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Hypertension affects about 25% of the
adult population worldwide. It ranks as
the leading chronic risk factor for

mortality, accounting for 13.5% of all
deaths. Half of all strokes and ischaemic
heart disease events are attributable to
high blood pressure (BP).1 2

Obstructive sleep apnoea (OSA) is now
recognised as a risk factor for the develop-
ment of hypertension in European and
the US International Guidelines. OSA and
hypertension are linked in a dose-response
fashion. This is true even when the usual
confounding factors such as age, alcohol,
tobacco consumption and Body Mass
Index are taken into account.3 In a large

prospective observational cohort followed
for more than 12 years, it has been shown
that compared with controls, the adjusted
HRs for incident hypertension were
twofold greater among patients with
severe OSA who declined continuous
positive airway pressure (CPAP) therapy.4

At least four meta-analyses derived from
32 randomised controlled trials (RCTs)
have demonstrated that CPAP, the first-line
therapy for moderate to severe OSA syn-
drome, reduces 24 h mean BP by approxi-
mately −2 mm Hg (pooled estimated
effect).5–8 In these meta-analyses, hetero-
geneity is a clear concern with some of the
analysed studies excluding hypertensive
patients, while others only included hyper-
tensive patients. Furthermore, the presence
and/or the description of antihypertensive
classes of medications are poorly reported.
The first strength of the study by Bratton
et al9 is to restrict the investigation to a
homogeneous group with minimally symp-
tomatic OSA. Whereas CPAP treatment is
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clearly indicated in sleepy symptomatic
OSA, CPAP prescription with the aim of
reducing cardio-metabolic risk in minim-
ally symptomatic patients remains a fre-
quent clinical practice. This should be
argued because CPAP effects on hyperten-
sion appear to be limited mainly to the
more severe and symptomatic patients,
with little benefit observed in patients who
did not feel sleepy during the day. In their
recent meta-analysis, Montesi et al8

reported that with every 5-point increase
in the Epworth Sleepiness Scale score at
baseline, a drop in diurnal systolic BP
(SBP) of 1.86 mm Hg and a drop in
diurnal diastolic BP (DBP) of 1.35 mmHg
could be expected with CPAP treatment.
Thus, the question addressed by the
meta-analysis of Bratton et al is clinically
relevant and targets a population in which
the true efficacy of CPAP on BP is still
debated. In summary, they found no bene-
ficial effect on BP in patients with minim-
ally symptomatic OSA, except in those
patients who used CPAP for >4 h/night.

The meta-analysis uses data obtained
for individual patients, which allows ana-
lysis of different subgroups, thus identify-
ing those with OSA who are most likely to
benefit from CPAP. This is an additional
strength, as this methodology allows
adjustment for covariates, thus reducing
potential bias and increasing power.10 By
using the full information in the dataset,
this method allows subgroup analyses and
adjustment on confounding variables.

However, several aspects of the data
analysed and the conclusions should be
discussed. First, only daytime or office BP
readings were used to assess the impact of
CPAP. OSA-related hypertension has
several characteristics: diastolic and noc-
turnal predominance are commonly
encountered often leading to masked
hypertension and non-dipper status.11

Diastolic hypertension is more frequent in
OSA as the main mechanism for BP eleva-
tion is an increase in vascular resistance
owing to sympathetic activation. Due to
the nocturnal predominance of hyperten-
sion, patients with OSA are at high risk of
presenting masked hypertension, that is,
normal office BP but elevated BP using
24 h ambulatory BP monitoring (ABPM).
Moreover, it has been recently published
that neither office BP measurements nor
self-home BP measurements (three
morning and three evening BP measure-
ments by the patient at home) were suffi-
cient to detect masked hypertension in
patients with OSA, confirming 24 h ABPM
as the gold standard to detect abnormal BP
in patients with OSA.12 There is increasing

evidence that the mean nocturnal BP level
is a major predictor of cardiovascular mor-
bidity and mortality irrespective of 24 h
BP levels.13 Thus, the data used in the
current meta-analysis, limited to daytime
and office BP measurements, does not
fully describe the 24 h effect of CPAP in
minimally symptomatic patients with OSA.
Bratton et al did not find an overall benefi-
cial effect of CPAP for this OSA subgroup,
but the lack of 24 h measurements may
have underestimated significant changes in
absolute nocturnal BP values and variabil-
ity that are key prognostic factors.
Previous meta-analyses agreed on the

