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EUROPEAN RESPIRATORY UPDATE

Sleep apnoea syndrome in 2011: current concepts and
future directions
P. Lévy, R. Tamisier, C. Minville, S. Launois and J-L. Pépin

n the past two decades, obstructive sleep apnoea (OSA) has
been identified as a common clinical condition. Epidemiological studies have confirmed a high prevalence of the
disease in middle-aged adults. Upper airway collapse occurring during sleep in OSA is still not fully understood but new
directions, such as pharyngeal neuropathy and fluid shift
towards the neck, have been reported, in addition to obesity
and craniofacial changes. OSA is associated with significant
excessive daytime sleepiness and cognitive impairment, as
well as marked cardiovascular and metabolic morbidities,
leading to a significant increase in mortality. Sympathetic
activation, oxidative stress and systemic inflammation have
been shown to be the main intermediary mechanisms associated with sleep apnoea and intermittent hypoxia. There are
now convincing data regarding the association between
hypertension, arrhythmias, stroke, coronary heart disease,
increased cardiovascular mortality and OSA. Data in OSA
models and animal models are now available that support the
link between sleep apnoea and atherosclerosis and dysmetabolism. Whether treating sleep apnoea enables chronic
cardiovascular and metabolic consequences in OSA to be
reversed remains to be established in adequately designed
studies, particularly in comparison with usual treatment
strategies. In addition, large randomised controlled trials are
currently being conducted that will enable a rationale for
treatment in various subsets of patients to be established,
taking into account age, sex and comorbidities. Also, specific
conditions, such as central sleep apnoea (CSA) associated with
left ventricular failure and obesity hypoventilation syndrome,
have been studied more actively in recent years with regard to
pathophysiology and treatment. There is a need to pay closer
clinical attention to these conditions and to set up adequate
clinical trials.

