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We investigated the presence of low blood pressure (BP) in 4,409
subjects referred for overnight polysomnography. A low resting
arterial BP (systolic BP 

 

�

 

 105 mm Hg, diastolic BP 

 

�

 

 65 mm Hg) was
present in 101 subjects (2.3%). Low BP was more prevalent in
subjects with upper airway resistance syndrome (UARS) (23%) than
in subjects with obstructive sleep apnea syndrome (OSAS) (0.06%),
parasomnia (0.7%), restless leg syndrome (0.9%), or psychologi-
cal insomnia (0.9%). In order to investigate BP homeostasis, we
conducted polysomnography followed by tilt-table testing on 15
subjects with orthostatic intolerance (OI) and UARS, five normo-
tensive subjects with UARS, five subjects with insomnia and low
BP, 15 subjects with OSAS, and 15 healthy control subjects. Fifteen
subjects with UARS and OI and 15 healthy controls also underwent
24-h ambulatory BP monitoring. Subjects with OI and UARS had

 

lower mean daytime systolic (119 

 

�

 

 28 mm Hg) and diastolic
(75 

 

�

 

 18 mm Hg) BP than did control subjects (131 

 

�

 

 35 mm Hg
and 86 

 

�

 

 19 mm Hg, respectively) (p 

 

�

 

 0.05). During tilt-table
testing, subjects with UARS and a history of OI had a greater de-

 

crease in systolic BP (27 

 

�

 

 3 mm Hg) than did control subjects
(7.5 

 

�

 

 1.6 mm Hg), subjects with OSAS (6.8 

 

�

 

 1.2 mm Hg), nor-
motensive subjects with UARS (7.2 

 

�

 

 0.84 mm Hg), or hypotensive
insomniacs (7.4 

 

�

 

 1.1 mm Hg) (p 

 

�

 

 0.01). We conclude that ap-
proximately one fifth of subjects with UARS have low BP and com-
plain of OI. Tilt-table testing may be indicated to confirm ortho-
static intolerance in subjects with UARS.
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Currently, there is no data on the prevalence of hypotension
and orthostatic intolerance in subjects with sleep-disordered
breathing. Although obstructive sleep apnea (OSA) is associ-
ated with chronic hypertension (independent of obesity and
other factors), not all subjects with sleep-disordered breathing
are hypertensive (1–5). This suggests heterogeneity of blood
pressure (BP) control in patients with sleep-disordered breath-
ing. The upper airway resistance syndrome (UARS) is a form
of sleep-disordered breathing in which repetitive increases in
resistance to airflow within the upper airway lead to brief
arousals and sleep fragmentation (6–9). The level of negative
intrathoracic pressure (increase in respiratory effort), rather
than hypoxemia, is the most likely stimulus for arousal (9).

Arterial hypotension remains a leading differential diagno-
sis in the evaluation of subjects with syncope. Orthostatic hy-
potension (OH) is of particular concern to physicians because
it diminishes the quality of life and increases the incidence of falls
(10–14). In some subjects, hypotension and orthostatic intoler-
ance (OI) are attributed to underlying Parkinson’s disease, an-
tihypertensive medications, and autonomic neuropathy. When
the cause is unknown, treatment involves supportive care and
lifestyle changes, although oral vasopressors are useful in some
cases (10–14).

We have observed that some subjects referred for sleep
studies also report OI. Although the development of systemic
hypertension has been associated with the obstructive sleep
apnea syndrome (OSAS) (1, 3), there is no reported associa-
tion between sleep-disordered breathing and hypotension. This
is surprising because acute and chronic changes in intratho-
racic pressure during apneas might result in hypotension, par-
ticularly in the absence of other pressors. For instance, normal
subjects demonstrate a decrease in mean arterial pressure of
more than 10 mm Hg during inspiratory strain (20-s Mueller
maneuver at 

 

�

 

40 mm Hg) (14). Atrial stretch during repeated
Mueller maneuvers causes release of atrial natriuretic peptide
(ANP) (15). ANP increases sodium and water excretion, lead-
ing to reductions in blood volume and a reduction of BP. Nor-
motensive subjects with OSAS have an increased secretion of
ANP during sleep that is associated with lower daytime plasma
volume (16). OSAS patients also have impaired baroreflex
sensitivity (17). We hypothesized that some subjects with
sleep-disordered breathing, rather than developing hyperten-
sion, may have low BP and complain of orthostatic intolerance
(OI) from the effects of repetitive inspiratory strain without
repetitive hypoxemia on arterial BP. To investigate this, we
analyzed the cumulative data of subjects who attended the
Stanford Sleep Disorders Clinic between 1994 and 1999. This
report describes for the first time the prevalence of low BP
and OI in patients referred to a sleep clinic. In addition, we
detail the results of tilt-table testing in subjects with coexisting
OI and sleep-disordered breathing.

