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Hypertension and Sleep
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Summary: Ambulatory blood pressure (BP) was measured noninvasively (Oxford Medilog ABP) at 15-minute
intervals for 24 hours before and after 8 weeks of treatment with nasal continuous positive airway pressure (nCPAP)
in 19 men with obstructive sleep apnea (OSA). We included both normotensive and hypertensive patients, but
hypertensives were studied after withdrawal of antihypertensive drugs. Ambulatory BP before and after treatment
was compared using patients as their own controls. Treatment with nCPAP was successfully established in 14 of
the 19 patients (74%). Blood pressure fell significantly in patients who were successfully treated: 24-hour mean BP
(systolic/diastolic) decreased from 141 + 18/89 + 11 mm Hg to 134 = 19/85 + 13 mm Hg (p < 0.05). The
reduction in 24-hour mean systolic BP occurred during both day and night, but a significant fall in mean diastolic
BP was only observed during the day. The mean blood pressure fell in both normotensive and hypertensive patients.
Patients who were inadequately treated with nCPAP had no reduction in mean 24-hour BP. Effective treatment of
sleep apnea with nCPAP was associated with a significant fall in both systolic and diastolic BP independent of
changes in body weight or alcohol consumption, suggesting that sleep apnea was an independent factor contributing

to elevated nighttime and daytime BP in these patients. Key Words: Sleep apnea—Hypertension—Obesity.

An association between obstructive sleep apnea
(OSA) and systemic hypertension has been identified
in a number of cross-sectional studies (1-5). However,
potential confounding factors such as upper body or
“central” obesity and excessive alcohol intake are com-
mon in patients with OSA and it is not known whether
sleep apnea causes (or contributes to) elevated blood
pressure levels observed in these patients (6,7). Pre-
vious reports of reduction of daytime blood pressure
in hypertensive subjects with OSA following tracheos-
tomy (8,9) have suggested that OSA may cause or ag-
gravate hypertension, but these studies used office blood
pressure measurements, which are less reproducible
than ambulatory blood pressure recordings (10). Also,
these studies were not controlled for the effects of body
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mass changes, alcohol consumption and antihyperten-
sive drugs.

We studied men with OSA before and after short-
term treatment with nasal continuous airway pressure
(nCPAP) to determine whether treatment of OSA re-
duced 24-hour blood pressure levels in the absence of
changes in weight, alcohol consumption and concur-
rent antihypertensive medications. We also sought to
assess whether nCPAP reduced both night and daytime
blood pressure.

PATIENTS AND METHODS
Patient selection

Patients were included in the study if they had sig-
nificant symptomatic obstructive sleep apnea con-
firmed by a full polysomnographic study. We included
patients with an apnea/hypopnea index of >10/hour
of sleep. Patients with a high alcohol intake (>80 g/day),
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morbid obesity (body mass index >150% ideal) or
those with significant lung disease were excluded. Pa-
tients were required to have a resting supine blood
pressure of <200/120 mm Hg at entry to the study
including the period off anti-hypertensive drug thera-
py. A total of 19 men (mean age 54 + 9 years) were
included. Most patients had at least moderate sleep
apnea confirmed on a full polysomnographic study and
all had significant symptoms, including repetitive snor-
ing, witnessed apneas during sleep, excessive daytime
somnolence and fatigue. Approximately half the pa-
tients (10 of 19, 53%) had either a prior history of
systemic hypertension (including “borderline” hyper-
tension) or newly diagnosed hypertension (supine blood
pressure >165/95).

Study protocol

The study protocol was approved by the Ethics Re-
view Committee of the University of Sydney. In-
formed consent was obtained from all patients prior
to entry to the study.