I

OSA syndrome corresponds to recurrent episodes of partial or
complete pharyngeal collapse during sleep. It is a growing
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Upper airway collapse is multifactorial. Upper airway size,
which is significantly affected by obesity and craniofacial
changes, is known to play a major role. Nevertheless, the upper
airway increase in collapsibility and the inadequate neuromuscular response, both of which occur during sleep in OSA
patients, remain largely unexplained [2]. There are, however,
new promising research directions that have been explored in
recent years, i.e. pharyngeal neuropathy [3, 4], ventilatory
instability [5] and fluid shift towards the pharynx [6, 7].
OSA is a serious health hazard that is now recognised as an
independent risk factor for hypertension, arrhythmias, stroke
and coronary heart disease [8–11]. A peak in sudden death
during the night and an increased rate of cardiovascular
morbidity and mortality has been observed in patients with
OSA [8, 9]. Sleep apnoea is also associated with several
cardiovascular sub-clinical or clinical conditions including
diastolic hypertension [12], diastolic ventricular dysfunction
[13, 14] and early atherosclerosis [15], as well as conditions
leading to long-term cardiac pacing [16].
OSA comprises of different types of respiratory events that
occur during sleep. According to the severity of the upper
airway obstruction, the obstructive events may lead to various
stimuli, such as oxygen and carbon dioxide cyclical changes,
progressive negative intra-thoracic pressure changes during the
obstructive event, and arousal terminating the obstructive
event. However, the desaturation–reoxygenation sequence is a
typical pattern that is coupled with a majority of respiratory
events and thought to be responsible for most of the associated
cardiovascular morbidity. This sequence leads to oxidative
stress and the production of reactive oxygen species (ROS) [17].
Numerous studies have reported increased oxidative stress
using various biological markers, although comorbidities such
as diabetes, hypertension or obesity may account for part of
these results [17–21]. The increased levels of ROS contribute
to generation of adhesion molecules [22, 23], activation of
leukocytes [24, 25] and production of vascular and systemic
inflammation [26–28]. All these mechanisms are presumably
responsible for vascular endothelium damage. They have been
extensively studied in intermittent hypoxia model in rodents
[29] and more recently in normal volunteers [30, 31].
OSA outcomes have been extensively studied in the past decade
and well-controlled studies have been published since 1999.
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health concern affecting up to 5% of middle-aged males and
females in the general population [1].
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Sleepiness, attention deficits, blood pressure and metabolic
changes have been assessed in randomised controlled trials.
On-going studies are currently being performed in the USA,
Spain [32, 33], Australia and China as part of the SAVE (Sleep
Apnoea Cardiovascular Endpoints) trial. This trial will provide
additional information to longitudinal cohort studies [34] or
short-term intervention studies [35, 36]. Although there is
growing evidence that continuous positive airway pressure
(CPAP) is effective regarding sleepiness, daytime functioning
and blood pressure, it is also clear that most OSA chronic
consequences may not be fully reversed by CPAP alone.
Residual sleepiness may persist despite CPAP treatment [37,
38], although longer CPAP use may be required [37]. Blood
pressure may not be fully controlled with CPAP [39]. CPAP
induced metabolic changes seem to be limited, at least in obese
subjects [40, 41]. Combined therapy associating CPAP and
drugs targeting oxidative stress or inflammation should be
further validated. Oral appliances have been extensively
studied and used in clinical practice in the past decade. The
effectiveness on symptoms in mild-to-moderate OSA appears to
be comparable to CPAP [42, 43]. Oral appliance effects on
cardiovascular and metabolic outcomes remain to be studied
further. Other treatments remain to be developed, such as drugs
targeting upper airway muscle activity and hypoglossal nerve
stimulation. In the context of epidemic obesity, weight loss
using either very low energy diet or bariatric surgery should be
considered in obese subjects [44, 45].
UPPER AIRWAY COLLAPSE
Upper airway collapse is characteristic of OSA [46]. The overall
mechanisms may be summarised as follows: ‘‘upper airway
collapse is initiated because the wakeful state provides
compensatory neuronal activation of dilator muscles in an
anatomically compromised collapsible pharynx; accordingly,
when this activation is lost at sleep onset, the airway narrows
and/or collapses’’ [47]. Pharyngeal collapse occurrence is,
therefore, multifactorial, including reduction in upper airway
volume [48], increase in pharyngeal collapsibility [49], changes
in upper airway resistance during sleep occurring both during
inspiration and expiration [50, 51], changes in pharyngeal
muscle activity [52–55] and alteration in upper airway
protective reflex [4], possibly resulting from denervation
induced by prolonged heavy snoring and associated vibratory
lesions of the pharynx [3].
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or positive (.1 cmH2O), a significant correlation was found
between loop gain and apnoea/hypopnoea index (AHI) but
only in the atmospheric group. Thus, it seems that ventilatory
stability has a substantial impact on apnoea frequency in
certain patients with sleep apnoea, particularly those with a
pharyngeal closing pressure near atmospheric [5].
Obesity is present in ,40% of OSA patients. The impact of
body weight on OSA [44, 57–59] is unlikely to be explained
only by mechanical factors. The biological factors linking
upper airway patency and obesity remain largely unknown
although leptin and leptin resistance may play a role. Leptin
and other pro-inflammatory cytokines may potentially contribute to the local inflammatory response reported in the
upper airway tissues of OSA patients [3, 60]. Overall, the
concept that adipocyte-derived circulating factors can impact
on respiratory control of the upper airway or act on the upper
airway directly to contribute to the pathogenesis of OSA is
intriguing, but currently lacking clear supporting data [47].
Among the new research areas, pharyngeal neuropathy [3, 4] is
promising. There is evidence that pharyngeal nerve alterations
can occur in OSA [61]. We have also evidenced that sleep
apnoea may occur in the absence of any favouring factor in the
context of neuropathy [62]. In OSA, there is a clear link
between inflammation and denervation at the pharyngeal level
[3]. This is associated with pharyngeal sensory impairment
[4, 63, 64], which may contribute to upper airway collapse.
Whether this is a primary determinant or a secondary consequence in the upper airway collapse remains to be determined and is still a conflicting issue.

