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Obstructive sleep apnoea (OSA) has an established
independent relationship with cardiovascular disease,
with a multitude of clinical cohort and longitudinal
population studies showing a significantly increased risk
of cardiovascular morbidity and mortality in subjects with
severe OSA (1-3). This association is used by many sleep
clinicians to justify continuous positive airways pressure
(CPAP) usage even in patients without excessive sleepiness,
in particular in those with established cardiovascular disease.
Lending further support to this practice are a number of
retrospective or observational studies which suggest that
CPAP usage may lead to a reduction of cardiovascular
events (4-6). Until very recently, however, there were few
prospective, randomised trials examining the impact of
CPAP therapy on long-term cardiovascular outcomes.
Helpfully, 2016 saw the publication of two well-conducted
high quality RCT5 in this area (7,8).

First to appear was the Swedish RICCADSA study, which
examined 5-year outcomes in 244 non-sleepy patients with
OSA and newly revascularized coronary artery disease (7).
This was followed within months by the much larger,
multinational, multicentre SAVE trial, wherein 2,687 patients
were followed up to the study end point (8). SAVE enrolled
patients with moderate-severe OSA and established
cardiovascular or cerebrovascular disease, randomised
them to therapeutic CPAP or usual care, and followed
them for an average of 3.7 years. The majority of patients
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participating in SAVE were non-sleepy. To the surprise of
many, and the dismay of some, both of these trials produced
negative results—CPAP therapy did not lead to a reduction
in cardiovascular morbidity or mortality. Taken at face
value, this would suggest that sleep physicians should focus
entirely on symptom control, and abandon semi-abstract
concepts such as reducing possible risk of heart attack or
stroke. As ever in clinical research, however, it may not be
quite that straightforward.

These studies illustrate what can be achieved in sleep
research, but also show why it can be so challenging. First,
average CPAP compliance during the SAVE study was
3.3 hrs per night and only 42% of participants met the
criteria for good compliance (average 4 hrs per night).
Widely accepted compliance is a minimum of 4 hrs a night
to achieve an improvement in ESS, based on multiple
previous studies, with increased hours of usage shown to
improve symptoms further (9). Therefore one could argue
that participants in SAVE may have been undertreated.
Barbé et al. (10) performed a RCT in which they found that
non-sleepy patients with OSA and hypertension did have
a reduction in systolic and diastolic blood pressure, with
the greatest reductions seen in participants with 5.6 hrs
or more usage. Furthermore, the low number of hours of
CPAP usage may suggest that CPAP was used earlier in
the night, as patients typically start the night with CPAP
in situ but cease to use it when they can no longer tolerate it.
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Given an average sleep time of 6-7 hours in most adults (11),
participants in this study were using CPAP for little over,
and often less than, half of the night. Moreover, rapid
eye movement (REM) sleep tends to be longer and more
frequent later in the night and early morning. Hypoxaemic
episodes are typically more pronounced in REM, and
REM OSA has been strongly associated with incident
hypertension (12,13). Underscoring this point, a statistically
significant improvement in cardiovascular outcomes was
seen in RICCADSA participants with an average nightly
CPAP usage of >4 hours. The pivotal question of whether
improved adherence to CPAP would have led to improved
outcomes in the SAVE study remains unanswered.

Second, patients in both SAVE and RICCADSA were not
subjectively sleepy; it has been argued that non-sleepy patients
may be at lower risk of cardiovascular disease than their sleepy
counterparts (14). Supporting this theory, the MOSAIC
study, which examined the impact of CPAP on minimally
symptomatic OSA patients, did not show any improvement
in daytime blood pressure following treatment (15),
while other investigators have found OSA to be associated
with metabolic disease only in sleepy cohorts (16).
These findings are far from universal—no difference was
seen in mortality in sleepy and non-sleepy patients in the
Wisconsin sleep cohort (17)—and ethical concerns make
it challenging to conduct long term controlled studies
in sleepy OSA patients. Nonetheless, it should be borne
in mind that neither the SAVE nor RICCADSA patient
cohorts were necessarily representative of typical sleep
clinic populations.

Other factors should also be considered in the
interpretation of these data. For example, in patients with
established cardiovascular disease, there may be a limited
degree of reversibility, similar to some of the data from
parallel studies on the effect of OSA on the central nervous
system (18,19). It may therefore be expected that mortality
and morbidity would be equally high in both groups, and
CPAP may provide limited benefit. Similarly, the study
populations of SAVE and RICCADSA were comprised
of patients with moderate or severe OSA. Recent meta-
analyses suggest that more severe OSA is associated
with the highest risk for development of cardiovascular
complications (20). Again, it remains unknown if a study
including only patients with severe disease would have
produced different results

A number of the centres participating in the SAVE
trial had limited resources, therefore the diagnosis of
OSA was made via home sleep studies, while control of
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sleep disordered breathing was assessed via data from
CPAP machines. These data are not always accurate due
to movement at night, sleep-wake transitions and other
factors. Therefore it has not been confirmed, via gold
standard polysomnography (PSG), whether OSA was fully
controlled on treatment. This is of particular importance
when patients are relatively asymptomatic and therefore
cannot reliably confirm if they are experiencing benefit.
Furthermore, a high proportion of other studies looking at
cardiovascular disease risk in OSA used PSG to determine
diagnosis (20).

Finally, although these patients had a relatively low
OSA-related symptom burden, the secondary outcomes
in the SAVE study did show significant improvements in
the CPAP group, including sleepiness, mood, and quality
of life. This implies that even partial treatment can be of
symptomatic benefit in non-sleepy patients, mirroring the
results of the MOSAIC study (15).

In summary, the results of these studies call into question
the growing practice of using CPAP therapy as a panacea,
including its use as a preventative measure in asymptomatic
cardiovascular patients. Moreover, they also raise key
questions regarding patient adherence to treatment and
the polymorphic trajectory of illness. Finally, we would
argue that, rather than closing the book on the subject,
these studies underscore the need for further prospective,
outcome-based research into sleep disordered breathing and
its impact on cardiovascular disease and death.
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