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SUMMARY

The question of whether upper airway resistance syndrome (UARS) is a distinct disease
or an initial feature of obstructive sleep apnoea syndrome is still a matter of debate. We
evaluated a retrospective group of UARS patients to determine the evolution of UARS
over time and the relationship between clinical evolution and subjectsÕ phenotype.
Investigations were performed in 30 patients, in whom UARS was diagnosed between
1995 and 2000 by the use of full polysomnography (PSG) without oesophageal pressure
(Pes) measurement. The time between initial and follow-up investigations was
6.6 ± 2.6 years. All subjects had full PSG with Pes measurement and completed a
sleep questionnaire, including the Epworth Sleepiness Scale. In 19 subjects, PSG results
were compatible with UARS. In nine subjects, obstructive sleep apnoea–hypopnoea
syndrome (OSAHS) was diagnosed. In two subjects, PSG did not demonstrate
breathing abnormalities. The mean ± SD apnoea–hypopnoea index in the UARS
group was 1.5 ± 1.7 h)1 and 25.2 ± 19 h)1 in the OSAHS group (P < 0.01). The
increase in body mass index (BMI) between initial and follow-up investigations in the
UARS group was from 29.4 ± 4 to 31 ± 5.7 kg m)2 (P = 0.014) and in the OSAHS
group from 30 ± 4.1 to 32.4 ± 4.7 kg m)2(P = 0.004). Amplitude of Pes swings
during respiratory events was signiﬁcantly higher in OSAHS than that in UARS
(P = 0.014). Our results suggest that UARS is part of a clinical continuum from
habitual snoring to OSAHS. Progression from UARS to OSAHS seems to be related to
an increase in the BMI.
k e y w o r d s obstructive sleep apnoea, oesophageal pressure, polysomnography,
upper airway resistance syndrome

INTRODUCTION
Guilleminault et al. (1993) described a group of subjects
whose main clinical symptom was excessive daytime sleepiness. On polysomnographic evaluation, these subjects presented with multiple arousals during sleep preceded by
increased breathing eﬀort without apnoea or hypopnoea.
Continuous recording of oesophageal pressure (Pes) revealed
multiple excessive breathing eﬀorts during sleep terminated
by arousals. Guilleminault et al. (1993) suggested that this
conglomeration of symptoms and signs represented a distinct
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clinical entity, and named it Ôupper airway resistance
syndromeÕ (UARS). Publication was preceded by four earlier
reports on the same type of patients (Guilleminault et al.,
1991, 1992; Stoohs and Guilleminault, 1990, 1991). Between
1993 and 2000, Wheatley (2000) found 20 original papers
describing patients with UARS.
A questionnaire survey among pulmonary and sleep specialists performed in the United States in 1995 revealed that
UARS was diagnosed in 60% of sleep laboratories, although
in only a few was Pes recording performed to conﬁrm the
diagnosis (Phillips et al., 1996).
The American Academy of Sleep Medicine (AASM) did not,
however, recognize UARS as a separate disease. In 1999, the
Academy proposed including UARS as a preclinical stage
of obstructive sleep apnoea syndrome (OSAS) unless new
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evidence conﬁrming distinctness of the syndrome emerged
(AASM Task Force, 1999). In 2005, AASM included UARS
as an OSAS (AASM, 2005).
We decided to investigate the clinical evolution of a
retrospective group of patients with UARS diagnosed in our
laboratory between 1995 and 2000 to add new evidence to the
continuing debate on the place of UARS in the sleepdisordered breathing spectrum (Douglas, 2000; Guilleminault
and Chowdhuri, 2000b; Guilleminault et al., 2000a, 2001,
2006; Loube and Andrada, 1999).
The aim of our study was to investigate: (1) the clinical
evolution of patients with UARS over time; and (2) the
relationship between clinical evolution and subjectsÕ phenotype.
MATERIALS
From 1995 to 2000 in our sleep laboratory, 25 males and 5
females, aged 34–66 years (mean ± SD 54.1 ± 7.8), were
diagnosed with UARS. The diagnosis was based on the
original Guilleminault et al. (1993) description: typical clinical
symptoms (snoring and excessive daytime somnolence) and
apnoea–hypopnoea index (AHI) <5 h)1. All patients presented with excessive daytime sleepiness, disrupted sleep and
low AHI (Table 1). Periodic limb movement disorders were
excluded. None of the subjects investigated accepted continuous positive airway pressure therapy.
In 2002, all subjects were contacted by letter inviting them
for a new assessment as part of the study to evaluate the
current status of their sleep-disordered breathing. All patients
gave their informed consent. The time between initial
assessment
and
current
investigations
averaged
6.6 ± 2.6 years. The protocol was approved by the institutional ethics committee.