The critical closing pressure (Pcrit) of the passive airway is
defined as the pressure inside the airway at which the airway
collapses. This defines collapsibility and has been studied for
.20 yrs in OSA. In the past, pharyngeal collapsibility has been
studied and correlated with respiratory stability in OSA
patients [5]. The tendency toward instability depends on the
respiratory control system’s ‘‘loop gain,’’ a term which defines
the ‘‘gain’’ of the negative-feedback loop which regulates
ventilation in response to a ventilatory disturbance [56]. If the
magnitude of the increase in ventilation is greater than or equal
to the magnitude of the preceding apnoea or hypopnoea, i.e. a
high loop gain, then the system is highly unstable and will
fluctuate between under- and over-ventilation [47]. Loop gain
can be measured by sequentially increasing proportional assist
ventilation until periodic breathing develops. In a study where
Pcrit was negative (, -1 cmH2O), atmospheric -1 to +1 cmH2O

Finally, an emerging concept is the role of leg fluid shift in
sleep apnoea. A group from Toronto (ON, Canada) hypothesised that leg fluid shift may predispose to upper airway
collapse. In the report healthy subjects were randomised to
a control period or to application of lower body positive
pressure (LBPP) of 40 mmHg via anti-shock trousers to
displace fluid from the legs [7]. Application of LBPP caused
a significant reduction in leg fluid volume (LFV) and a
significant increase in neck circumference. Pharyngeal resistance significantly increased from baseline after 1 and 5 min of
LBPP. The authors concluded that these results supported the
hypothesis that fluid displacement to the upper body during
recumbence may predispose to pharyngeal obstruction during
sleep, especially in fluid overload states, such as heart and
renal failure [7]. They further evidenced in healthy subjects
that displacement of fluid from the legs by LBPP caused
distension of the neck and narrowing of the upper airway
lumen [65], as well as an increase in upper airway collapsibility
[66]. In non-obese OSA the changes in LFV and neck
circumference were assessed from the beginning to the end
of the night, and during the time spent sitting throughout the
previous day [6]. The overnight change in LFV correlated
strongly with the AHI, the change in neck circumference and
the time spent sitting (fig. 1). Multivariate analysis showed
that the only significant independent correlates of the AHI
were overnight changes in LFV and neck circumference, which
together explained 68% of the variability in AHI among the
subjects [6]. In a recent report investigating a small subset of
OSA patients, the authors evidenced that wearing compression
stockings during the day reduced the AHI by decreasing the
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FIGURE 1.

Correlation between leg fluid volume (LFV) displacement mea-

sured by electrical impedance and apnoea/hypopnoea index (AHI) in non-obese

markers have not been found to be consistently increased in
OSA. Obesity and the various associated comorbidities may
account for the conflicting results regarding high sensitivity
C-reactive protein (CRP) in OSA. Although CRP is found to be
increased in several studies [28, 79–81], other reports failed to
demonstrate any linear relationship with the severity of OSA
[82]. Moreover, a randomised controlled trial [83] did not
evidence any significant effect of CPAP, the reference treatment of OSA, on CRP when compared with sham-CPAP, a
system delivering very low pressure with no impact on upper
airway collapse. Obesity however remains a major confounding factor. A correlation between both leukotrienes (LTs) and
urinary isoprostane production was evidenced with vascular
remodelling in OSA [84, 85]. However, urinary LTE4, a
validated marker of pro-inflammatory cysteinyl LT production, was mainly related with obesity and, to a lesser extent,
hypoxia severity (fig. 2) [77].

obstructive sleep apnoea. r 5 -0.802, p,0.001, n523. Reproduced from [6] with
permission from the publisher.