Subjects who attend the Stanford Center for Sleep Disor-
ders are routinely interviewed and complete a sleep question-
naire (the Stanford Sleep Disorders Questionnaire, containing
189 questions, each rated on a 5-point scale) and sleepiness/
fatigue scales (18, 19). Each subject undergoes routine clinical
evaluation by a physician (specialist in sleep medicine) that in-
cludes a craniofacial evaluation to determine whether a vali-
dated index, based on measurements taken in the oral cavity,
yields an abnormal score (20). After subjects have been seated
for at least 15 min, a physician, using a conventional mercury
sphygmomanometer, measures the brachial arterial BP. The
trough of three readings of systolic and diastolic (phase V) BP
obtained at 5-min intervals is recorded. The Sleep Heart
Health Study (4) has indicated that subjects with high BP have
a systolic BP above 140 mm Hg and a diastolic BP above 90
mm Hg. We classify subjects with a systolic BP above 105 mm Hg
and a diastolic BP above 65 mm Hg as having normal arterial
BP and subjects with a resting systolic BP below 105 mm Hg
and diastolic BP below 65 mm Hg as having low BP. Subjects
taking antihypertensive medication are classified as having
high BP. Body habitus is routinely assessed through measure-
ments of height (meters), weight (kilograms), neck circumfer-
ence (cm), and body mass index (BMI).

Diagnostic polysomnography (PSG) during nocturnal sleep
(commencing between 9:00 

 

P

 

.

 

M

 

. and 11:00 

 

P

 

.

 

M

 

. and ending be-
tween 6:30 

 

A

 

.

 

M

 

. and 7:00 

 

A

 

.

 

M

 

. the following morning) is used to
diagnose sleep disorders. Polygraphic recording continuously
records the electroencephalogram (EEG; C3/A2, C4/A1, O2/
A1, Fz/A1-A2), electrooculogram (EOG), chin and leg elec-
tromyogram (EMG), electrocardiograph (ECG) (modified V2
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lead), body position (with position sensors taped to the tho-
racic wall), and readings from thoracic and abdominal bands
(Protec Inc.), a nasal cannula/pressure transducer system (Pro-
tec Inc.), a mouth thermistor, pulse oximetry, and an esoph-
ageal manometer (a 1.6-mm-diameter fluid-filled catheter at-
tached to a pressure transducer that was calibrated with the
patient in the supine position). All variables are calibrated be-
fore sleep onset and then monitored via computerized sleep
systems (Sensormedics and Sandman). Esophageal pressure
(P

 

es

 

) is calibrated with the patient in the supine position, with
the pressure transducer placed at the level of the heart. Using
a computer program (developed as part of a collaborative ef-
fort between the Stanford University Sleep Disorders Center
and the Departments of Biological Engineering and Computer
Science of Stanford University), the P

 

es

 

 is measured and reze-
roed for each breath, taking into account sleep onset and sleep
offset calibrations. With these systems, subjects can be classi-
fied on the basis of the definitions and diagnostic criteria out-
lined in the 

 

International Classification of Sleep Disorders

 

 

 

(Re-
vised)

 

 (21) into the diagnostic groups of restless leg syndrome,
parasomnias (without sleep-disordered breathing), OSAS,
UARS, and psychologic insomnia. The diagnosis of UARS,
mentioned in the 

 

International Classification of Sleep Disor-
ders

 

 

 

(Revised)

 

 is based on the following criteria: complaints of
tiredness, fatigue, or sleepiness; presence of abnormal scores
on sleepiness and/or fatigue scales (18, 19); apnea-hypopnea
index (AHI) 

 

�

 

 5 events/h; presence of respiratory event-
related arousal (RERAs) at 

 

�

 

 5 events/h (22); lowest oxygen
saturation 

 

� 

 

89%; recording of P

 

es

 

 crescendos terminated
with arousal; and a P

 

es

 

 reversal (with a frequency of at least 5
events/h and the possibility that RERAs and P

 

es

 

 crescendos
overlap). Apnea, hypopnea, and RERA are tabulated and
classified according to the recommendation of the American
Academy of Sleep Medicine (AASM) (22).

 

METHODS

 

Subjects

 

Using a patient data base and chart review, we identified referred pa-
tients with low BP (Table 1). Five groups of subjects were recruited:
15 UARS patients with low BP, orthostatic intolerance, and a history
of fainting during the previous 12 mo; five subjects with low BP and
insomnia; 15 normotensive patients with OSAS; five normotensive
subjects with UARS; and 15 healthy controls. Subjects were selected
to be matched for age (

 

� 

 

4.5 yr), sex, and BMI (

 

� 

 

1.5 kg/m

 

2

 

) with the
UARS patients. Subjects with diagnosed UARS had a 1-mo therapeu-

tic trial of nasal continuous positive airway pressure (CPAP) followed
by a repeat clinical evaluation and polysomnogram to document im-
provements in complaints, changes in sleepiness scores, and reduc-
tions in P

 

es

 

 crescendos and RERAs.
Subjects with a history of hypertension, adrenal insufficiency, Parkin-

son’s disease, diabetes, epilepsy, alcoholism, and liver disease were ex-
cluded. The control group consisted of healthy, nonsmoking, normoten-
sive individuals with no sleep complaints and limited caffeine and alcohol
intake. These subjects underwent clinical evaluation and sleep recording
with a portable system (Edentrace TM; Nellcor Puritan Benett, Eden-
prairie WI) to confirm the absence of sleep apnea and snoring. Absence
of UARS in control subjects was confirmed during the protocol PSG.

 

Ambulatory BP Monitoring

 

The 15 UARS patients with low BP and the 15 healthy controls also
underwent 36-h ambulatory BP monitoring (ABPM 630; Colin, San
Antonio, TX). The equipment provided oscillometric and ausculta-
tory measurements, and recorded and stored BP and heart rate mea-
surements every 30 min for a minimum of 36 h. Event markers and
logs were used to determine sleep periods. Subjects performed regu-
lar daytime activities. BP monitoring was always begun at 8:30 

 

A

 

.