Table 1 Comparison of initial investigation and follow-up investigation: Epworth Sleepiness Scale (ESS), body mass index (BMI) and
polysomnography (PSG) variables

Variable

Initial
investigation
(n = 30)

Follow-up
investigation
(n = 30)

Age (years)
BMI (kg m)2)
ESS (points)
AHI (per hour)
ARI (per hour)
SaO2 min (%)
SaO2 mean (%)
T90 (%)

47.4
29.7
15.1
3.3
32.4
87.5
93.1
4.6

54.1
31
14.5
8.6
35.1
87.5
93
8.4

±
±
±
±
±
±
±
±

7.9
3.8
3.6
2.6
15.1
4.1
1.6
8

±
±
±
±
±
±
±
±

7.8
5*
5.2
15*
17.3
5.4
2.6
20.6*

*P < 0.001. AHI, apnoea–hypopnoea index; ARI, arousal index;
SaO2 min, minimal arterial blood oxygen saturation; SaO2 mean,
mean arterial blood oxygen saturation; T90, percentage of time
spent in SaO2 < 90%.

METHODS
All subjects completed a sleep questionnaire that included the
Epworth Sleepiness Scale (ESS) (Johns, 1992). All subjects
underwent medical history checks, clinical evaluation and
diagnostic nocturnal polysomnographic recording. The clinical
evaluation included examination of the upper airway by an
ear–nose–throat specialist.
Measurements
All patients underwent ﬁrst full night polysomnography (PSG
1) with SomnoStar Alfa Series (SensorMedics Corporation,
Yorba Linda, CA, USA) between 1995 and 2000 according to
standard techniques. At that time, our sleep laboratory was
not equipped to measure Pes. Measurements included central
and occipital electroencephalograms (EEG), right and left
electro-oculograms (EOG), submental and tibial electromyograms and electrocardiograms. Oronasal airﬂow was recorded
by thermistor, thoracoabdominal movements by inductive
plethysmography, snoring sounds by microphone taped above
the larynx and arterial blood oxyhaemoglobin saturation by
pulse oxymetry.
The second (follow-up) PSG (PSG 2) was performed during
the current investigation and included, in addition, to a
standard recording montage, the measurement of Pes. Pes was
measured with a conventional 10-cm latex balloon catheter
placed transnasally in the lower third part of the oesophagus.
The balloon catheter was connected to a pressure transducer
(143PC03D Honeywell, Freeport, IL, US) and recorded on
line on one of the PSG channels.
The PSG recordings were scored manually using 30-s epochs
following Rechtschaﬀen and KalesÕ (1968) criteria for sleep
and wake determination and sleep staging. Arousals were
deﬁned as lasting more than a 3-s shift to alpha or theta EEG
activity from a slower background frequency. Arousals were
scored blind to respiratory events. Initial and second polysomnograms were scored and interpreted by the same investigators using exactly the same criteria.
Abnormal respiratory events were evaluated according to
the standard criteria of the AASM Task Force (1999).
Apnoeas were deﬁned as a cessation of airﬂow for at least
10 s, and hypopnoeas as more than 50% decrease in airﬂow
from baseline in amplitude of a valid measure of breathing
during sleep for 10 s or more, associated with either an oxygen
desaturation of >3% or an arousal. Respiratory events
characterizing UARS were detected through analysis of a
respiratory pattern showing a crescendo increase in Pes
amplitude followed by an EEG arousal (Guilleminault et al.,
1993). Pes crescendo was deﬁned as an increase of more than
20% in inspiratory peak Pes amplitude (Pesmax) compared
with baseline Pes (Pesmin), lasting 10 s or more, without
apnoea and ⁄ or hypopnoea (AASM Task Force, 1999; Berg
et al., 1997). An arousal was followed by an abrupt reduction
of negativity of Pes amplitude and such episodes were not
accompanied by signiﬁcant oxygen desaturation.
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Neck and abdominal circumferences were measured and the
ESS was completed by all subjects.
Statistical analysis
Statistical analyses were performed with statistica version 6.0
software (StatSoft, Tulsa, OK, USA, 2001). Quantitative data
were described by the use of mean ± SD. Diﬀerences between
group characteristics were analysed with the unpaired t-test.
PearsonÕs method was used to analyse correlations between
study variables. Tests were considered signiﬁcant when
P < 0.05.
RESULTS
Analysis of PSG 2 led us to separate the investigated subjects
into three groups. In 19 subjects, PSG results were compatible
with UARS. In nine subjects, obstructive sleep apnoea–hypopnoea syndrome (OSAHS) was diagnosed. They presented
AHI >5 h)1 and ESS > 9 points. The detailed PSG results in
UARS and OSAHS patients are presented in Table 2.
In two subjects, PSG did not demonstrate sleep or breathing
abnormalities. During follow-up time, the ﬁrst subject lost
10 kg of body weight. The second subject also lost weight
(2.5 kg) and completely changed his lifestyle. He resigned from
a stressful managerÕs job and became a gardener. They both
stopped snoring and excessive daytime sleepiness ceased. Both
were excluded from further analysis.
The mean body mass index (BMI) was lower in UARS
patients than that in OSAHS patients (31 ± 5.7 versus
32.4 ± 4.7 kg m)2; P = 0.034). The increase in BMI between
PSG 1 and PSG 2 was signiﬁcant in both groups.
However, there was no correlation (r = 0.24, P = 0.19)
between the change in weight and the change in AHI across the
whole group over the follow-up period. The UARS subjects
increased weight by (mean) 3.1 kg and OSAHS subjects by
(mean) 6.2 kg.