amount of fluid available for displacement into the neck
overnight by 40%, leading to a median reduction in neck
circumference of 42% [67]. They also evidenced a major
contribution of LFV to sleep apnoea in heart failure, with
higher fluid displacement overnight in heart failure patients
exhibiting CSA-Cheyne–Stokes Respiration (CSA-CSR) [68]. In
hypertensive subjects, rostral fluid displacement strongly
correlated to the severity of OSA with a greater magnitude in
drug-resistant hypertension [69]. There are currently on-going
studies investigating therapeutic interventions using diuretics
in the afternoon or exercise in order to reduce leg fluid
accumulation. Whether LFV shift is such a major contributing
factor in sleep apnoea remains to be further studied and
confirmed by other research groups.
OSA, INTERMITTENT HYPOXIA AND CARDIOVASCULAR
AND METABOLIC CONSEQUENCES
Intermittent hypoxia, inflammation and oxidative stress
The desaturation–reoxygenation sequence is a typical pattern
coupled with a majority of respiratory events, resulting in
intermittent hypoxia. This leads to oxidative stress and the
production of ROS [17]. This has been shown using various
biological markers although comorbidities such as diabetes,
hypertension and obesity per se may contribute [17–20]. Increased ROS levels lead to increased expression of adhesion
molecules [22], activation of leukocytes [24] and production of
systemic inflammation [70]. Taken together, these mechanisms
lead to vascular endothelium damage and dysfunction [71, 72].
Both systemic inflammation and endothelial dysfunction are
aggravated when sleep-disordered breathing (SDB) is associated with other comorbid conditions, such as morbid obesity
and chronic respiratory failure (i.e. obesity hypoventilation syndrome, OHS) [73] or chronic obstructive pulmonary
disease, i.e. overlap syndrome [74]. The role of obesity per se
remains highly controversial as in some studies SDB seems to
be the only contributing factor of vascular inflammation and
dysfunction [75], while obesity has been evidenced as a source
of oxidative stress and inflammation [76, 77].
Oxidative stress generates an inflammatory cascade via nuclear
factor (NF)-kB activation [76, 78]. However, inflammatory
136
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Intermittent hypoxia animal models: an appropriate model
for studying OSA cardiovascular consequence
mechanisms
Animal models have been extensively used in the field. The
most frequently used is the chronic intermittent hypoxia
model, which mimics the major consequence of OSA [29].
Starting from the early evidence provided by FLETCHER et al.
[86] that intermittent hypoxia during night resulted in a
daytime increase in blood pressure, there have been many
reports on intermittent hypoxia effects, mainly on the cardiovascular system. Vascular reactivity has been shown to be
altered in rodents [87–90]. Many biological and pathophysiological changes have been linked to intermittent
hypoxia, i.e. alteration in baroreflex activity [91], increase in
pulmonary arterial pressure and haematocrit [92], changes
in heart structure and function [93], and an alteration in
endothelial dependent vasodilation in cerebral and muscular
arteries [94]. In addition, an increased response to endothelin (ET)-1 was also demonstrated [89], presumably almost
exclusively mediated by ET-A receptors [95]. We recently
confirmed the role of the ET-A receptors, overexpressed in the
heart during intermittent hypoxia in spontaneously hypertensive rats and responsible for both an increase in blood pressure
(BP) and heart sensitivity, to ischaemia [96]. Sensitivity to
ischaemia is altered during intermittent hypoxia; it is reduced
when intermittent hypoxia is acute, acting as a preconditioning
stimulus [97], while increased when intermittent hypoxia is
chronic [98]. ET-1 receptors might represent an adequate
pharmacological target requiring further testing. An intermittent hypoxia associated increase in BP may involve sympathoadrenergic hyperactivity [99, 100], as well as ET [96, 101] and
renin-angiotensin [87], with all of them also being known to be
involved in inflammation and vascular remodelling [102].
Intermittent hypoxia, atherosclerosis and elevated BP
Elevated BP has been shown to be associated with exacerbated
chemoreflex whereas baroreflex, which is protective for the
vascular wall, was decreased [100]. Interestingly, in intermittent
hypoxia mice with BP elevation and baroreflex attenuation,
a decreased immunostaining of the endothelial cell marker
platelet endothelial cell adhesion molecule-1 was found, with a
topographic distribution pattern in the heart and thoracic aorta
that was highly suggestive of haemodynamic strains [100].
EUROPEAN RESPIRATORY REVIEW
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a) Correlation between leukotriene (LT)B4 and carotid luminal diameter in vascular remodelling in obstructive sleep apnoea (OSA). b) Correlation between

urinary isoprostanes, a marker of oxidative stress, and intima media thickness in vascular remodelling in OSA. r50.532, p,0.001. c) Correlation between isoprostanes and
severity of OSA, i.e. cumulative time spent at ,90% arterial oxygen saturation (Sa,O2). r 50.478, p50.002. d) Inverse correlation between LTB4 and mean Sa,O2. r 50.53,
p,0.001. e) Influence of body weight on LTE4. #: p,0.0001; ": p50.18; +: p50.11. a) Reproduced from [84], b, c) reproduced from [85] and e) reproduced from [77] with
permission from the publishers. d) Data from [84].