fact that BP reduction after CPAP initi-
ation is of greater amplitude in patients
with severe OSA and in patients who
comply with CPAP treatment. Recent
interventional RCTs are concordant in
suggesting that CPAP adherence >5.5 h/
night is required to obtain the greatest
reduction in BP.14 Accordingly, although
there was no overall improvement in BP,
Bratton et al9 found that optimal CPAP
usage can result in a decrease in DBP.
However, the meta-analysis design does
not allow to demonstrate a causal relation-
ship between CPAP usage and the size
effect of BP reduction. The comparisons
between patients with OSA using CPAP
treatment <4 or >4 h/night with controls
were not randomised and could, there-
fore, be due to various confounders that
are not controlled. More importantly,
CPAP adherence was, by definition, mea-
sured after study enrolment and could be
a consequence of treatment in itself and
not a predictor of good outcome. The
definite proof of impact of CPAP therapy
on BP in patients for whom compliance is
>4 h/night needs further RCTs. A screen-
ing preinclusion period or the use of a
modified intention to treat population
based on patients with a good compliance
within the first weeks of enrolment might
be possible options. The explanatory
factors for poor compliance much more
than the poor compliance in itself may
explain the results. There is a need to
conduct future research using individual
data from the two largest trials in this
meta-analysis to build and test predictive
models to determine which patients are
most likely to use treatment more, and
thus are likely to receive greater benefit in
terms of BP reduction.
Shorter sleep duration, sleep fragmenta-

tion and alterations in sleep quality are
associated with prevalent or incident
hypertension even though age, gender,
environmental exposure and ethnic dis-
parities are clear confounders. Sleep

parameters were not included as covari-
ates in the Bratton et al9 meta-analysis.
We know that the selective deprivation in
slow wave sleep that is a hallmark of OSA
leads to a reduction in the amplitude of
nocturnal dipping of BP,15 sustaining the
hypothesis that disturbed non-rapid eye
movement sleep quantity or quality by
microarousals might be a mechanism by
which an increase of sympathetic tone
and, in turn, hypertension appears.
Meta-regression analyses of previous
meta-analyses8 have indeed demonstrated
that a greater reduction in BP occurred
with higher frequency of arousals during
the diagnosis of OSA.

The studies included in the meta-
analysis of Bratton et al9 differed in terms
of the type of control treatment (ie,
sham-CPAP vs usual care alone) and there
was some variation between the individual
studies, including the length of follow-up.
However, the studies that use subthera-
peutic CPAP are relatively small in size
and unlikely to alter the main results that
mainly come from the larger studies using
standard care as a control group.

Generally, the impact of CPAP in redu-
cing BP is of relatively modest amplitude
even in patients with OSA and daytime
sleepiness. The merit and the clinical rele-
vance of the Bratton et al9 meta-analysis
is to demonstrate that the specific sub-
group of patients with minimally symp-
tomatic OSA should not be treated with
CPAP in an attempt to reduce daytime BP.
However, among patients treated for
hypertension, even a 1–2 mmHg decrease
in BP is already associated with reduced
odds of stroke and major cardiovascular
events.16 Thus, in clinical practice, the
advice of the authors is to prescribe a
short trial of CPAP treatment to identify
those patients who really do use CPAP for
more than 4 h/night, and thus may benefit
in terms of a BP reduction. This is prob-
ably particularly true in some specific
populations that present high cardiovascu-
lar risk, such as patients with resistant
hypertension. These patients exhibit
greater BP reductions in response to CPAP
therapy,17 18 and one might expect in
these subgroups a greater benefit in long-
term outcomes even for minimally symp-
tomatic patients.

Nevertheless, ultimately, CPAP efficacy
should be placed in a realistic perspective
in comparison with the tangible effects of
weight loss or exercise in reducing BP and
cardio metabolic risk.19 Chirinos et al20

recently randomly assigned 181 patients
with OSA to receive treatment with CPAP,
a weight-loss intervention, or CPAP plus a
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weight-loss intervention for 24 weeks. In
the perprotocol population, the reduc-
tions in SBP, mean BP and pulse pressure
at 24 weeks were greater in the combined
intervention group than in the weight-loss
group and the CPAP group. The differ-
ence was massive as the reduction in SBP
in the combined intervention group was
14.1 mm Hg compared with 3.0 mm Hg
in the CPAP group.20 Whereas the major-
ity of respiratory physicians limit their
intervention to prescribing CPAP, this
study and the Bratton et al9 data empha-
sise the need to offer multiple modalities
of treatment to patients with OSA if their
cardiovascular and metabolic risk profile
is to be successfully modified. After, or in
combination with CPAP trial rehabilita-
tion programmes, weight loss reduction
programmes should probably be imple-
mented in this population of minimally
symptomatic patients with OSA.
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