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Introduction
In the last 20 years, fat distribution has been considered
a crucial causative factor of the excess morbidity and
mortality found in obese patients. Several experimental
evidences definitely linked visceral fat accumulation to
metabolic disturbances [1–5]. The evaluation of fat
distribution by the simple measurement of the waist
circumference has been therefore suggested by guidelines to determine cardiovascular risk of overweight in
obese patients [6]. At the same time, less attention has
been paid to the relationship between visceral fat
accumulation and respiratory complications, despite
these complications frequently represented an important clinical problem in obese patients.
This review focuses on the role played by visceral fat
accumulation on the decrease of pulmonary function and
on the prevalence of obstructive sleep apnoea syndrome
(OSAS) in obese patients. The effects of weight loss in
respiratory complications will be also briefly summarized
with a particular emphasis on the role played by visceral
fat removal.

Visceral Fat and Pulmonary Volumes
It is established that obesity reduces respiratory function. Obese patients are typically affected by a restrictive
respiratory impairment, with the most characteristic
pulmonary function abnormality being a reduction of
the expiratory reserve volume (ERV) [7,8]. By categorizing
48 morbidly obese male and female patients according to
computed tomography (CT)-determined abdominal fat

distribution, Enzi et al. [9] proved that patients with
visceral obesity had lower ERV than patients with subcutaneous obesity and same body mass index (BMI)
levels. The reduction of ERV was associated with a reduction of the arterial oxygen tension [9]. Measuring pulmonary volumes in 42 male fire fighters with normal weight
or mild obesity, Collins et al. [10] confirmed that men
with upper body fat distribution [waist-to-hip ratio
(WHR)  0.950] had forced vital capacity (FVC) lower
than men without abdominal obesity.
In population studies, adjusted FVC was negatively
associated with the waist circumference values in 621
men from the Pilot Survey of Fitness of Australians [11],
1094 men from the Baltimora Longitudinal Study on
Ageing [12] and 865 men from the Fourth Scottish
Monitoring Trends and Determinants in Cardiovascular
Disease (MONICA) cross-sectional survey [13]. In women,
the relationship between fat distribution and pulmonary volumes was less established. In the Baltimora
Longitudinal Study on Ageing, larger values of WHR
were associated with greater decrease of FVC in men
(beta ¼ 1.383, p ¼ 0.005) compared to women (beta ¼
0.679, p ¼ 0.02) [12] (figure 1). In the Fourth Scottish
MONICA survey, the effects of increasing waist circumference values on FVC were similar in men (beta ¼
0.008, p ¼ 0.04) and in women (beta ¼ 0.007,
p ¼ 0.01) [13]. Existing data suggested that visceral fat
accumulation was strictly related to restrictive respiratory impairment in men. In women, the association was
probably weaker and appeared only when highly
reliable indexes were used to estimate visceral fat
accumulation.
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Fig. 1 Variations of forced vital capacity (FVC) with increasing
levels of waist-to-hip ratio (WHR) in men and women from the
Baltimora Longitudinal Studies of Ageing [12].

The decrease of ERV and FVC associated with abdominal obesity has been attributed to a mechanical effect
played by visceral fat accumulation. Fat accumulation in
the abdominal cavity increases intra-abdominal pressure
[14]. The increase of intra-abdominal pressure observed
in visceral obesity is able to pump upwards the diaphragmatic muscle, compressing the parenchyma of the
lung, particularly at the basal regions. Moreover, the
over-stretching of the diaphragmatic muscle fibres
caused by the elevation of the diaphragmatic domes
produced by visceral fat can decrease the contractile
efficiency of the diaphragmatic muscle [15]. The pumping effect of visceral fat on the diaphragm is enhanced
by the supine position, probably causing a further
reduction of pulmonary volumes and arterial oxygen
tension during sleep [16]. In 13 adult patients with moderate obesity, the change of posture from the supine to
upright position improves arterial oxygenation [17].
However, in patients with extreme visceral obesity, the
pumping effect of visceral fat can be so pronounced
that moving from the supine to the upright position
does not result in an increase of pulmonary volumes
and arterial oxygen tension [9].