 

M

 

.
The data for the 24-h analysis were collected between 7:00 

 

P

 

.

 

M

 

. on Day 1
and 7:00 

 

P

 

.

 

M

 

. on Day 2. Subjects were asked to avoid heavy exertion
during cuff inflation.

 

Research PSG and Tilt-Table Testing

 

All subjects underwent PSG a second time (nasal cannula pressure
transducer system, mouth thermistor, thoracic and abdominal bands,
P

 

es

 

, oximetry, monitored breathing) followed by tilt-table testing. Im-
mediately after awakening, subjects were slid passively onto a tilt table
to remain supine (at 24

 

�

 

 C) for 30 min while baseline values for heart
rate (HR) and BP were obtained (continuous ECG and BP monitoring
were done with a Finapress recorder (Ohmeda, Boulder, CO) with one
of the patient’s arms fixed at heart level). The tilt-table test was per-
formed at 8:00 

 

A

 

.

 

M

 

. The subjects were loosely strapped to the table
with their feet left unsupported. The table was brought from a supine
to an upright position (90 degrees) within a period of 4 s. The R–R in-
terval on the ECG and BP were continuously recorded for 60 s after
the table was fully upright (14). In normal subjects there is a character-
istic biphasic HR response to head-up tilt. There is an immediate
shortening of the R–R interval that is most pronounced around the
15th beat after standing, followed by a lengthening of the interval (rel-
ative bradycardia) that is greatest around the 30th beat after standing.
The R–R intervals at beats 15 and 30 are measured on the ECG. The
ratio of 30:15 has been demonstrated as characteristic of a normal re-
sponse; subjects with an abnormal absence of rebound bradycardia will
have a ratio of 1 or less, whereas the normal ratio will be 1.04 or more.

 

Statistical Analysis

 

A chi-squared analysis was performed to estimate statistically signifi-
cant differences in the percentages of subjects with low BP in the vari-
ous diagnostic groups. A two-way analysis of variance (ANOVA) with
one independent factor (the subject group) and one repeated measure
(the BP measurement) was performed in order to compare the 24-h
BP recordings of subjects with UARS and OI and those of control
subjects. A contrast analysis was performed to study the interaction
effect. The significance of between-group differences in changes in BP
and HR during tilt-table testing was estimated by ANOVA.

 

RESULTS

 

Patient Population, Symptoms, and Signs

 

We investigated for the presence of low BP in 4,409 adult sub-
jects who underwent PSG at the Stanford Sleep Disorders
Center between 1994 and 1999. Four hundred subjects (9%)
were diagnosed as having UARS. An higher percentage of
subjects with low BP was observed in the UARS group (93 of
400 [23%]) than in the other disease groups: OSAS (2 of 3,369
[0.06%]), parasomnia (1 of 127 [0.7%]), restless leg syndrome
(1 of 110 [0.9%]), and psychologic insomnia (4 of 401 [0.9%])
(ANOVA, p 

 

�

 

 0.001) (Table 1).

 

TABLE 1. RESTING BRACHIAL ARTERIAL BLOOD PRESSURE
RECORDINGS IN PATIENT REFERRALS FOR POLYSOMNOGRAPHY,
CLASSIFIED ACCORDING TO DIAGNOSIS

 

Diagnosis*

Normal or
High Blood
Pressure

 

†

 

Low Blood
Pressure

 

‡

 

Upper airway resistance syndrome 307 (77) 93 (23)

 

§

 

Obstructive sleep apnea syndrome 3,367 (99.04) 2 (0.06)
Parasomnia 126 (99.3) 1 (0.7)
Periodic limb movement disorder 109 (99.1) 1 (0.9)
Psychologic insomnia 399 (99.1) 4 (0.9)
Total 4,308 (97.7) 101 (2.3)

Results are expressed as number (%).
* Based on polysomnography and clinical evaluation.

 

† 

 

Resting systolic blood pressure less than 105 mm Hg and resting diastolic blood
pressure less than 65 mm Hg.

 

‡ 

 

Resting systolic blood pressure greater than 105 mm Hg and resting diastolic blood
pressure greater than 65 mm Hg. Patients taking antihypertensive medication were
classified as hypertensive.

 

§ 

 

p 

 

�

 

 0.001, chi-square test.
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When compared with other UARS patients with normal
BP, UARS patients with low BP were more likely to report
fainting episodes and cold peripheries (ANOVA, p 

 

�

 

 0.01).
Ninety-three subjects reported OI. All had UARS by PSG.
There were 52 women in this group (56%). Twenty-nine sub-
jects (32%) were Asians of Far Eastern background (a higher
percentage than in any other sleep-disordered breathing groups).
The mean age of the subjects was 38 

 

�

 

 14 yr and their mean
BMI was 23.2 

 

�

 

 1.8 [mean 

 

�

 

 SD] kg/m

 

2

 

. All reported having
had episodes of fainting during adulthood. All had the habit of
sitting in bed or on the side of the bed before standing up each
morning. Most complained of daytime fatigue and nocturnal
sleep disruption (Table 2). The majority (

 

�

 

 90%) reported
impairment of daytime functioning caused by fatigue. The
maximum Epworth sleepiness scale score was 14 (62.2% of
the population had a score 

 

�

 

 11). Snoring was reported in
60.2%. Interestingly, there was no detectable difference be-
tween UARS patients with and without OI in terms of the se-
verity of sleep fragmentation or daytime fatigue (Table 2).