A detailed history and physical examination was
performed at baseline, including a careful alcohol his-
tory and anthropomorphic measurements (height,
weight, neck, waist and hip measurements). All pa-
tients had comprehensive lung function tests, which
included lung volumes and awake arterial blood gas
analysis. A 24-hour ambulatory blood pressure re-
cording was performed after a 3-week washout of an-
tihypertensive medications during the patients’ usual
activities. After completion of these initial investiga-
tions, a full diagnostic sleep study was performed. At
a second subsequent study, a nasal mask was fitted and
continuous positive airway pressure applied at a suf-
ficient pressure to prevent episodes of oxygen desatura-
tion during sleep (11).

Patients were followed up at weekly intervals by one
of the investigators. At each visit, nCPAP usage for
the preceding week was charted and patients were re-
viewed by an experienced nCPAP technologist. In be-
tween visits, patients were encouraged to contact the
sleep laboratory at any time if problems with nCPAP
occurred. Patients were reinvestigated with home
monitoring (MESAM 4, Madaus Medizin, Freiburg,
Germany) if: 1) there was no reduction in daytime
symptoms of fatigue or sleepiness, 2) the patient’s bed
partner reported persistent snoring or 3) if patients
were using nCPAP for <5 nights per week. If the MES-
AM study demonstrated persistent oxygen desatura-
tions while on nCPAP, full polysomnography was per-
formed to reassess the nCPAP pressure. After
completion of the 8-week treatment period, the am-
bulatory blood pressure recording was repeated and
weight was remeasured. The final decision as to the
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success of nCPAP treatment was made by an observer
blinded to the ambulatory blood pressure data (RRG)
using the nCPAP compliance charts and patient rec-
ords. Patients were classed as nCPAP failures if they
were unable to use the treatment because of intercur-
rent problems or had little or no subjective improve-
ment in daytime symptoms.

Ambulatory blood pressure recordings

Blood pressure recordings were performed using a
noninvasive device (Oxford Medilog ABP, Oxford
Medical Systems, Abingdon, UK), which uses a com-
bination of the auscultatory and oscillometric methods
and meets the BHS and AAMI standards for ambu-
latory BP equipment (12). Blood pressure was mea-
sured at 15-minute intervals for 24 hours before and
after 8 weeks of treatment of sieep apnea with nCPAP.
The recordings were made during the patients’ usual
activities out of the hospital using an appropriately
sized cuff and the same arm and cuff size was used for
both blood pressure recordings. A detailed log was kept
of the patients’ activities during the recording. Two
recording periods were defined, with daytime defined
as 0700-2200 hours and nighttime as 2200-0700 hours.

Polysomnography

Overnight polysomnographic studies were per-
formed between 2200 and 0600 in all patients. The
initial (diagnostic) study included electroencephalog-
raphy (EEG), extraocular muscle, submental, dia-
phragm electromyography (EMG) and air flow mea-
surements. Respiratory movement was measured using
chest and abdominal strain gauge transducers (Res-
pitrace, Ambulatory monitoring, Ardsley, New York).
Arterial oxygen saturation (Sa0O,) was measured using
a pulse oximeter with an ear probe and set to its fastest
response (Biox 3700E, Ohmeda). All data were re-
corded on a polygraph recorder (Model 78D, Grass
Instruments, Quincy, Massachusetts). Sleep staging was
performed according to standard criteria (13). An ap-
nea was defined as =10 seconds of absent airflow in
the presence of chest or abdominal wall motion and a
hypopnea defined as >50% reduction in amplitude of
the respitrace signal for > 10 seconds. The respiratory
disturbance index (RDI) was defined as the number of
apneas or hypopneas/hour of sleep. Obstructive sleep
apnea was considered present if an average of =10
respiratory events per hour of sleep were detected. The
nCPAP device (Sullivan®, Rescare Ltd., Sydney, Aus-
tralia) was adjusted for each patient individually dur-
ing a subsequent sleep study.
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EFFECT OF NCPAP ON BLOOD PRESSURE IN APNEA

TABLE 1. Ambulatory blood pressure (BP) (24-hour mean)
before and after nasal continuous positive airway pressure

(nCPAP)
Pre-nCPAP Post-nCPAP p

Successful nCPAP (n = 14)

Systolic BP 141 + 18« 134 + 19 <0.02

Diastolic BP 89 + 11 85 = 13 <0.05
nCPAP-failures (n = 5)

Systolic BP 129 + 22 131 £ 19 nse

Diastolic.BP 84 + 13 87 £ 15 ns

¢ All values shown are mean + SD, ns = nonsignificant.