Systemic inflammation plays a key role in atherogenesis [103,
104]. In vivo and in vitro studies with intermittent hypoxia have
demonstrated the activation of the pro-inflammatory transcription factor NF-kB in cardiovascular tissue in mice [105], and a
selective dose-dependent NF-kB activation in a cell-culture
model [78]. This intermittent hypoxia-induced NF-kB activation
could target the increased pro-inflammatory NF-kB-dependent
genes, such as adhesion molecules (soluble intracellular adhesion molecule-1 and soluble vascular adhesion molecule) that
have been reported as activated in OSA patients [23, 25, 106].
Indeed, a very short-term exposure of only 3 h to experimentally induced obstructive apnoeas in rats can lead to increased
leukocyte rolling, reflecting leukocyte-endothelial cell interaction and expression of P-selectin in colonic veinules [107]. We
recently found that intermittent hypoxia led to early systemic
and vascular inflammatory alterations including splenic T-cell
activation, chemokine expression and increased expression of
adhesion molecules in small and large arteries, as well as
structural remodelling [108].

growing demands and waiting lists in most sleep centres, new
diagnostic tools and screening strategies are required.
Commercially available and relatively inexpensive portable
monitors [111, 112] might facilitate earlier recognition of
disease and faster initiation of treatment, thereby reducing
the healthcare burden associated with OSA. However, highquality clinical trials are needed to compare home versus inlaboratory testing in terms of treatment outcomes in diverse
patient populations, to evaluate their cost-effectiveness and to
construct appropriate decision-analysis models [113].
Otherwise, regarding screening, an interesting and promising
strategy has been studied in a paediatric population where a
proteomic approach revealed that OSA was associated with
specific and consistent alterations in urinary concentrations
of specific protein clusters [114]. Future studies aimed at
validating this approach as a screening method of snoring
children and adults are warranted.

OSA DIAGNOSIS
Traditional OSA diagnosis based on costly and labourintensive polysomnography in a sleep laboratory limits
patient’s access to diagnosis and treatment [109, 110]. With

OSA CONSEQUENCES AND TREATMENT
Cardiovascular morbidity and mortality associated with sleep
apnoea has been extensively studied in the last decade. Data
supporting an association between sleep apnoea and hypertension, stroke, arrhythmias, coronary heart disease, as well
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as overall cardiovascular mortality, have been previously
reported [34, 115, 116]. The mechanisms supporting this
relationship are essentially those that have been previously
described regarding intermittent hypoxia in animal or cellular
models [117, 118].
Hypertension can be caused by OSA, as is now recognised in
international guidelines [119, 120]. Although not fully understood, the role of hypoxia in promoting an increase in BP seems
prominent, as evidenced both in animal models [121] and more
recently in a model that was developed in normal volunteers
[30, 31]. In this particular model, it is noticeable that intermittent
hypoxia during the night does not produce an immediate
increase in BP, presumably due to vasodilation occurring in
response to intermittent hypoxia counteracting the effects of
sympathetic activation. [31]. However, there is a sustained

increase in sympathetic activity that seems to be responsible for
the daytime increase in BP that was observed in these subjects
after one night of intermittent hypoxia, aggravated after 13
nights and still persistent, although not statistically significant,
after 5 days intermittent hypoxia exposure withdrawal (figs
3–5) [31]. BP response to CPAP appears to be dependent on sleep
apnoea severity [35, 122, 123]. Whether sleepiness is critical in
predicting the CPAP reduction in BP is still under debate [123–
125], but it is probably unlikely [33]. In any case, the reduction of
BP obtained when treating OSA seems relatively limited [33, 123,
126] and far from what has been reported in initial reports [122],
even when including only hypertensive patients [33, 126].
Finally, the antihypertensive effect of CPAP and an antihypertensive drug (valsartan) was compared. The CPAP-induced
BP reduction was small (24 h mean BP 2.1¡4.9 mmHg) and
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The intermittent hypoxia model in normal volunteers. Subjects were exposed to a low inspiratory oxygen fraction (13%) and were maintained at an arterial