Subjects with UARS were also examined by an otolaryn-
gologist. A craniofacial evaluation performed by a specialist
indicated the presence of at least one of the following: cross-
bite, long face, high-arched hard palate with narrow maxilla,
and small mandible with either decreased anteroposterior length
or decreased intermolar distance (20, 23). The anatomic find-
ings always resulted in a small oral cavity impacting on the
resting position of a normal-size tongue.

The index calculated on the basis of oral cavity measure-
ments was abnormal in all subjects (20). Only three subjects
had wisdom teeth (23). Cephalometric radiographs demon-
strated an abnormally small airway space behind the base of
the tongue (in 87 of 89 subjects).

 

Ambulatory BP Monitoring 

 

Fifteen subjects with UARS and OI and 15 control subjects
underwent ambulatory BP monitoring. The average ambula-
tory BP recording time (n 

 

�

 

 30) was 41 h. The analysis was
performed after at least 10 h of habituation to cuff inflation
and during the same 24-h period in all individuals. Subjects
with UARS and a history of OI had a significantly lower day-
time mean systolic arterial BP and diastolic arterial BP (119 

 

�

 

28 mm Hg and 75 

 

�

 

 18 mm Hg, respectively) than did control

subjects (131 

 

�

 

 35 mm Hg and 86 

 

�

 

 19 mm Hg, respectively)
(Table 3). In both groups, BP recordings were lowest during
sleep, with a nadir between 2:00 

 

A

 

.

 

M

 

. and 4:00 

 

A

 

.

 

M

 

., in accord
with normal circadian variation in BP. In three subjects with
UARS, but in none of the control subjects, there was evidence
of a significant decrease in systolic (

 

�

 

 20 mm Hg) and dia-
stolic (

 

�

 

 15 mm Hg) BP recordings immediately after the sub-
jects arose in the morning.

 

Tilt-Table Testing

 

Polysomnography was done during the night before the tilt-ta-
ble test in all subjects. The recording included P

 

es

 

 monitoring.
The most negative peak end inspiratory P

 

es

 

 measured during
sleep was always noted in non-rapid-eye-movement (NREM)
sleep, and is presented in Table 4. There was no significant dif-
ference between OSAS and UARS patients with and without
hypotension. UARS and OSAS patients were significantly dif-
ferent (p 

 

�

 

 0.0001 by ANOVA) from all other groups in terms
of negative P

 

es

 

.
During tilt-table testing, subjects with low BP and UARS who

had a history of orthostatic intolerance had a faster resting
HR (90 

 

�

 

 5 beats/min [bpm]) than did either control subjects
(72 

 

�

 

 4 bpm) or subjects with OSAS (74 

 

�

 

 5 bpm) (p 

 

�

 

 0.01).
During tilt-table testing, all subjects had normal HR re-
sponses. RR15 denotes the R–R interval in milliseconds mea-
sured in lead D1 on the 15th heart beat immediately after ter-
mination of the tilt-table test. RR30 denotes the R–R interval
in milliseconds measured in lead D1 on the 30th heart beat im-
mediately after termination of the tilt-table test. The 30:15 ra-
tio denotes RR30 divided by RR15. A 30:15 R–R ratio of 

 

�

 

1.0 is considered normal, but a 30:15 ratio of 

 

�

 

 1.0 is sugges-
tive of autonomic neuropathy. The values for 30:15 R–R ratios
(24) were 1.22 

 

�

 

 0.05, 1.23 

 

�

 

 0.04, 1.28 

 

�

 

 0.05, 1.15 

 

�

 

 0.03,
and 1.2 

 

�

 

 0.04 in the UARS, control, OSAS, normotensive
UARS, and hypotensive UARS groups, respectively (Table
4). Subjects with UARS had a significantly greater decrease in
BP (27 

 

�

 

 3 mm Hg) during tilt-table testing than did the other
groups (7.5 

 

�

 

 1.6 mm Hg in normal controls, 6.8 

 

�

 

 1.9 mm Hg
in OSAS patients, 7.4 

 

�

 

 1.4 mm Hg in patients with insomnia,
and 7.2 

 

�

 

 0.84 in normotensive UARS patients) (ANOVA, p 

 

�

 

0.001) (Figure 1).

 

DISCUSSION

 

In this study of patient referrals to a sleep center, we found
that 23% of subjects with UARS had a resting systolic BP of
less than 105 mm Hg and a resting diastolic BP of less than 65
mm Hg. Although we cannot speculate about the presence of
an association between UARS and OI in the general popula-
tion, our findings suggest an association between hypotension

 

TABLE 2. CLINICAL FEATURES OF SUBJECTS WITH UPPER
AIRWAY RESISTANCE SYNDROME BASED ON BLOOD
PRESSURE RECORDINGS

 

Clinical Feature Normal/High BP* Low BP

 

†

 

Male 178 (58%) 41 (44%)
Age, yr (SD) 37 (16) 38 (14)
AHI, event/h (SD) 1.8 (1.5) 1.6 (1.8)
BMI, kg/m

 

2

 

, mean (SD) 23.7(2.1) 23.2 (1.8)
Faint when standing up 0 (0%) 92 (99%)

 

‡

 

Orthostatic intolerance 0 (0%) 89 (96%)

 

‡

 

Cold peripheries 0 (0%) 93 (100%)

 

‡

 

Sleep disruption 305 (99%) 93 (100%)
Daytime Fatigue 307 (100%) 93 (100%)
Total 307 93

 

Definition of abbreviations

 

: AHI 

 

�

 

 apnea/hypopnea index; ANOVA 

 

�

 

 analysis of vari-
ance; BMI 

 

�

 

 body mass index; BP 

 

�

 

 blood pressure; UARS 

 

�

 

 upper airway resistance
syndrome.

