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There is accumulating evidence from well-
designed observational cohort studies and
randomised controlled trials suggesting
that obstructive sleep apnoea syndrome
(OSAS) may independently add to vascular
risk and increased mortality. Major bio-
logical mechanisms underpinning the
association between OSAS and systemic
consequences such as cardiovascular
disease are thought to include intermittent
hypoxia leading to increased oxidative
stress and sympathetic activity, intrathoracic
pressure changes leading to excessive
mechanical stress on the heart and large
artery walls and arousal-induced reflex
sympathetic activation with resultant
repetitive large blood pressure rises.1 The
nocturnal sympathetic nervous system acti-
vation and consequent elevation of blood
pressure diminish its usual physiological
nocturnal dipping. Augmented sympathetic
activation in patients with OSAS has also
been shown to be associated with blunted
baroreflex sensitivity, increased arterial
stiffness and impaired endothelial function,
all of which contribute to the development
of arterial hypertension and consecutive
vascular disease.2 3

Treatment with CPAP and mandibular
advancement devices (MAD) have been
shown to effectively abolish apnoeas and
oxygen desaturations, and to prevent arou-
sals; thus, obviate acute blood pressure
swings. More than 40 randomised con-
trolled trials looking at the effect of CPAP
or MAD therapy on blood pressure have
been conducted in the past and the findings
of these trials have established that CPAP
treatment of patients with OSAS lowers
blood pressure between 2 and 10 mmHg
after several weeks of CPAP therapy.2 4 5

What do the three papers published in
the current issue of the journal add to the
literature?6–8 Two of the three papers6 7

stem from the Multi-Ethnic Study of
Atherosclerosis (MESA), a multisite cohort

study of community-dwelling men and
women aged 45–84 years without known
cardiovascular disease at enrolment.9 A
subset of these patients participated in the
MESA sleep ancillary study from which the
presented data were drawn. In the study by
Lutsey et al,6 the hypothesis was tested
whether polysomnography-derived indices
of OSA severity and sleep quality are asso-
ciated with the prevalence of coronary
artery calcification (CAC) in coronary CT.
The authors found that patients with severe
OSA were more likely to have prevalent
CAC relative to those with no evidence of
OSA (1.10, 95% CI 1.01 to 1.19). A high
burden of CAC was associated with sleep
fragmentation (arousal index) and impaired
sleep quality (shorter time in stage N3, slow
wave sleep (SWS)). These findings make
sense from a physiological point of view as
both of these measures of sleep quality
(increased arousal index, diminished SWS)
are associated with increased levels of sym-
pathetic nervous system activity and hyper-
tension which may be the underlying
mechanisms for the observed association
between OSA and CAC.10

In the study by Kwon et al,7 the cross-
sectional association between atrial fibrilla-
tion (AF) and polysomnography-derived
measures of sleep breathing disturbances
and sleep quality was investigated. There
was a weak association between higher
apnoea/hypopnoea index and the odds for
AF after adjustment for covariates (OR:
1.22, 95% CI 0.99 to 1.49). However,
there was a significantly lower odds for AF
with longer duration of SWS (OR: 0.68,
95% CI 0.51 to 0.92) even after adjust-
ment for covariates. Thus, in both above-
mentioned studies there was some associ-
ation between OSA severity and the out-
comes, but the interesting finding was
really that there seems to be a relevant
association between impaired sleep quality
and an adverse outcome (CAC and AF).
This raises the hypothesis that poor sleep
quality (ie, reduced SWS) itself may be
causally involved in the pathogenesis of
subclinical coronary atherosclerosis and AF,
possibly through the activation of the
sympathetic nervous system. Such an
association between impaired sleep quality
and subclinical measures of cardiovascular
disease has recently been described
in other sleep disorders apart from OSAS

(eg, in patients with insomnia)11 and this
observation warrants further well-designed
interventional trials to establish the pro-
posed causal relationship.

The third paper by Molnar et al8 pub-
lished in this issue of the journal stems
from the large Racial and Cardiovascular
Risk Anomalies in Chronic Kidney Disease
(RCAV) study, which examines risk factors
for incident chronic kidney disease (CKD)
in more than 3 million US veterans with a
baseline glomerular filtration rate (GFR)
≥60 mL/min/1.73 m2.12 The authors inves-
tigated the possible association between
incident OSA, either treated with CPAP
or untreated, and (1) all-cause mortality,
(2) incident coronary heart disease (CHD),
(3) incident strokes, (4) incident CKD
(estimated GFR (eGFR) <60 mL/min/
1.73 m2) and (5) slopes of eGFR.

Patients with untreated and treated OSA
had an 86% (HR 1.86, 95% CI 1.81 to
1.91) and 35% (HR 1.35, 95% CI 1.21 to
1.51) higher mortality risk relative to
patients without OSA. Similarly, untreated
as well as treated OSA was associated with
a substantially higher risk of incident
CHD, strokes and CKD. In addition, the
slope of eGFR was more than doubled in
untreated patients with OSA (−0.87 (IQR
−3.00 to 0.70) mL/min/1.73 m2) com-
pared with patients without OSA (−0.41
(IQR −2.01 to −0.99) mL/min/1.73 m2).
This is in line with previous reports
suggesting that OSA may promote progres-
sion of kidney disease and increase
filtration fraction.13–15 As the diagnosis of
OSA and treatment with CPAP in the
study by Molnar et al8 were drawn
from ICD-9-CM (The International
Classification of Diseases, Ninth Revision,
Clinical Modification) codes, there are no
data available on the actual sleep study
and thus the severity of OSA. In addition,
the real impact of CPAP treatment on
kidney function is difficult to assess
because there are no data on actual CPAP
usage. Last but not least, potential under-
lying mechanisms remain speculative.
Again increased sympathetic activity,
increased blood pressure and consecutive
endothelial dysfunction seem likely
mechanisms to explain the observed asso-
ciation between OSA and impaired renal
function.

Although such large observational studies
have added significantly to the literature in
the past and still do, they are prone to bias
and are unable to establish a causal relation-
ship between OSAS and its proposed detri-
mental systemic consequences. To date
there are no data from randomised con-
trolled trials, proving that treatment of
OSAS is associated with fewer
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cardiovascular events and improved mortal-
ity. Furthermore, observational studies do
not allow a thorough investigation of the
underpinning biological mechanisms,
which seems crucial if we want to under-
stand the disease and advance the develop-
ment of novel treatment strategies. So is
there enough evidence to inform our collea-
gues from cardiology, neurology and neph-
rology that we have found a modifiable risk
factor and they should look out for it? I
doubt it. This would require yet another
approach to answer the question. A real-life
screening trial looking at the long-term
effect of randomising high-risk subjects for
OSA to either a sleep study or none would
be a possibility. If such a screening trial
would show that relevant outcomes, that is,
cardiovascular events and mortality, can be
improved by performing a sleep study and
initiating treatment if indicated, then we
would indeed have enough evidence. To
have enough power such a screening trial
would need to include tens of thousands of
participants to detect a clinically relevant
difference in vascular event rates. So the
books are not closed yet, let’s get working!
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