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Wright et al1 set out to assess the “health
eVects” of obstructive sleep apnoea (OSA) and
the evidence for the eYcacy of continuous
positive airway pressure (CPAP) in this disor-
der. In their assessment they concentrated par-
ticularly on whether or not OSA causes cardio-
vascular disease. The review included more
than 70 papers examining cardiovascular end
points and less than 30 pertaining to daytime
sleepiness and quality of life. It was structured
to emphasise these cardiovascular issues and
appeared to imply that these factors are the
important reasons for the treatment of sleep
apnoea. In fact this is incorrect. Patients with
sleep apnoea are treated primarily to control
disabling daytime sleepiness and to improve
quality of life. Heated debates about possible
links with cardiovascular disease continue but
these are not primarily relevant to the eYcacy
of CPAP treatment. By getting this balance
wrong, the review by Wright et al1 was seriously
flawed; by asking the wrong question it inevita-
bly produced a misleading answer.
Wright et al1 first dealt with “health eVects”

and then separately with “CPAP eYcacy” and
the present discussion is structured similarly.
Most of the available cardiovascular evidence
relates to systemic arterial blood pressure and
hence this dominates what follows. The discus-
sion of arterial blood pressure deals first with
blood pressure at night in patients with OSA
and then separately with daytime awake blood
pressure, since the patterns and mechanisms of
any blood pressure changes are diVerent in
these two states.

Nocturnal hypertension
Figure 1 shows the disturbance of blood pres-
sure and cardiac output which occurs during
obstructive apnoeas. The blood pressure trace
shows repeated falls during apnoea followed by
a sharp rise in the period following the apnoea
which is coincident with arousal on the
electroencephalogram. The magnitude of the
rise in blood pressure following apnoea can be
large (more than 100 mm Hg systolic). This
blood pressure rise occurs reproducibly after
every apnoea and hence potentially hundreds
of times throughout the night. Several clinical
and basic physiological studies have reported
and explained this impressive response.2–4

These show that the post-apnoeic rise is due to
increasing total peripheral vascular resistance,
almost certainly triggered by arousal from
sleep.3–5 The intra-apnoeic inspiratory de-
creases in blood pressure are due to the

haemodynamic eVects of obstructed
inspiration.6 It is clear that these phenomena
are genuine. Indeed, they are so dependably
reproducible that they have been examined as
possible diagnostic markers for OSA.7 Figure 2
shows the number of rises in blood pressure
related to post-apnoeic arousals which occur
per hour of sleep in normal sleep and OSA.
There is a highly physiologically and statisti-
cally significant increase in such rises during
sleep fragmented by OSA.
As well as producing blood pressure variabil-

ity, these post-apnoeic increases result in a
higher overall blood pressure during sleep. In a
study which compared sleeping blood pressure
in patients with severe OSA with that in
carefully matched control subjects, OSA was
associated with a rise in blood pressure of 9
mm Hg8 compared with a normal fall in the
control subjects. Blood pressure at night is
therefore both disturbed and raised by obstruc-
tive apnoea.
Despite the solid evidence for night-time

blood pressure disturbance in OSA, Wright et
al1 ignored this area and included no reference
to the published evidence demonstrating these
eVects, an important omission in a review of all
the “health eVects” of OSA which chose to
concentrate on cardiovascular disease. In
essential hypertension nocturnal blood pres-
sure has been shown to be an independent
adverse outcome variable associated with
increased cardiovascular end organ damage.9 10

Daytime hypertension
Those unfamiliar with the literature in this field
may find the hypothesis that repetitive upper
airway obstruction during sleep might lead to
daytime hypertension implausible. However,
animal studies have shown it is not. Brooks et
al11 used a sophisticated canine model of
obstructive apnoea to examine its eVects on
night-time and daytime blood pressure. In
their model an ambulant dog has a tracheos-
tomy which is closed automatically when the
animal falls asleep. The airway is kept closed
until the animal wakens, just as the pharyngeal
airway is closed until arousal in humans. In this
model OSA produces the same pattern and
magnitude of night-time blood pressure distur-
bance as is seen in humans,11 and also generates
an awake daytime mean arterial blood pressure
rise to 18% above baseline.11 This daytime
hypertension resolves within one month of ces-
sation of the obstructive apnoea.11 Of course,
animal data are not directly relevant to the
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human situation, but these studies do show
that a daytime hypertensive response to night-
time obstructive apnoea is consistent with
mammalian physiology.
In humans the situation is less clear. All the