All subjects with UARS and low BP had intermittent symptoms of hypotension, but
had complaints of daytime fatigue and sleepiness similar to those of UARS subjects
with normal BP.

Results are expressed either as number (%) or mean (SD).
* Resting systolic BP 

 

�

 

 105 mm Hg and resting diastolic BP 

 

�

 

 65 mm Hg.

 

† 

 

Resting systolic BP 

 

�

 

 105 mm Hg and resting diastolic BP 

 

�

 

 65 mm Hg.

 

‡ 

 

p 

 

�

 

 0.001, ANOVA.

 

TABLE 3. RESULTS OF 24-H AMBULATORY BLOOD PRESSURE
MONITORING IN SUBJECTS WITH UPPER AIRWAY RESISTANCE
SYNDROME AND ORTHOSTATIC INTOLERANCE (n

 

�

 

15) AND
IN CONTROL SUBJECTS (n

 

�

 

15)

 

Control UARS and OI

Age, yr 33.8 (3.6) 33.2 (3.6)
Male 7 7
Body mass index, kg/m

 

2

 

21 (1.9) 21.65 (1.8)
Mean systolic blood pressure, mm Hg 131 (35) 119 (28)*
Mean diastolic blood pressure, mm Hg 86 (19) 75 (18)*

 

Definition of abbreviations

 

: ANOVA 

 

�

 

 analysis of variance; OI 

 

�

 

 orthostatic intoler-
ance; UARS 

 

�

 

 upper airway resistance syndrome.
* p 

 

�

 

 0.05, ANOVA.
Results are expressed as mean (SD).
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and UARS in patients referred to a sleep center. We found
that all subjects with UARS and low BP complained of OI and
cold peripheries. In contrast, none of our patient referrals with
UARS and normal BP admitted to these symptoms on direct
questioning. We could not identify significant between-group
differences for UARS subjects with low BP and those with
normal or high BP in terms of AHI, BMI, age, sex, or daytime
fatigue. We cannot yet predict (except on the basis of low BP
and OI) which subjects with sleep-disordered breathing will
have low BP and which will have normal or high BP.

A significantly greater decrease in BP during tilt-table test-
ing was seen in subjects with UARS and a history of OI than
in subjects with OSAS, hypotensive insomnia, normotension
with UARS, and healthy controls. Although a full array of au-
tonomic nervous system tests was not performed, the normal
30:15 heart beat ratio is an important finding. A normal ratio
(greater than 1.0) indicates an intact physiologic HR response

to changes in position. There is a characteristic acute, short-
lived increase in HR, called the “initial heart rate complex,”
that normally peaks between 13 and 16 s after assumption of
the upright position and then falls rapidly. This reflex is a reli-
able and validated test of autonomic nervous system function
(24). A normal heartbeat ratio during tilt-table testing and the
absence of other clinical features of neuropathy (autonomic or
otherwise) make autonomic neuropathy an unlikely cause of
OI in these subjects (24).

Sleep fragmentation, sleep restriction, and sleep depriva-
tion generally lead to arterial hypertension and a resistance to
OI (25, 26). Our data demonstrate, for the first time, that some
subjects with UARS have low resting arterial BP, OI, and
orthostatic hypotension (OH). On the basis of the current find-
ings, we would predict an increased incidence of undiagnosed
UARS in subjects who complain of syncope, fainting, and OI.

Effective ventilation and BP homeostasis are intimately as-
sociated. Indeed, OSAS has been found to be a risk factor for
hypertension independent of obesity (1–5). Several mecha-
nisms appear to contribute to the development of hyperten-
sion in OSAS. First, recurrent hypoxemia and hypercarbia in-
crease chemoreceptor firing, leading to increased sympathetic
nerve activity and increases in arterial BP (27). In addition,
arousals during sleep directly activate the sympathetic ner-
vous system, leading to a pressor response (28). Also, recur-
rent hypoxemia is believed to cause altered endothelial func-
tion, leading to impairment of both arterial vasodilatation and
venodilation, and thus contributing to the development of hy-
pertension in OSAS (2, 29). Arterial oxygen saturation has a
profound effect on increases in BP (4). Patients with hyperten-
sion and sleep apnea have a greater pressor response to hy-
poxia than do hypertensive patients without apnea, suggesting
important alterations in chemoreceptor sensitivity (30). OSAS
patients also have depressed baroreflex sensitivity (17). How-
ever, not all patients with OSAS have high BP, suggesting a
heterogeneity of BP responses to apnea and sleep fragmenta-
tion. The patients with UARS in the current study were nor-
motensive with a normal (or even low) BMI.

