002) (Table 3).

The multiple logistic regression analysis revealed that in
overweight subjects with OSA, the pharyngeal fat pad area
was larger, the distance between the posterior points of the
symphysis to the cervical tangent was shorter, but the dis-
tance between the hyoid bone and the cervical tangent was
longer than the corresponding parameter in the BMI-
matched habitual snorers (Table 4).

Randomised, controlled 1-year follow-up
Association between OSA and weight reduction

The baseline demographics in OSA patients participating in
the randomised study did not differ between the intervention
and control groups (Table 2). At the follow-up, there were
significant decreases in the BMI, waist circumference and
pharyngeal fat pad area. Furthermore, a significant reduction
in the AHI was found (Table 5). There were also some im-
provements observed in the control group.

Discussion

The present study provides evidence that there is more adi-
pose tissue in the pharynx in OSA patients compared to the
corresponding situation in habitual snorers. Furthermore, in
the logistic regression model, besides the retrusive mandible
and the low hyoid bone position, the pharyngeal fat pad area
was found to be a significant risk factor for OSA. These
results support the belief of the nature of OSA as a chronic,

Table 4 Independent associations of the studied oropharyngeal factors
such as pharyngeal fat pad area, soft palate area, perpendicular distance
of the hyoid bone to the cervical tangent (HVL) and to the mandibular
plane (MPH), perpendicular distance of the posterior point on the
mandibular symphysis to the cervical tangent (GVL) and minimal

progressive disease and the harmful impact of obesity, even
weight gain in this process. In the 1-year follow-up of a
randomised, controlled trial in overweight patients with mild
OSA, supervised lifestyle intervention with weight loss
resulted in significant reductions in both central obesity
and the amount of adipose tissue in the pharynx. In conjunc-
tion with this loss of the overall fat tissue, also a marked
improvement of AHI was detected. Previous studies have
revealed inconsistent effects of pharyngeal fat on upper
airway [14, 15]. A recent study investigated the effect of
weight loss on the volume of upper airways in obese men [9].
The main conclusion of the study was that weight loss
improves AHI by especially reducing the airway length.
Also in the study of Segal et al. [16], upper airway length
is suggested to be of greater importance in the pathophysi-
ology of OSAs. Unfortunately, airway length of the patients
was not assessed in this study, but our present findings in a
homogenous group of patients highlight the significance of
oropharyngeal fat in narrowing of the airway and emphasise
the beneficial effects of weight loss in reducing the excessive
fat tissue in overweight patients with OSA.

The pathophysiology of OSA is complex and most likely
multifactorial, consisting of a combination of predisposing
anatomical factors (both soft and hard tissues) and impaired
neuromuscular compensatory mechanisms [2]. Due to these
factors, at some level, the airspace of the nasopharynx and
oropharynx may become narrowed, thus increasing the risk
of OSA in the sleeping position and the loss of neuromus-
cular compensation at the onset of sleep. Previously, it has
been demonstrated that in patients with severe OSA, the
retrolingual airspace or narrow retropalatal area may be the
major sites of obstruction [17, 18]. Furthermore, it has been
shown that the minimum upper airway area occurs at the end
of expiration and enlarges during inspiration [19-21]. In
many studies, hypopharyngeal airspace has been found to
be larger in the OSA group compared to controls [17, 22,
23]. A gradual increase has been detected in the mean cross-
sectional areas at the level of hypopharynx with the lowest
values in the control group and increasing in patients with
severe OSA [17]. The present results are in parallel to these

airway space anteroposteriorly and transversally in overweight subjects
with sleep disordered breathing (0O=habitual snorers, 1=patients with
mild OSA), adjusted for age and gender using backward stepwise
logistic regression model

Regression coefficient Relative risk 95 % confidence interval P
Pharyngeal fat pad area (mm?) 0.02 1.02 1.01-1.04 0.013
GVL (mm) -0.17 0.85 0.74-0.97 0.018
HVL (mm) 0.22 1.24 1.06-1.46 0.009

Only statistically significant variables are listed
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Table 5 Changes in measurements from the baseline at the 12-month follow-up visit in the intervention and control groups

Intervention group P Control group P

n=19 n=13

Baseline After 12 months Baseline After 12 months

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
BMI (kg/m?) 33.0 (2.8) 29.4 (3.0) <0.001 30.9 (2.5) 29.3 (3.0) 0.038
AHI (total) 10.0 (2.9) 6.0 (4.8) <0.001 9.7 (3.6) 8.5 (7.6) 0.609
Waist circumference (cm) 113 (8.3) 101 (10.1) <0.001 103 (8.3) 97 (9.0) 0.010
Pharyngeal fat pad area (mm?) 194 (76.6) 158 (69.8) 0.003 169 (41.6) 141 (44.5) 0.053

The data represent mean values with standard deviation in pairs
SD standard deviation

*According to paired ¢ test

findings since the distance from the hyoid bone to the cervi-
cal tangent (HVL) was significantly larger in OSA patients
than that of habitual snorers. This measurement most likely
reflects lower hyoid bone position (or perhaps low tongue
position) which extends to a larger hypopharyngeal airway,
but as found in the present study, the actual hypopharyngeal
airway measurements did not differ between the groups.