Statistical analysis

All values are expressed as mean + standard devi-
ation unless otherwise stated. For hourly blood pres-
sure values, the average of all recorded values in a given
hour was used. Blood pressure before and after nCPAP
was compared using the individual patient’s mean val-
ues of all measurements taken during the relevant pe-
riod. These mean values were compared using a paired
t test. A two-tailed p value of <0.05 was considered
significant. The relation between pretreatment mean
ambulatory blood pressure level and the fall in blood
pressure. after nCPAP was examined using correlation
coefficients and Spearman’s rho. All statistical analysis
was performed using a commercial statistical software
program (SPIDA, Macquarie University Statistical
Laboratory, Sydney, NSW, Australia).

RESULTS
Patients

The 19 men included were obese with a mean body
mass index (BMI) of 31.5 + 2.7 kg/m? (range 23.5-
37.4) and had a predominantly central pattern of obe-
sity with a mean waist/hip ratio of 1.01 + 0.06. The
patients’ weight remained stable during the study. Mean
BMI before treatment was 31.6 + 4.8 kg/m? compared
with 31.3. £ 4.5 kg/m? posttreatment, (p = ns). Only
four of .19 patients (21%) were on antihypertensive
medications prior to inclusion in the study. These in-
cluded enalopril (one patient), nifedipine (one patient),
atenolol (two patients), prazocin (one patient) and in-
dapamide (one patient).

Sleep study

All patients had significant sleep apnea, with a mean
of 56 £ 29 apneas per hour of sleep (range 13-118).
The minimum Sa0, during sleep was 71 + 14% (range
45-89). During the nCPAP pressure determination
study, a mean of 13 cm H,O (range 7-20) pressure was
required to maintain SaQ, >90%. At completion of
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FIG. 1. Hourly blood pressure values (mean + SEM) during am-

bulatory BP recordings before (closed circles) and after successful
treatment of OSA with nCPAP (open circles).

the study, nCPAP treatment was successfully achieved
in 14 of 19 patients (76%). These patients reported
using nCPAP for 6.4 + 1.2 hours/night (range 4.8-8.4
hours). The reason for failure to establish nCPAP treat-
ment in five patients was due to either recurrent nasal
congestion or inability to tolerate the nCPAP mask,
both common problems with nCPAP treatment.

Ambulatory blood pressure

The pretreatment 24-hour mean systolic blood pres-
sure ranged from 100-185 mm Hg and 24-hour dia-
stolic blood pressure from 68~115 mm Hg. Based on
the 24-hour blood pressure recording, eight patients
could be considered normotensive prior to commenc-
ing nCPAP treatment (daytime systolic BP <146 mm
Hg and daytime diastolic BP <91 mm Hg) (14) and
the remaining 11 patients were hypertensive. Average
blood pressure readings during the night (2200-0700)
were lower than daytime pressures, with the mean dif-
ference in systolic BP 19 £ 10 mm Hg (range —1-39)
and diastolic BP 16 = 7 mm Hg (range 3-30). The
night : day pressure ratio was normal (systolic BP 0.87
+ 0.07, diastolic BP 0.82 + 0.08 (14)).