Interestingly, all the patients with UARS and low BP in
this study who underwent tilt-table testing had a small oral
cavity. We currently have no data on the duration of upper
airway resistance and increased inspiratory effort during sleep
that are needed to cause chronically low BP and OI in these
patients. We speculate that many of these patients have had

 

TABLE 4. HEART-RATE RESPONSES DURING TILT-TABLE TESTING

 

Control/Normal BP
(

 

n 

 

�

 

 

 

15

 

)
UARS/Normal BP

(

 

n � 5)
Insomnia/low BP

(n � 5)
OSAS/Normal BP

(n � 15)
UARS/Low BP

(n � 15)

Age, yr 33.79 (3.62) 35.6 (4.5) 38.4 (4.16) 34.1 (3.7) 33.2 (3.61)
Male 7 2 2 7 7
BMI, kg/m2 21 (2) 21 (2.5) 20 (1.6) 22 (1.5) 22 (1.8)
AHI, event/h 0 1.8 (1.0) 0 27 ( 7.6)** 2.0 (0.8)
Pes, cm H2O �5 (1) �28 (3) �5 (0.4) �34 (7) �39 (4)
RR 15, ms 764 (31) 891 (59) 834 (72) 789 (33) 664 (46)*
RR 30, ms 937 (49) 1,019 (41) 992 (53) 948 (23) 811 (59)*
30:15, ratio 1.22 (0.04) 1.15 (0.03) 1.2 (0.04) 1.24 (0.12) 1.22 (0.05)

Definition of abbreviations: AHI � apnea/hypopnea index; ANOVA � analysis of variance; BMI � body mass index; BP � blood pressure;
OSAS � obstructive sleep apnea syndrome; Pes � esophageal pressure; RR 15 � electrocardiographic R–R interval in milliseconds measured
in lead D1 on the 15th heart beat immediately after termination of the tilt-table test; RR 30 � electrocardiographic R–R interval in millisec-
onds measured in lead D1 on the 30th heart beat immediately after termination of the tilt-table test; UARS � upper airway resistance syn-
drome.

Control subjects with normal resting BP, without sleep-disordered breathing; UARS subjects with normal BP without complaints of
orthostatic intolerance; insomnia patients without sleep-disordered breathing with low BP; OSAS patients with normal BP; and UARS pa-
tients with orthostatic intolerance (n � 15).

Results are expressed as mean (SE). 
* p � 0.05, ANOVA.
** p � 0.001, ANOVA.

Figure 1. BP responses to tilt-table testing in healthy control subjects
(n � 15), hypotensive patients with diagnosed insomnia (without
sleep-disordered breathing) (n � 5), normotensive patients with UARS
(without complaints of orthostatic intolerance) (n � 5), subjects with
UARS and orthostatic intolerance (n � 15), and normotensive subjects
with OSAS (n � 15). Some data points overlap. Tilt-table tests were
performed at 8:00 A.M. (30 min after awakening) in all subjects. The
mean value for each group is represented by a horizontal line. **p �
0.001 by ANOVA.
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increased airway resistance (due to a small airway) since child-
hood. Most of the adult facial structure is formed by 4 yr of
age, and craniofacial growth depends on complex genetic and
environmental factors (including nutrition, orthodontics, air-
way infections, and allergies) (31). Even chronic nasal ob-
struction during childhood can lead to mouth breathing and
abnormal craniofacial growth (31). A combination of these
factors, in addition to hormonally induced tongue enlarge-
ment during puberty, probably leads to reductions in airway
caliber (associated with UARS) during adolescence. The long-
term consequences of increased inspiratory efforts during de-
velopment are unknown. Although chronic stimulation may
lead to resetting of baroreceptors and chemoreceptors, the
precise mechanism that links UARS and OI is unclear. In nor-
mal subjects, a Mueller maneuver is associated with an acute
decrease in mean arterial BP. This decrease in BP is followed
by a rise in BP above baseline on release of the inspiratory
strain (14). The administration of supplemental oxygen atten-
uates any rebound increase in arterial pressure and sympa-
thetic nerve activity during the recovery from breath-holding
(14). Feedback from baroreceptors and pulmonary stretch re-
ceptors is also an important determinant of the respiratory
modulation of muscle sympathetic nerve activity (MSNA) (32,
33). In subjects of normal weight, resistive breathing causes a
decrease in arterial pressure, associated with a decline in mus-
cle sympathetic nerve discharge as lung volume increases (32).
Parasympathetic activity may become the dominant modulator
of autonomic nervous system control (33). In UARS, repeti-
tive increases in resistance to airflow within the upper airway
lead to an increase in respiratory effort and negative intratho-
racic pressure without hypoxemia. Indeed, children with UARS
can have dramatic swings in intrathoracic pressure that com-
promise the interventricular septum, leading to changes in ejec-
tion fraction but without evidence of hypoxemia (34). We be-
lieve that many factors contribute to the development of
chronic low BP in some subjects with UARS, including cranio-
facial growth, the caliber of the upper airway, the duration of
resistive breathing caused by a small upper airway, barorecep-
tor and chemoreceptor function, and autonomic nervous sys-
tem function during nonhypoxic resistive breathing (33). Each
of these factors will require study beyond the scope of this re-
port.