oxygen saturation measured by pulse oximetery (Sp,O2) of 92% using oxygen nasal flow delivery, which was stopped every 120 s for 20 s. This produced 30 oxygen
desaturations per hour. Representive nocturnal oxymetric traces of a) an obstructive sleep apnoea (OSA) patient over 8 h, b) a healthy subject exposed to intermittent hypoxia
for 6 h, c) an OSA patient for 30 mins and d) a healthy subject exposed to intermittent hypoxia for 50 mins. e) The setting for intermittent hypoxia in healthy subjects.
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Exposure to intermittent hypoxia after 13 nights led to an increase in

sympathetic activity measured by muscle sympathetic nerve activity (MSNA).
Representive MSNA neurograms from healthy subjects a) before and b) after
exposure to intermittent hypoxia. c) Sympathetic activity expressed as MSNA bursts
before and after exposure. Reproduced from [31] with permission from the publisher.

significantly lower than that induced by valsartan (-9.1¡7.2
mmHg). However, a synergistic effect between CPAP and
valsartan was demonstrated [126]. Adequate BP control in
hypertensive OSA patients probably needs a treatment with an
appropriate antihypertensive drug in addition to CPAP.
Atherosclerosis
Several reports have established that sleep apnoea, without
otherwise significant cardiovascular risk factors, may lead to
early atherosclerosis as reflected by increased intima media
thickness and occurrence of plaques at the carotid arteries level
[15, 127–129]. In a group of OSA patients without known
cardiovascular disease, severity of oxygen desaturation and BP
status were the best predictors for carotid wall hypertrophy
and occurrence of plaques was also strictly related to the
amount of oxygen desaturation [15]. As previously mentioned,
vascular remodelling correlated with both sleep apnoea
severity and biological markers of atherosclerosis in OSA
[84, 85]. It has been shown that both hypertension and the
metabolic syndrome have an additive effect on OSA vascular
remodelling [130, 131]. This is consistent with sleep apnoea
contribution on metabolic dysregulation and systemic inflammation in patients with metabolic syndrome [132]. DRAGER et al.
[133] also suggested that CPAP treatment may reverse early
atherosclerosis in sleep apnoea.
EUROPEAN RESPIRATORY REVIEW

Metabolic changes
There have been several studies reporting an independent
association of OSA with several components of the metabolic
syndrome, particularly insulin resistance and abnormal lipid
metabolism [134–136]. This association may further increase
cardiovascular risk since the syndrome is recognised to be a
risk factor for cardiovascular morbidity and mortality [137,
138]. Recent reports have indicated that the majority of patients
with type 2 diabetes also have OSA. Rapidly accumulating
data from both epidemiologic and clinical studies [139, 140]
suggest that OSA is independently associated with alterations
in glucose metabolism and places patients at an increased risk
of the development of type 2 diabetes. OSA-related factors that
may contribute to metabolic dysregulation include increased
sympathetic activity, due to sleep fragmentation and intermittent hypoxia. However, intermittent hypoxia contributes to
decrease glucose utilisation of oxidative muscle fibres, independently of autonomic nervous system activation [141].
Intermittent hypoxia also seems to be responsible for increased
beta-cell proliferation and cell death, the latter being due to
oxidative stress [142]. Intermittent hypoxia results in an
increase in serum cholesterol and phospholipids levels, upregulated triglycerides and phospholipids biosynthesis, and
inhibited cholesterol uptake in the liver [143]. Finally, liver
inflammation and fibrosis appear to result from intermittent or
nocturnal hypoxia [144–147].
Even though there is emerging evidence that the relationship
between type 2 diabetes and OSA is at least partially independent
of adiposity [134, 148], there are several important limitations in
the published literature that do not allow us to establish causality
i.e. cross-sectional studies, use of snoring as a surrogate marker of
OSA, various assessments of glucose metabolism and type 2
diabetes. In addition, CPAP treatment assessment suggests that
in obese individuals insulin sensitivity is likely to be determined
primarily by obesity and, to a lesser extent, by sleep apnoea [149].
This was confirmed in two randomised controlled trial evaluating metabolic outcomes with therapeutic or sham CPAP in nondiabetic [150] and diabetic patients [151]. In both studies, there
was no change in glucose, lipids, insulin resistance or the
proportion of patients with metabolic syndrome in obese
subjects. However, there is a recent randomised controlled trial
providing conflicting data, at least in the case of moderate
obesity, with a significant improvement in insulin sensitivity
after 1 week and 12 weeks of CPAP treatment [152]. Sleepiness
may be associated with higher insulin resistance and worst
metabolic response to CPAP [153], although recent studies found
no metabolic difference among sleepy and non-sleepy OSA
patients [132, 154].
CPAP treatment: duration of treatment
A major issue is the optimal duration for CPAP use [155].
There is little data to establish a clear threshold. However, it
seems that excessive daytime sleepiness and daytime functioning including cognitive functioning improvements are dependent upon CPAP duration [37]. In this particular study,
thresholds above which further improvements were less likely
relative to nightly duration of CPAP were identified for
Epworth Sleepiness Scale score (4 h), multiple sleep latency
test (6 h), and functional outcomes associated with sleepiness
questionnaire (7.5 h). A linear dose–response relationship
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FIGURE 5.

