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In the clinical realm, the highest degree of evidence driving practice guidelines originates from randomised
controlled trials (RCTs) and meta-analysis of RCTs. For practice changes to occur, adequate RCT
methodology and optimal sample size, as well as accurate definition of primary objectives and patient
selection, are paramount, along with satisfactory adherence to the targeted intervention in a high
proportion of the participants. Critically, the results of any of such trials can only apply to the targeted
population and cannot be extrapolated to alternative groups, even if they suffer from the same disease [1].
Furthermore, if controversial findings emerge between previous basic and clinical studies, a cogent
explanation for such discrepancies would be required to identify future study directions.

The majority of published studies on obstructive sleep apnoea (OSA) suggest that it is an independent
cardiovascular risk factor [2]. Obstructive events during sleep lead to intermittent hypoxia, large swings in
negative intrathoracic pressures, sleep fragmentation with arousals and increased sympathetic tone [2, 3].
Large population-based and clinical referral cohort studies show that untreated severe OSA is associated
with a high risk of incident hypertension, stroke and cardiovascular mortality [4-11]. Conversely,
continuous positive airway pressure (CPAP) therapy counteracts most of these intermediate
pathophysiological pathways [2, 12-15] and would be anticipated to improve cardiovascular outcomes in
adherent patients [2]. However, except for hypertension [16, 17], the potential beneficial effects of CPAP
therapy on other defined cardiovascular outcomes remain undefined, principally because most trials used
an observational design, an approach that precludes the highest level of evidence but is dictated by ethical
considerations of withholding treatment in symptomatic OSA patients in an RCT.

Recently, three RCTs [18-20] and a meta-analysis [21] attempted to shed light on the impact of OSA
treatment on cardiovascular outcomes. The meta-analysis [21] concluded that positive airway pressure
(PAP) therapy provides noncardiovascular benefits, namely improved quality of life and daytime
sleepiness, but fails to prevent cardiovascular outcomes. The three aforementioned RCTs included in this
meta-analysis yielded similar conclusions, i.e. intention-to-treat analysis does not support the contention
that CPAP reduces cardiovascular risk [18-20].

These findings prompted the question, should we change our current clinical practice and not prescribe
CPAP therapy in asymptomatic OSA patients, even if these patients are at high cardiovascular risk? If the
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RCT evidence [18-20] was undisputable, there is little if any doubt that such recommendations would be
rapidly incorporated into current clinical practice guidelines. However, in our opinion, this is not the case.

First, the three RCTs have methodological particularities that preclude extrapolation of the results to every
patient with OSA. Importantly, their primary endpoint consisted of a composite of cardiovascular
outcomes including disparate items such as cardiovascular death and a list of nonfatal cardiovascular and
cerebrovascular events. Thus, these RCTs were operating under the (false) assumption that all of the
singular cardiovascular outcomes were equivalent and interchangeable in terms of their degree of
association with OSA or response to CPAP therapy. For instance, patients with coronary heart disease may
develop protective collateral vessels in response to OSA-related hypoxia, so this subgroup may have a
lower cardiovascular risk [22] and CPAP would have limited therapeutic effect in this population.
Therefore, including coronary heart disease in a composite outcome may dampen the potential impact of
CPAP. Meanwhile, the SAVE trial [18], which provided the largest sample size, and thus had the greatest
influence (73% of events) on the meta-analysis, had limitations [2]. Paucisymptomatic patients, mostly
Asian (62%), were enrolled. The dropout rate (from the initial assessment for eligibility to the end of the
study) was 83% and 57 patients allocated to the control group switched to CPAP treatment, probably
diluting CPAP effect in the intention to treat analysis. In this trial, sleep disordered breathing was assessed
using a device acceptable for screening but not for diagnostic purposes, particularly in subjects with
cardiovascular disease, according to the latest American Academy of Sleep Medicine guidelines [23].
Moreover, even though patients with pattern of Cheyne-Stokes breathing were excluded, this device was
incapable of distinguishing OSA from central sleep apnoea (CSA). Potentially, additional patients with
CSA were missed, which should have been an exclusion criterion, and CSA may not be suppressed by
CPAP, resulting in excess mortality [2]. In addition, the inclusion of patients with nonsevere OSA in the
trial may have further diluted CPAP effects, which are most pronounced in severe OSA [2, 24]. Finally, the
aforementioned meta-analysis [21] analysed heterogeneous trials pooling data from studies assessing both
OSA and CSA, as well as studies that used different types of PAP treatment, not only CPAP. Thus, bearing
in mind the particularities of the RCTs and the limitations of the meta-analysis, one wonders whether the
majority of the patients usually seen in daily clinical practice in sleep centres would fulfil the skewed
clinical features of the subjects included in these studies and, therefore, legitimise the putative
recommendations of the meta-analysis; we believe not.

Second, although CPAP is, overall, a safe therapy without major side-effects, and would be unlikely to
benefit and be effective for all OSA patients, strong arguments are required to explain the absolute lack of
benefit from CPAP treatment as inferred by the meta-analysis and RCTs. This is all the more
disconcerting considering that CPAP therapy abolishes obstructive respiratory events, annulling the
pathophysiological consequences of OSA [2, 12-15]. The normalisation of these breathing events with
CPAP leads to significant improvement in hypertension [2, 16, 17] and therefore, commensurate with the
benefits of blood pressure reductions on incident cardiovascular outcomes, detectable and beneficial effects
on at least some cardiovascular outcomes related to OSA would be anticipated [25].