Visceral Fat and the Sleep Apnoea Syndrome
Obesity is the most important reversible risk factor for
OSAS [18]. From an epidemiological point of view, the
prevalence of OSAS showed a close correlation with
adiposity, rising from a prevalence of 2–4% in the
general population [19] to a prevalence of at least 40%
in morbidly obese patients [20]. However, the prevalence and severity of OSAS in overweight and obese
patients have been shown to be more dependent on the
fat distribution than on the level of total fatness. Waist
circumference was a better predictor of OSAS than BMI
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in 1464 consecutive overweight or moderately
obese men undergoing a sleep study for suspected
sleep-disordered breathing [21]. By using a more precise
method for the assessment of visceral fat accumulation,
Vgontzas et al. [22] demonstrated that male obese
patients with OSAS had a greater amount of CT-determined visceral adipose tissue into the abdomen than a
group of BMI-matched men without sleep-disordered
breathing. Studying 20 men with primary obesity, Shinohara et al. [23] confirmed that the prevalence of OSAS
increased concomitantly with the increment of visceral
adipose tissue area. All the patients with visceral adipose tissue area of more than 220 cm2 manifested OSAS,
while no patients with visceral adipose tissue area of
less than 120 cm2 were classified as suffering from
sleep-disordered breathing (figure 2). A strong correlation between the level of visceral fat accumulation as
determined by abdominal CT scan and the severity of
OSAS was also demonstrated by our group in 48 morbidly obese patients of both sexes [9]. The role of abdominal visceral obesity as a predictor of OSAS in morbidly
obese men has been recently questioned by Resta et al.
[24] who claimed a better predictive role for the neck
circumference than for the waist circumference in 57
men with BMI > 30 kg/m2. Neck is a potent anthropometric predictor of OSAS [25–27]. However, given the
relationship between waist circumference and neck
circumference levels in obese subjects [21], the relative
independent role of each of these two anthropometric
parameters remained to be determined.
Decreased pharyngeal patency was considered the
most important pathogenetic mechanism leading to
OSAS in obese patients [18]. By CT scanning, Haponik
et al. [28] first demonstrated that CT scan measurements
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Fig. 2 Prevalence of obstructive sleep apnoea syndrome
(OSAS) in relation to CT-determined intra-abdominal
visceral fat area in obese subjects. OSAS was defined as an
apnoea index > 5 [23].
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of cross-sectional areas of the nasopharynx, oropharynx
and hypopharynx were significantly reduced in 20
mildly obese middle-aged men with OSAS as compared
to 10 control subjects. In this small group, reduced
pharyngeal size correlated with increased sleepdisordered breathing rates and more severe nocturnal
oxygen desaturation [28]. A reduction of the cross-sectional
area of the upper airways was also found by CT in patients
with morbid obesity and OSAS [29]. We recently
confirmed a reduced pharyngeal size in morbidly obese
patients with OSAS by using acoustic reflection technique
[30]. Acoustic analysis of the upper airways showed that
the cross-sectional area was reduced along the length of the
pharynx, as shown by the two paradigmatic pharyngometric curves depicted in figure 3.
Reduction in pharyngeal size in obese patients with
OSAS has been attributed to a mass loading effect
produced by fat deposited around the upper airways.
By using nuclear magnetic resonance (NMR), Horner
et al. [31] demonstrated that patients with OSAS had
larger deposit of adipose tissue around the pharynx
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Fig. 3 Upper airways cross-sectional areas were analysed in
two subjects by acoustic pharyngometry. Acoustic reflection
technique uses acoustic technology to evaluate upper airways
cross-sectional area from oral cavity to hypopharynx. The
technique is based on the analysis of sound waves that are
launched from a loudspeaker and travel along the wave tube
into the subject’s airways, where they are reflected. The
incident waves and the reflected waves are recorded by a
microphone located at the opening of the mouth. From the
difference in the two signals, changes in airways area are
inferred as a function of the distance from the recording
microphone and a graphic plot of the variations of pharyngeal
cross-sectional area (cm2) through the length of the pharynx
(cm) was obtained. The dotted line represents the pharyngometric curve of a normal weight man [body mass index (BMI)
20.8 kg/m2] without obstructive sleep apnoea syndrome
(OSAS), and the solid line represents the pharyngometric
curve of a morbid obese man (BMI 82.0 kg/m2) with severe
OSAS.
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than control subjects. Peri-pharyngeal fat pads were
close to the postero-lateral wall of the palato-pharynx,
a known site of upper airways dynamic occlusion during
sleep [31]. Mortimore et al. [32] demonstrated substantially increased deposits of fat laterally to the upper
airway also in non-obese patients with OSAS. Finally,
NMR-determined volume of adipose tissue adjacent to
the airway was found to be directly related to the
number of apnoeic episodes during sleeping [33].
Alternatively, a reduction in pharyngeal size has been
attributed to a reduction in lung volume. Hoffstein et al.
[34] demonstrated a negative correlation between lung
volume and pharyngeal cross-sectional area in patients
with sleep apnoea. As mentioned above, in visceral
obesity the accumulation of fat inside the abdomen
pumped upwards the diaphragm, causing a reduction
in lung volumes [10]. The reduction of lung volume
was enhanced by the supine position and during sleep
[16]. Indeed, visceral CT-determined adipose tissue area
was related to presence and severity of OSAS [23]. In a
recent NMR study, Schäfer et al. [35] demonstrated that
the amount of intra-abdominal fat, and not the size of
para-pharyngeal fat, was associated with OSAS in 85
consecutive male patients.
Whatever the mechanism, it is also possible that intraabdominal fat accumulation and fat deposition around
the pharynx should coexist in obese patients, being two
different faces of visceral obesity. In a previous study
with CT scanning, Enzi et al. [36] demonstrated a close
correlation between visceral adipose tissue area of the
abdomen and visceral adipose tissue area at the thoracic
level in both sexes. A significant correlation between
visceral adipose tissue areas and cephalometric pharyngeal dimensions has been found by Shinohara et al. [23]
in obese men and women.