The study group was subdivided into subjects who presented
with normal body weight at entry (BMI £ 25) and subjects
with BMI more than 25 kg m)2. Three subjects had normal
body weight at entry. Two did not gain weight and remained in
the UARS group. One increased BMI from 21.8 to
25.6 kg m)2 (11 kg) and developed OSAHS. The remaining
27 subjects were overweight at entry (mean BMI, 30.5 kg m)2).
Two subjects lost weight and they had no symptoms and signs
of UARS at follow-up. Of the other 25 subjects, eight of nine
who were overweight at entry and continued to increase their
weight during the follow-up period developed OSAHS; the rest
remained in the UARS group.
The mean neck circumference was 42.3 ± 2.19 cm, and was
almost identical in the UARS and OSAHS groups (42.2 ± 2.2
versus 42.5 ± 2.4 cm). The mean abdominal circumference
was 105.5 ± 12.5 cm, and the diﬀerence between the UARS
and the OSAHS groups was also not signiﬁcant (103.3 ± 12.9
versus 108.5 ± 7.8 cm) (P = 0.18). Three males with normal
body weight at entry had a neck circumference within normal
limits at 40–42 cm (mean 40.6 ± 1.15 cm) and an abdominal
circumference of 86–92 cm (mean 88.3 ± 3.21 cm). All overweight patients with OSAHS and 13 subjects with UARS had
an abnormal abdominal circumference, mean 108.5 ± 7.8 cm
and 109.7 ± 10.3 cm respectively.
The mean ± SD AHI in the UARS group was
1.5 ± 1.7 h)1 and was 25.2 ± 19 h)1 (range 11–73) in the
OSAHS group (P < 0.01) (Table 2). There were no signiﬁcant
diﬀerences between the groups in the lowest nocturnal oxygen
saturation and mean nocturnal oxygen saturation. The total
time spent in desaturation (SaO2 < 90%), however, was
signiﬁcantly higher in the OSAHS group than that in the
UARS group (P = 0.01) (Table 2).
Initial Pes measurements were performed in awakened
subjects during quiet-breathing in both sitting and supine
positions. In both positions, inspiratory Pes remained in the
normal range, with mean )6.3 ± 2.2 cmH2O (sitting) and
)5.3 ± 2.9 cmH2O (supine).

Table 2 Comparison of age, body mass index (BMI), epworth sleepiness scale (ESS) and respiratory polysomnography (PSG) variables in two
groups: upper airway resistance syndrome (UARS) and obstructive sleep apnoea–hypopnoea syndrome (OSAHS) subjects [mean ± SD]
UARS (n = 19)
Variable

PSG 1

Age (years)
BMI (kg m)2)
ESS (points)
AHI (per hour)
ARI (per hour)
SaO2 min (%)
SaO2 mean (%)
T90 (%)