Third, a therapy can only be effective if it is adequately employed. However, this was not the case. The
CPAP group in most of the RCTs failed to adequately adhere to the treatment, with compliance rates
lower than 4 h per night. Although the minimal threshold of adherence associated with cardiovascular
protection is unknown, greater compliance rates in minimally symptomatic patients could be necessary to
achieve meaningful blood pressure reduction [19, 26, 27]. Importantly, better adherence rates are
associated with greater decreases in blood pressure [28]. Thus, similar levels of adherence would be needed
to reduce the risk of hard cardiovascular outcomes in minimally symptomatic OSA, particularly with less
severe OSA, enrolled in these trials.

Rapid eye movement (REM) sleep OSA has been associated with increased risk of hypertension [29] and
cardiovascular disease [30], so selective nonuse of CPAP during these critical periods (i.e. patients who
take off the mask after the first hours, remaining untreated during the latter hours of nocturnal sleep when
REM dominates and OSA worsens) may account for reduced treatment efficacy. Indeed, to overcome the
ethical issues of withholding treatment in sleepy OSA patients, most RCTs recruited minimally
symptomatic individuals, an approach that not only excluded the most vulnerable sleepy patients prone to
OSA-related cardiovascular outcomes [2] but could also have also influenced the overall poor adherence
rates. In fact, when the analyses were restricted to CPAP use >4 h per night, significant decreases in the
composite cardiovascular risk or cerebrovascular risk endpoints emerged [2, 31], thereby raising the
concern of whether the lack of cardiovascular benefits in the intention-to-treat analysis is attributable to a
real lack of effect of CPAP or can be simply ascribed to poor adherence to therapy. Therefore, the question
of whether CPAP will reduce cardiovascular risk in patients with adequate treatment adherence has not
yet been answered and this issue is of paramount importance for the formulation of recommendations for
sound clinical practice.
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An additional conundrum emerges from the putative conclusions of Yu et al. [21]. Although it is clear
that the aforementioned evidence confirms that CPAP therapy is not effective in reducing cardiovascular
risk in all OSA patients, it would also be risky to disregard any potential beneficial cardiovascular effect by
recommending not to treat OSA patients simply on the basis of studies that do not represent the typical
patients referred to sleep clinics and who do not adequately adhere to the treatment.

Before changing our clinical practice and adopting any of the aforementioned recommendations, we
strongly advocate carrying out pragmatic trials enrolling patients who are routinely evaluated in real-world
clinical practice [32], with a well-balanced geographical representation. These trials should be assessed by a
multidisciplinary worldwide expert panel, use consensus-based inclusion/exclusion criteria that are based
on medical, biological and ethical equipoise, and employ standardised technologies for detection of both
sleep-related and cardiovascular events. Initial focus on well-phenotyped patients with severe OSA and
stringently defined individual cardiovascular endpoints at appropriate timeframes, in either primary or
secondary prevention, while avoiding composite outcomes [33] (e.g. ischaemic heart disease, stroke and
atrial fibrillation) are further suggested, along with adequate statistical power to encompass both
intention-to-treat and per protocol analyses as well as sensitivity analyses of clinically relevant subgroups
such as sex, age, sleepiness and control/uncontrolled cardiovascular risk factors, especially arterial
hypertension and diabetes. The ethical concerns around randomisation of sleepy patients to an untreated
arm with lengthy trial follow-up preclude the adoption of ideal trial methodologies, and may require
alternative therapeutic approaches and compare their effectiveness with CPAP [34]. Randomising patients
from cardiovascular clinics never referred to sleep units to either a sleep study or none presents a potential
alternative [35]. Sequential randomisation might also be used to reduce costs and unnecessary exposure to
treated/untreated patients [36]. Biological sample collection from all patients is critical to enable in-depth
exploration of underpinning pathophysiological mechanisms and formulation of personalised medicine
approaches. Finally, in order to improve adherence, we should combine different strategies including
educational, supportive and behavioural interventions, use of telemonitoring and telemedicine, and even
implementation of financial incentives. An additional approach used in the PARADIGM trial [37], the
largest RCT in heart failure, is the insertion of long run-in periods with CPAP before randomisation in
order to identify and exclude from randomisation those patients with persistent side-effects and those who
are intolerant to CPAP, thereby potentially improving long-term adherence in the study. Considering the
elevated prevalence of OSA in the general population [38], feasibility of such studies is likely in the setting
of multinational collaborative research groups [39].

Meanwhile, we advocate a more prudent approach, i.e. individualisation of each patient such as to exclude
from CPAP only those patients in whom the benefit of CPAP is deemed marginal or nonexistent, and
weighing the risk/benefit ratio of such an approach. Considering that, at present, these patients are difficult
to identify and in light of the fundamental premise of primum non nocere in our profession, the choice is
clear and favours CPAP until proven otherwise.
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