The mean 24-hour ambulatory blood pressure be-
fore and after treatment is shown in Table 1. The change
in 24-hour mean blood pressure averaged —7.5 mm
Hg systolic [95% confidence interval (CI), —2.0to — 13
mm Hg, p < 0.02], and —4.1 mm Hg diastolic (95%
ClL, —0.4 to —7.9 mm Hg, p < 0.05). Systolic blood
pressure was significantly reduced during both day
(mean —7.5 mm Hg, 95% CI, —1.0 to —13.8 mm Hg,
p < 0.05) and night (mean —7.5 mm Hg, 95% CI,
—0.7 to —14.3 mm Hg, p < 0.05). However, a sig-
nificant fall in diastolic blood pressure was present
during the day (mean —5.4 mm Hg, 95% CI, —1.0 to
—9.7 mm Hg, p < 0.02) but not at night (mean —2.2
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TABLE 2. Effect of nasal continuous positive airway pres-
sure (nCPAP) on daytime and nighttime blood pressure in
successfully treated patients with obstructive sleep apnea

Pre-nCPAP  Post-nCPAP p
Day (0700-2200 hours)

Systolic BP 148 £ 19« - 140 = 21 <0.05

Diastolic BP 95 + 12 90 = 13 <0.02

Heart rate (min~!) 78 + 13 77 £ 11 ns®
Night (2200-0700 hours)

Systolic BP 128 + 18 121 = 18 <0.05

Diastolic BP 78 + 12 76 = 12 ns

Heart rate (min—') 67 = 13 65 + 11 ns

2 All values are mean = SD, ns = nonsignificant.

mm Hg, 95% CI, +2.0 to —6.4 mm Hg, p = ns) (Table
2). In contrast, the five patients who did not receive
successful nCPAP had no fall in 24-hour ambulatory
blood pressure.

The 24-hour blood pressure and heart rate profile of
the successfully treated patients (Fig. 1) showed a nor-
mal diurnal pattern, with lower blood pressure and
heart rate values recorded at night. Successful treat-
ment of OSA with nCPAP was associated with a fall
in both mean night and daytime blood pressure, but
no reduction in heart rate. The reduction in blood
pressure was of greater magnitude during the day than
at night. These changes in blood pressure occurred
independently of changes in body mass, which did not
change during the study.

Although most patients successfully treated with
nCPAP had a fall in blood pressure (10/14 patients,
71%), no change in blood pressure occurred in a mi-
nority (4/14 patients, 29%). The reduction in blood
pressure occurred in both normotensive and hyperten-
sive patients. There was no correlation between pre-
treatment ambulatory blood pressure level and the re-
duction in ambulatory blood pressure after nCPAP for
both systolic and diastolic blood pressure (systolic BP,
r = 0.01, p = ns or diastolic BP, » = 0.0, p = ns).

DISCUSSION

In the present study, we have shown that successful
treatment of obstructive sleep apnea can reduce blood
pressure during both the night and day. This response
occurred in both normotensive and hypertensive pa-
tients and was independent of the influence of changes
in body mass or antihypertensive medications. These
findings suggest that sleep apnea is a causal factor in
elevated blood pressure levels commonly found in this
patient population.

The reduction in blood pressure was relatively mod-
est but significant because reductions in casual blood
pressure measurement of this magnitude, if main-
tained long term, are associated with significant re-
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duction in cardiovascular risk at all levels of blood
pressure (15). The measured fall in blood pressure may
have underestimated the potential hypotensive effect
of nCPAP treatment, partly because the period of ob-
servation (8 weeks) was relatively short. In addition,
self-reported CPAP use tends to overestimate objec-
tive measurements of treatment usage. Furthermore,
technical problems, including mask leaks and nasal
obstruction due mainly to a vasomotor (nonallergic)
rhinitis, sometimes delay the effective control of sleep
apnea by nasal CPAP. Effective nCPAP therapy was
not established in five patients (31%).