47.5
29.4
14.9
3.8
34.1
88.2
93.3
4.2

±
±
±
±
±
±
±
±

OSAHS (n = 19)
PSG 2

7
4
3.5
2.9
16.2
4
1.9
8.6

53.5
31
14.4
1.5
37.2
88.7
93
2.3

±
±
±
±
±
±
±
±

7
5.7
5.3
1.7
18.5
3
2
6.2

P

PSG 1

0.014
NS
0.006
NS
NS
NS
NS

47.2
30
14.9
2.7
30.7
86.1
92.3
6.2

±
±
±
±
±
±
±
±

P

PSG 2
9.7
4.1
4
1.7
13.9
4.6
1.9
7.5

54.9
32.4
15.5
25.2
34.9
84.4
91.8
22.2

±
±
±
±
±
±
±
±

10.8
4.7
5.2
19
14
8.1
3.6
33.7

0.004
NS
0.007
NS
NS
NS
0.01

PSG 1, ﬁrst polysomnography when UARS was diagnosed; PSG 2, second polysomnography with oesophageal pressure (Pes) measurement after
(mean) 6 years of follow-up; AHI, apnoea–hypopnoea index; ARI, arousal index; SaO2 min, minimal arterial blood oxygen saturation; SaO2
mean, mean arterial blood oxygen saturation; T90, percentage of time spent in SaO2 < 90%; NS, not signiﬁcant.
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Table 3 Comparison of oesophageal pressure (Pes) measurements
in two groups: upper airway resistance syndrome (UARS) and
obstructive sleep apnoea–hypopnoea syndrome (OSAHS) subjects
[mean ± SD]
Variable
(cmH2O)

UARS
(n = 19)

Pesmin
Pesmax
DPes
expmin
expmax
Dmin
Dmax
T(s)

)7.7
)15.2
9
5.6
6.1
13.2
22.8
38.1

±
±
±
±
±
±
±
±

OSAHS
(n = 9)
3.5
9.5
3.5
3.1
3.2
6.4
9.3
8.2

)5.7
)19.7
14
4.8
5.7
10
25.4
34.5

±
±
±
±
±
±
±
±

P
3.4
8.5
5.9
2.2
2.3
5.5
10.4
6.6

NS
0.0421
0.014
NS
NS
NS
NS
NS

Pesmin, inspiratory baseline oesophageal pressure at the beginning of
the respiratory event; Pesmax, inspiratory peak of oesophageal
pressure at the end of respiratory event; DPes, amplitude between
baseline oesophageal pressure at the beginning of the event (Pesmin)
and inspiratory peak (Pesmin); expmin, expiratory pressure at the
beginning of the event; expmax, expiratory pressure at the end of the
event; Dmin, amplitude between Pesmin and expmin; Dmax, amplitude
between Pesmax and expmax; T, duration of episode; NS, not
signiﬁcant.

During sleep, average maximum negative Pes demonstrated
a wide variability in both UARS and OSAHS patients. The
mean inspiratory peak Pes at the end of increased respiratory
eﬀort (Pesmax) was )16.2 ± 9.1 cmH2O. It was higher in the
OSAHS ()19.7 ± 8.5 cmH2O) than that in the UARS group
()15.2 ± 9.5 cmH2O) (P = 0.042). Two subjects without
symptoms of UARS or OSAHS also had episodes of increased
inspiratory eﬀort, but fewer in the rest of the group (1.5 and
6.2 h)1). Their mean Pesmax was )13.2 and )13 cmH2O,
slightly lower than that in UARS patients.
Pes amplitude (DPes) between baseline Pes at the beginning
of the event (Pesmin) and inspiratory peak pressure (Pesmax)
was also higher in OSAHS patients (mean 14 ± 5.9 cmH2O)
than that in UARS patients (9 ± 3.5 cmH2O) (P = 0.014). In
two subjects without breathing abnormalities, DPes was 5.9
and 3.9 cmH2O respectively. There was no signiﬁcant diﬀerence between groups in other variables (for details see
Table 3).
The mean ESS in UARS patients was 14.5 ± 5.2 points,
and 15.5 ± 5.3 in OSAHS patients (P = 0.048). In four
UARS subjects, ESS score was <10 points. In PSG 2,
however, they presented episodes of increased respiratory
eﬀort related to arousals. All subjects with OSAHS had an
ESS score ‡10 points. Snoring was prevalent. In the UARS
group, 84% of subjects and all subjects in the OSAHS group
were habitual snorers.
DISCUSSION
We found that during 6 years of follow-up of the group, in
patients diagnosed originally as having UARS, a signiﬁcant
number of the studied subjects developed signs of OSAS.
Transition from UARS to OSAHS was related to a signiﬁcant