It has also been proposed that the airway collapse during
sleep is favoured by a narrow velopharynx associated with
large hypopharynx [22]. Especially long soft palate in pro-
portion to oropharyngeal airway length is suggested to in-
crease the risk for OSA [24]. In the present study, no differ-
ence between the groups was found in the airway space at the
velopharyngeal area, neither in soft palate thickness or area.
However, it has been speculated that some heavy snorers
may not suffer oropharyngeal collapse because the peak
inspiratory suction pressure could already have declined at
the level of the relatively narrow hypopharyngeal airways
[22].

In previous studies, especially mandibular deficiency
has been found to be a significant predictor for SDB [25,
26]. A study in obese and non-obese patients with severe
OSA demonstrated that irrespective of the BMI, the pa-
tients display aberrations of cervico-craniofacial and up-
per airway soft tissue morphology when compared with
the controls [27]. However, when studying a large popu-
lation of snorers with or without OSA, it was concluded
that only in lean and young subjects, the upper airway
abnormalities explain a major part of the variance in AHI
and are likely to play an important physiopathogenic role
[28]. In line with these findings, in our previous study, we
observed that morphological deviations were related to
mild SDB among non-obese patients, but not in obese
patients [29]. In the present study, the multiple regression
analysis showed that the small distance of the posterior
point of the mandibular symphysis and the cervical line
was associated with OSA. This indicates that in OSA
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patients, the mandible is more retrusive or more posteri-
orly rotated than in those with habitual snoring. In con-
trast to previous studies, we examined a homogenous
study population, i.e. middle-aged, overweight patients
with mild OSA.

The impact of mechanical factors on pharyngeal patency
in patients with OSA is still poorly understood. Some of the
anatomical predisposing factors for OSA, such as large ton-
sils, prominent uvula, enlarged tongue, mandibular
retrognathia and nasal deformities, have been well docu-
mented [2, 30]. However, the single most important risk
factor for OSA is obesity, and it has been estimated that at
least two out of every three patients with OSA are obese [31].
The question arises: How does obesity contribute to airway
collapse during sleep? It has been proposed that obesity can
act in many different ways, e.g. narrowing of the upper
airway structure [14], alterations in function (such as col-
lapsibility) [32], reduced chest wall compliance, distur-
bances in the relationship between respiratory drive and load
compensation [2, 33] as well as causing reductions in func-
tional residual capacity and hypoxemia [34]. Clinical studies
have demonstrated that mandibular advancement can enlarge
the bony enclosure and lower pharyngeal collapsibility in
lean, but not obese individuals [8]. The failure to reduce
passive pharyngeal collapsibility in obese subjects may be
due to the enlarged peripharyngeal fat pads, which may
evoke a collapse of lateral pharyngeal structures. In fact, a
recent study examining the mechanical parameters determin-
ing pharyngeal collapsibility found that collapsibility was
caused primarily by the surrounding pressure [7]. Further-
more, recent studies have emphasised the importance of
obesity on airway shape and pharyngeal function, rather than
the pharyngeal structure alone [31, 35]. In addition to the
localisation of excess adipose tissue, there is evidence that
systemic inflammatory mediators related to obesity may
have additional effects also on the pharyngeal neural and
mechanical control mechanisms that mediate collapsibility
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and increase OSA susceptibility [8]. Previously, we have
shown that even mild OSA can be associated with an
activation of pro-inflammatory pathways, and further-
more, in conjunction with weight loss, the most sensitive
marker of the pro-inflammatory state, IL-1 Ra, decreases
in patients with mild OSA [36]. It has been suggested
that in patients with OSA, less than 50 % of the overall
response to weight loss may be attributable to reductions
in passive mechanical properties with the remainder re-
lated to concomitant improvements in neuromuscular
control of upper airways [8]. This could well explain
the stability of the prolonged improvements in respiration
during sleep encountered in the 2-year follow-up of a
lifestyle intervention study, which demonstrated that al-
though there had been a typical regaining of the weight
loss, the improvement in nocturnal respiratory function
was maintained and did not follow the trend of modest
weight gain [37]. Therefore, it seems that both local, i.e.
excessive pharyngeal adipose tissue and obesity, particu-
larly central obesity, and systemic inflammations may
increase OSA susceptibility.

The present study has some limitations, and the inter-
vention was conducted in patients with mild OSA; there-
fore, the findings may not be directly generalisable to all
OSA patients. Although these data are encouraging, they
need to be replicated in a larger study. Due to the relatively
small sample sizes, our study was not originally designed
to compare the individual effects of different factors in
determining pharyngeal collapsibility and, thus, on the
pathogenesis of OSA. In the present study, OSA patients
were on average 8 years older than those with habitual
snoring. It has been shown that weight gain is a risk factor
for snoring in all age groups, while smoking is mainly
associated with snoring in men less than 60 years of age
[38]. The natural history of OSA is that the disease tends to
worsen, mostly due to weight gain, and therefore, over-
weight individuals with mild OSA may be considered to be
at high risk for suffering from progression of the disease.
How all these are related to the different fat deposits of
body needs large, long-term studies. Furthermore, al-
though the standard for diagnosing OSA has been based
on in-laboratory polysomnography, the cardiorespiratory
devices used in the present study are considered as reliable
for diagnosing and monitoring the response to non-CPAP
treatments for OSA with some limitations [39].

The present study demonstrates that the volume of
parapharyngeal fat area may play an important role both in
the pathophysiology and the evolution of OSA in overweight
patients. In addition to an improvement of central obesity
and a reduction in the chronic systemic inflammation, the
beneficial effect of weight loss in overweight patients with
mild OSA may partly result from a reduction in the pharyn-
geal fat pad.
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