We did not include a control group of patients with
OSA, who were either not treated or given nCPAP at
sub-therapeutic levels (“‘sham control™), in the present
study for several reasons. First, we were concerned
about the potential risks of restricting nCPAP treat-
ment-particularly off antihypertensive medications—
for approximately 3 months in OSA patients. Second,
one of the main reasons for having untreated controls
would be to control for a placebo effect on blood pres-
sure. However, the placebo effect, well recognized in
studies using office blood pressure measurements, has
not been observed in most studies using ambulatory
blood pressure monitoring (16-19). Finally, we con-
sidered that a beneficial effect of low-pressure nCPAP
on OSA, and possibly blood pressure, could not be
excluded. However, the subjects in whom technical
difficulties with nCPAP prevented effective treatment
provided a ““sham” control group, whose blood pres-
sure did not fall over the study period.

The patients’ 24-hour blood pressure profile showed
a normal diurnal variation in blood pressure levels,
with lower nighttime than daytime blood pressures.
We have previously shown that this pattern of circa-
dian blood pressure variation is typical of ambulatory
blood pressure recordings in patients with sleep apnea
(20). Following successful nCPAP treatment, both day-
time (systolic and diastolic) and nighttime (systolic)
blood pressure fell significantly. The beneficial effect
of nCPAP on blood pressure was evident throughout
the 24-hour period, suggesting that sleep apnea influ-
enced both nighttime and daytime blood pressure. The
effect of treatment with nCPAP on daytime blood pres-
sure is not an unexpected finding because epidemio-
logical studies suggest a link between daytime hyper-
tension and sleep apnea (1-7). There are also well-
described cyclical increases in blood pressure during
apneas, changes which are abolished by treatment (20).
However, blood pressure variability was not assessed
adequately because of the relatively infrequent mea-
surements during sleep compared with previous stud-
ies, which used intraarterial blood pressure recordings
and continuous blood pressure measurements (20).

Patients with OSA have been reported to have in-
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creased echocardiographically determined left ventric-
ular mass, even if normotensive (21). One possible
explanation of this finding is that these patients do not
have the normal nocturnal fall in blood pressure (23,24)
because hypertensive patients without OSA who do
not have a nocturnal fall in blood pressure have greater
left ventricular mass than hypertensives with a normal
diurnal blood pressure profile (25). This was not the
case in the present study, where average nighttime blood
pressure was lower than average daytime blood pres-
sure, findings that are similar to those we have pre-
viously reported (20). However, other potentially im-
portant influences on the development of left ventricular
hypertrophy, such as increased blood pressure vari-
ability and elevated plasma catecholamines, were not
measured in this study. Another potential influence on
blood pressure in OSA is atrial natriuretic factor (ANF).
In a previous study, we showed that ANF is released
during sleep in OSA and suppressed by nCPAP (26).
Atrial natriuretic factor has both vasodilator and di-
uretic effects, which may not only contribute to the
nocturnal diuresis characteristic of OSA but may also
promote a fall in blood pressure at night in OSA. Sup-
pression of ANF release by treatment with nCPAP may
explain why the effect of nCPAP treatment was less on
nighttime than daytime blood pressure.

The mechanism by which OSA causes elevation of
daytime blood pressure is not known, but there is ac-
cumulating evidence to suggest involvement of the
sympathetic nervous system and vascular endothelial
dysfunction. During sleep, high and fluctuating levels
of peripheral sympathetic nerve activity occur during
apneas and are associated with cyclical increases in
blood pressure (27). Recently, Carlson et al. (28) dem-
onstrated augmented muscle sympathetic nerve activ-
ity during the day in patients with OSA. We have
previously demonstrated marked increases in blood
pressure in response to hypoxia during the awake state
in OSA (29). Abnormal endothelial function may also
be a factor in a report of increased urinary excretion
of endothelin in untreated patients with OSA, which
is suppressed by nCPAP treatment (30). Therefore, it
is possible that the effects of repetitive apneas during
sleep cause altered vasoreactivity during the day, lead-
ing to sustained arterial hypertension.

Whatever the mechanisms, our data provide direct
evidence that such mechanisms are indeed induced by
sleep apnea and are partially reversible with nCPAP
treatment.
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