OI and low BP may arise from several pathophysiologic
mechanisms, including hypovolemia, decreased peripheral re-
sistance, and altered sympathetic and parasympathetic barore-
flexes. The coexistence of resting tachycardia and orthostatic
hypotension (demonstrable in this study during tilt-table test-
ing) is suggestive of clinically significant hypovolemia. This study
was not designed to measure blood or plasma volume; how-
ever, OI and OH were not present in other groups of subjects
with sleep-disordered breathing (normotensive subjects with
OSAS, hypotensive subjects with insomnia, and UARS pa-
tients with normal BP). This difference could not be attributed
to differences in age or BMI between the five diagnostic groups.
Patients with UARS and low BP had a normal HR response
during tilt-table testing (which argues against a diagnosis of
autonomic neuropathy). We therefore hypothesize that some
subjects with sleep-disordered breathing might have changes in
MSNA and baroreceptor regulation, in addition to increased
ANP secretion, leading to chronic hypotension, hypovolemia,
and OI. In this scenario, subjects with OSAS probably have a
dominant repetitive pressor response (hypoxemia) that leads
to daytime hypertension. In contrast, some subjects with UARS
lack a dominant repetitive pressor response (hypoxemia) and
are therefore normotensive or even hypotensive because of
the effect outlined earlier of UARS on BP control.

Potentially confounding effects of subclinical or undiag-
nosed sleep disorders (35) were avoided in this study by study-
ing only patients (or healthy controls) who underwent a noc-
turnal polysomnogram (including measurement of Pes). Subjects
with a diagnosis of narcolepsy were excluded from the study
because narcolepsy is associated with altered circadian auto-
nomic function, blunted cardiovascular reflex activity, and OI
both from autonomic nervous system dysfunction and the use
of monoamine oxidase inhibitors (36–38). On the basis of our
current knowledge of the effects of sleep deprivation on BP
homeostasis, we do not believe that our findings were due to a
selection bias in favour of low BP in our referral population,
although we cannot exclude this possibility.

In this study, 23% of subjects with a diagnosis of UARS
(based on PSG) had evidence of low BP and OI. Subjects with
UARS and low BP who underwent tilt-table testing had signif-
icantly greater decreases in BP than did subjects with OSAS,
hypotensive insomnia, normotension with UARS, and healthy
controls. Further study is required to improve our understand-
ing of the changes in intrathoracic pressures, oxygen satura-
tion, cardiac output, and arterial BP control during sleep-disor-
dered breathing. In the interim, a careful history, directed at
symptoms of low BP (OI, cold peripheries, and fainting) and
brachial arterial BP recording, would appear appropriate for
subjects with newly diagnosed UARS. Subjects with symp-
toms of fainting, cold peripheries, and low BP might benefit
from tilt-table testing to confirm OH. Subjects who have OH
should be given advice about lifestyle modifications to prevent
falls. A sleep study may reveal UARS in subjects with unex-
plained chronically low BP.

References
1. Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the asso-

ciation between sleep-disordered breathing and hypertension. N Engl
J Med 2000;342:1378–1384.

2. Duchna HW, Guilleminault C, Stoohs RA, Faul JL, Moreno H, Hoff-
man BB, Blaschke TF. Vascular reactivity in obstructive sleep apnea
syndrome. Am J Respir Crit Care Med 2000;161:187–191.

3. Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Redline S, D’Agos-
tino RB, Newman AB, Lebowitz MD, Pickering TG. Association of
sleep-disordered breathing, sleep apnea, and hypertension in a large
community-based study. Sleep Heart Health Study. JAMA 2000;12;
283:1829–1836.

4. Lavie P, Herer P, Hoffstein V. Obstructive sleep apnoea syndrome as a
risk factor for hypertension: population study. BMJ 2000;19;320:
479–482.

5. Fletcher EC, DeBehnke RD, Lovoi MS, Gorin AB. Undiagnosed sleep
apnea in patients with essential hypertension. Ann Intern Med 1985;
103:190–195.

6. Guilleminault C, Chowdhuri S. Upper airway resistance syndrome is a
distinct syndrome. Am J Respir Crit Care Med 2000;161:1412–1413.

7. Epstein MD, Chicoine SA, Hanumara RC. Detection of upper airway
resistance syndrome using a nasal cannula/pressure transducer. Chest
2000;117:1073–1077.

8. Watanabe T, Mikami A, Taniguchi M, Motonishi M, Honda H, Kyotani
K, Uruha S, Terashima K, Teshima Y, Egawa I, et al. Clinical charac-
teristics of upper airway resistance syndrome. Psychiatry Clin Neuro-
sci 1999;53:331–333.

9. Exar EN, Collop NA. The upper airway resistance syndrome. Chest
1999;115:1127–1139.

10. Shaw FE, Kenny RA. The overlap between syncope and falls in the el-
derly. Postgrad Med J 1997;73:635–639.

11. James MA, Potter JF. Orthostatic blood pressure changes and arterial
baroreflex sensitivity in elderly subjects. Age Ageing 1999;28:522–530.

12. Wu JS, Lu FH, Yang YC, Chang CJ. Postural low blood pressure and
postural dizziness in subjects with non-insulin-dependent diabetes.
Arch Intern Med 1999;159:1350–1356.

13. Wittbrodt ET, Kovalick LJ. The use of oral vasopressors in the manage-



Guilleminault, Faul, and Stoohs: Sleep-disordered Breathing and Hypotension 1247

ment of autonomic dysfunction and orthostatic low blood pressure.
Ann Pharmacother 1999;33:565–571.