increase in the BMI. Our data support the opinion that UARS
belongs to the clinical spectrum of OSAS.
Lugaresi et al. (1990), in a retrospective study of 118
patients with OSAHS, regarded the disease as a continuum,
starting with heavy snoring. Increase in BMI led to the
appearance of obstructive apnoea and correlated later with the
AHI. A similar evolution could be observed in our study.
Subjects with the highest increase in BMI developed signs of
OSAHS. In subjects with a smaller increase in BMI, the
clinical picture of the disease remained unchanged. In two
subjects, who lost weight, snoring and daytime somnolence
disappeared.
Guilleminault and Chowdhuri (2000b) presented new evidence supporting the hypothesis that UARS is a distinct
clinical entity. Comparing UARS patients with OSAHS
patients, they found that UARS patients presented with a
diﬀerent phenotype. UARS patients are characterized by
ÔGothicÕ (high and narrow) hard palate and absence or early
extraction of wisdom teeth. None of our subjects presented
with such abnormalities.
Guilleminault et al. (2000a) investigated 176 OSHAS and
128 UARS subjects. In the OSHAS group, older age and a
wider-neck circumference were signiﬁcantly diﬀerent compared to the UARS group. In this sample, there was no
signiﬁcant diﬀerence in mean BMI (UARS 28.2 4.1 versus
OSHAS 29 3.7 kg m2), arousal index and ESS.
Guilleminault et al. (2006) published a prospective study of
94 patients diagnosed with UARS between 1995 and 1998,
according to a new deﬁnition of UARS based on AHI <5 h)1
and oxygen saturation >92% throughout the night. Followup investigations performed for 43–69 months after initial
evaluation showed that ﬁve subjects had AHI compatible with
OSAHS, conﬁrming their evolution from UARS to OSAHS
(Guilleminault et al., 2006). An increase in body weight was
observed in all subjects. The majority of patients did not
increase their weight signiﬁcantly and were still in the UARS
group.
In our observation, the UARS subjects increased weight by
(mean) 3.1 kg and OSAHS subjects by (mean) 6.2 kg. We did
not ﬁnd a correlation between changes in BMI and AHI. In
two subjects, the second PSG did not show sleep or breathing
abnormalities and they lost body weight during the follow-up
period. Only three subjects had normal body weight at entry.
Two did not gain weight and remained in the UARS group.
One increased BMI from 21.8 to 25.6 kg m)2 (11 kg) and
developed OSAHS.
Friberg et al. (1998) hypothesized that a progressive lesion
in the aﬀerent and ⁄ or eﬀerent nerve pathways in this reﬂexogenic mechanism, caused by the snoring trauma, is a
contributory factor to the collapsibility and obstruction of
the upper airway seen in patients with OSAHS. Kimoﬀ et al.
(2001) found that non-apnoeic snorers and OSAHS patients
had similar abnormal-pharyngeal sensitivity of receptors
compared with normal subjects.
The diﬀerence in average maximum negative Pes observed
between UARS and OSAHS in our study was signiﬁcant. In
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other studies comparing UARS with OSAHS patients, the
diﬀerence in Pes values was not signiﬁcant (Guilleminault
et al., 2001; Loube and Andrada, 1999; Pelin et al., 2003).
There is common agreement that respiratory eﬀort is comparable in OSAHS and UARS patients. Only Guilleminault and
Chowdhuri (2000b) suggested that in UARS patients, the
internal respiratory load is exquisitely sensitive therefore
allowing the patient to wake up in response to a small increase
in inspiratory eﬀort.
Rees et al. (2000), comparing UARS patients and asymptomatic subjects, showed that there was no signiﬁcant diﬀerence in frequency of either ﬂow limitation or resistive events
between the two groups. Pleural pressure swings at resistive
event termination were, however, signiﬁcantly more negative
in the UARS group (mean )15 versus )11 cmH2O, P = 0.02),
and the number of cortical arousals associated with resistive
events was higher in the UARS patients (median 10 versus
3 h)1 sleep; P = 0.02).
Our study has several limitations. The ﬁrst PSG was
performed without Pes measurement as at that time we were
not equipped to record Pes during sleep. All patients, however,
complied with the UARS diagnostic criteria that we used
(Guilleminault et al., 1993): excessive daytime sleepiness,
elevated EEG arousal index and normal respiratory disturbance index of fewer than ﬁve events per hour of sleep. In
addition, all patients were heavy snorers. Another important
limitation is that we measured airﬂow using a thermistor, a
method replaced by a nasal cannula pressure transducer, which
is much more sensitive in detection of breath amplitude.
A further limitation is short total sleep time, which did not
allow us to perform a valid analysis of sleep and could also
inﬂuence the results of sleep-disordered breathing analysis.
CONCLUSIONS
Our ﬁndings suggest that UARS is part of a clinical continuum
from habitual snoring to OSAHS. Progression from UARS to
OSAHS seems to be related to increase in the BMI.
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