Effects of Weight Loss
Several experimental evidences definitely proved that
the respiratory complications of obesity can be improved
by body weight reduction. In the Swedish Obese
Subjects (SOS) study, 87% of morbid obese patients
complained at baseline with dyspnea when climbing
two flights of stairs and 24% when performing simple
activities of daily living such as washing or dressing. In
this study, a sustained surgically induced weight loss
was able to drastically reduce the incidence of exertional
dyspnea, with only 19% of patients still complaining
with dyspnea when climbing stairs and 3% when washing or dressing [37]. The reduction of dyspnea was
associated to increased vital capacity, FRV and ERV
[38,39]. Moreover, weight loss was associated with a
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clear improvement in the symptoms of OSAS [40] and a
reduction in the number of the apnoeic episodes
registered at polysomnography [41] in surgically treated
morbidly obese patients.
One of the recent major advances in the treatment of
obesity was the concept that a modest weight loss resulted
in a clinically significant improvement of metabolic complications and cardiovascular risk profile [42]. It is
noteworthy that also the respiratory complications of obesity appeared to be positively affected, at least in the short
term, by only a moderate level of body weight reduction.
Dividing 1087 morbidly obese patients according to quartiles of weight reduction, the SOS investigators were able to
show that the larger reduction in the risk in continuing to
suffer from dyspnea as compared to patients with stable
weight (þ4.0 kg) was obtained in patients with larger weight
loss (41.5 kg) [relative risk (RR) 0.02; 95% confidence
interval (CI) 0.01–0.03]. However, a significant reduction
of risk was also observed in the group of patients
with only a moderate weight loss (RR 0.26; 95% CI 0.18–
0.33). In this group, mean weight loss was 7.9 kg, a low
level of body weight reduction in severe obesity [37]. Studying a small group of patients with OSAS and severe visceral
obesity (baseline BMI of 54.7  9.5 kg/m2) treated by intragastric balloon, we recently observed a high reduction of the
number of apnoeic episodes during sleeping and a
significant reduction of the daytime symptoms of OSAS
with a relatively modest level of weight loss and despite
the fact the patients still remained affected by severe obesity
after treatment [30].
If both pulmonary function impairment and sleepdisordered breathing were more dependent on visceral
fat accumulation than on the simple level of total fatness,
it could be hypothesized that the improvements of respiratory complications observed with only a moderate body
weight reduction could be ascribed to a selective reduction
of visceral fat. In a study with total body multislices NMR,
we demonstrated a preferential mobilization of abdominal
visceral fat with respect of total and regional subcutaneous
fat in the first phase of weight loss in a small group of six
premenopausal women with visceral obesity treated by
laparoscopic gastric banding [43]. It is therefore possible
that the improvements of pulmonary volumes and OSAS
observed after a modest weight loss should be a part of
the better responsiveness of visceral than subcutaneous
fat to caloric restriction. However, this hypothesis needs
to be directly proved.

Conclusions
A large number of epidemiological and clinical studies
suggest that visceral fat accumulation is a critical factor
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to determine the respiratory complications of obesity
(reduced lung volumes and OSAS). A lot of evidences
suggest that sleep-disordered breathing may be an
independent risk factor for cardiovascular disease [44]
and that it may be associated with the presence of
metabolic disturbances and the insulin resistance syndrome [45–47]. Although two recent studies reported an
independent association between OSAS and insulin
resistance [48,49], it is possible that the association
between sleep-disordered breathing, cardiovascular
morbidity and insulin resistance may be mediated
by the deleterious mechanical and metabolic effects of
visceral fat accumulation. Respiratory complications
should therefore be considered as a part of the pleiotropic clinical picture of visceral obesity.
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