14. Morgan BJ, Denahan T, Ebert TJ. Neurocirculatory consequences of
negative intrathoracic pressure vs. asphyxia during voluntary apnea. J
Appl Physiol 1993;74:2969–2975.

15. Krieger J, Follenius M, Sforza E, Brandenberger G, Peter JD. Effects of
treatment with nasal continuous positive airway pressure on atrial
natriuretic peptide and arginine vasopressin release during sleep in
patients with obstructive sleep apnoea. Clin Sci 1991;80:443–449.

16. Maillard D, Fineyre F, Dreyfuss D, Djedaini K, Blanchet F, Paycha F,
Dussaule JC, Nitenberg A. Pressure-heart rate responses to alpha-
adrenergic stimulation and hormonal regulation in normotensive pa-
tients with obstructive sleep apnea. Am J Hypertens 1997;10:24–31.

17. Carlson JT, Hedner JA, Sellgren J, Elam M, Wallim G. Depressed
baroreflex sensitivity in patients with obstructive sleep apnea. Am J
Respir Crit Care Med 1996;154:1490–1496.

18. Johns MW. A new method for measuring daytime sleepiness: the Ep-
worth Sleepiness Scale. Sleep 1991;14:540–545.

19. Chadler T, Berelowitz C, Pawlikowska T, Watts L, Wessely S, Wright D,
Wallace EP. Development of a fatigue scale. J Psychosomat Res
1993;37:147–153.

20. Kushida CA, Efron B, Guilleminault C. A predictive morphometric
model for the obstructive sleep apnea syndrome. Ann Intern Med
1997;127:581–587.

21. The International Classification of Sleep Disorders (Revised). Rochester,
MN: American Sleep Disorders Association; 1997. p. 1–396.

22. American Academy of Sleep Medicine Task Force. Sleep related
breathing disorders in adults: recommendations for syndrome defini-
tion and measurement techniques in clinical research. Sleep 1999;22:
667–684.

23. Guilleminault C, Black JE, Palombini L, Ohayon M. A clinical investiga-
tion of obstructive sleep apnea syndrome and upper airway resistance
syndrome patients. Sleep Med 2000;1:51–56.

24. Ewing DJ, Neilson JM, Shapiro CM, Stewart JA, Reid W. Twenty four
hour heart rate variability: effect of posture, sleep and time of day in
healthy controls and comparison with bedside tests of autonomic
function in diabetes subjects Br Heart J 1991;65:239–244.

25. Lusardi P, Mugellini A, Preti P, Zoppi A, Derosa G, Fogari R. Effects of

a restricted sleep regimen on ambulatory blood pressure monitoring
in normotensive subjects. Am J Hypertens 1996;9:503–505.

26. Muenter NK, Watenpaugh DE, Wasmund WL, Wasmund SL, Maxwell
SA, Smith ML. Effect of sleep restriction on orthostatic cardiovascu-
lar control in humans. J Appl Physiol 2000;88:966–972.

27. Morgan BJ, Crabtree DC, Palta M, Skatrud JB. Combined hypoxia and
hypercapnia evokes long-lasting sympathetic activation in humans. J
Appl Physiol 1995;79:205–213.

28. Somers VK, Dyken ME, Clary MP, Abboud FM. Sympathetic neural mech-
anisms in obstructive sleep apnea. J Clin Invest 1995;96:1897–1904.

29. Carlson JT, Rangemark C, Hedner JA. Attenuated endothelium-depen-
dent vascular relaxation in patients with sleep apnoea. J Hypertens
1996;14:577–584.

30. Hedner JA, Wilcox I, Laks L, Grunstein RR, Sullivan CE. A specific
and potent pressor effect of hypoxia in patients with sleep apnea. Am
Rev Respir Dis 1992;146:1240–1245.

31. Gaultier C, Guilleminault C. Genetics, control of breathing and sleep-
disordered breathing: a review. Sleep Med 2001;2:297–308.

32. St Croix CM, Satoh M, Morgan BJ, Skatrud JB, Dempsey JA. Role of
respiratory motor output in within-breath modulation of muscle sym-
pathetic nerve activity in humans. Circ Res 1999;85:457–469.

33. Seals DR, Suwarno NO, Joyner MJ, Iber C, Copeland JG, Dempsey JA.
Respiratory modulation of nerve muscle activity in intact and lung
denervated human. Circ Res 1993;72:440–454.

34. Shiomi T, Guilleminault C, Stoohs R, Schnittger I. Obstructed breathing
during sleep and echocardiography in children. Acta Paediatr 1993;82:
863–871.

35. Scharf SM, Garshick E, Brown R, Tishler PV, Tosteson T, McCarley R.
Screening for subclinical sleep-disordered breathing. Sleep 1990;13:
344–353.

36. Reggiani P, Magrini F, Mondadori C, Branzi G, Zanchetti A. Marked
blood pressure fluctuations during narcoleptic attacks alternating with
abnormal wakefulness: effects of treatment with clonidine. Eur Heart
J 1989;10:2–7.

37. Sachs C, Kaijser L. Autonomic control of cardiovascular reflexes in nar-
colepsy. J Neurol Neurosurg Psychiatry 1980;43:535–539.

38. Hublin C, Matikainen E, Partinen M. Autonomic nervous system func-
tion in narcolepsy. J Sleep Res 1994;3:131–137.