large studies that have examined this area have
found an association between raised daytime
blood pressure and the presence of sleep
apnoea at night. Unfortunately adult patients
with sleep apnoea tend to be more overweight
than normal subjects and consequently obesity
and body fat distribution are important con-
founding variables in assessing whether this
truly reflects a cause and eVect relationship. In
attempting to resolve this uncertainty, a series
of studies using diVerent methodologies (for
example, epidemiological cross sectional sur-
veys with statistical methods to correct con-
founding or case control analyses) have pro-
duced variable results.12 13 Some reports
(including sizeable epidemiological studies)
have failed to show an independent relation-
ship while others (including one recent large

and much quoted study14) have found a link
which appears to be independent of overall
obesity. The continuing uncertainty in this area
means that there is, quite naturally, a broad
spread of opinion in this area amongst those
involved in managing sleep apnoea.12 13 There
may be a weak independent relationship
between OSA and daytime blood pressure in
man, and there is no doubting this relationship
in the dog,11 but its magnitude and clinical
importance remain uncertain.

EVect of CPAP on blood pressure
The evidence for the eYcacy of nasal CPAP in
correcting the sleeping blood pressure distur-
bances of OSA is unequivocal and dependably
reproducible. The literature describing the use
of real and sham CPAP as a research tool to
switch the blood pressure changes of OSA on
and oV as required during studies of the physi-
ology of these changes confirms the ability of
CPAP to correct these changes reliably.3 15

In contrast with the undoubted eYcacy of
CPAP in normalising sleeping blood pressure,
its eYcacy in reducing awake blood pressure is
not proven. Most studies that have looked at
this issue have included no appropriate control
groups and report variable results.13 In one
small controlled crossover study of nasal CPAP
compared with an oral placebo agent there was
no overall eVect on daytime arterial blood
pressure.16 The eVect of CPAP on daytime
arterial blood pressure requires a further large
prospective randomised and sham placebo
controlled trial to assess any therapeutic eVect,
and without such data no case can currently be
made for nasal CPAP having a useful role in
reducing daytime blood pressure in patients
with OSA.

Other cardiovascular associations
The literature is more unclear when other
cardiovascular end organ eVects such as stroke,
coronary heart disease, and sudden death are

Figure 1 Typical arterial blood pressure changes during obstructive sleep apnoea. The
periods of apnoea are indicated. The top trace shows the electroencephalogram with high
frequency bursts indicating arousal following each apnoea. Arterial blood pressure is
represented as a single vertical line for each cardiac cycle. The line extends from the systolic
to the diastolic blood pressures. The bottom trace shows cardiac output. (Data redrawn from
Garpestadt et al4).

Figure 2 The number of times per hour of sleep that a
blood pressure rise of the type shown in fig 1 occurred
during 72 periods of normal sleep and 91 periods of
obstructive sleep apnoea. The plots show the median,
interquartile range 5th and 95th centiles and outlying data
points. (Data drawn from Davies et al7).
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considered. A detailed review of this literature
is not appropriate for this article since here the
conclusions of Wright et al1 are not in dispute.
There are no convincing data to show that OSA
is an independent risk factor for these end
points after the eVects of obesity, body fat dis-
tribution and tobacco intake are considered,
and there are no data at all to suggest that
CPAP reduces the risk of these complications.
In conclusion, an objective review of the lit-

erature pertaining to the cardiovascular eVects
of OSA should have found that this disorder
causes repetitive blood pressure rises at the end
of each obstructive apnoea, that these rises are
associated with an overall rise in nocturnal
blood pressure, and that these changes are reli-
ably normalised by CPAP. There are interest-
ing but mixed observations with regard to day-
time awake arterial blood pressure, and
whether there is truly an independent eVect for
OSA here (after allowing for obesity) remains
uncertain. Even if there is an aetiological link
with daytime blood pressure, there are no good
data showing that this is improved by CPAP.
The relevant clinical question, therefore, is

whether the nocturnal blood pressure changes
which respond to nasal CPAP should them-
selves be seen as an indication for this therapy.
In the absence of outcome data, the only way of
attempting to answer this question at present is
by inference from nocturnal blood pressure
data in essential hypertension. Unfortunately,
the characteristics and physiological mecha-
nisms of the blood pressure disturbance of
OSA are so diVerent from those of essential
hypertension that any such inference must be
very suspect. The evidence does not therefore
currently support the institution of CPAP for
the reduction of cardiovascular risk alone, and
this conclusion is consistent with current clini-
cal practice in the UK. Nasal CPAP is

prescribed primarily for the relief of disabling
daytime sleepiness and the interesting but
unresolved debates about the cardiovascular
eVects of this disorder should not be allowed to
obscure this important fact.
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