24-h blood pressure profile after a, d) one night of intermittent hypoxia (IH) exposure, b, e) 13 nights IH exposure and c, f) 5 days after cessation of exposure.

––––: pre-exposure; – – – –: post-exposure. u: IH. Reproduced from [31] with permission from the publisher.

between increased use and achieving normal levels was shown
for objective and subjective daytime sleepiness [37]. Overall,
this tends to demonstrate that usual thresholds used in various
countries, i.e. 3 or 4 h, are insufficient to suppress OSA
consequences. This also appears to be the case with regard to
blood pressure. It has been suggested from meta-analysis that
the obtained reduction in blood pressure with CPAP is more or
less related with increasing use [123]. Moreover, BARBÉ et al.
[33] demonstrated that CPAP treatment for 1 yr was associated
with a small decrease in BP in non-sleepy OSA patients but
only in patients who used CPAP for .5.6 h per night [33].
Finally, even with an optimal duration of CPAP use, there is
a small subset of patients still presenting with clinically
significant residual excessive daytime sleepiness. In a recent
multicentre study, this proportion of OSA patients was
evaluated at ,6% [38].
SPECIFIC SDB: CSA IN HEART FAILURE AND OBESITY
HYPOVENTILATION
Congestive heart failure (CHF) in Western societies is a major
health issue considering its medical, social and economic
consequences [156, 157]. Sleep breathing disorders are common in CHF, and pathophysiologies of both conditions are
closely linked. The need to specifically identify and treat such
disorders for the improvement of CHF is still under debate, as
CSR might represent a marker of CHF severity. CSR with CSA
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is a breathing disorder seen in .30% of patients with advanced
CHF [158–160]. One critical and highly discussed question is
whether high incidence of CSA persists, despite the newest
heart failure treatments, as suggested by the CANPAP study
[161]. Since the publication of the CANPAP study, other data
has been published that is rather supportive of such a
reduction in CSR-CSA prevalence [162], while others found a
persistent high prevalence despite a high rate of use of bblockers [163, 164]. In any case, severity of heart failure is
critical. The diagnosis should be systematically envisaged in
severe cardiac failure patients (New York Heart Association
stage III–IV and left ventricular ejection fraction (LVEF)
,40%). Typically, patients with idiopathic dilated cardiomyopathy are the best candidates. Several factors have been
identified as risk factors for SDB namely male sex, age
.40 yrs, daytime hypocapnia and atrial fibrillation [160]. A
recent study evidenced the gap between the need and the
reality in the clinical field [165]. JAVAHERI et al. [165] analysed a
retrospective cohort study using the 2003 to 2005 Medicare
Standard Analytical Files and including subjects with newly
diagnosed heart failure from the first quarter of 2004, without
prior diagnosis of sleep apnoea, stratified by testing, diagnosis
and treatment status. Among a study population of 30,719
incident subjects with heart failure, only 1,263 (4%) were
clinically suspected to have sleep apnoea. Of these, 553 (2% of
the total cohort) received sleep apnoea testing, and 545
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received treatment. Heart failure patients, who were tested,
diagnosed and treated for CSA-CSR had a better 2-yr survival
rate compared with subjects with heart failure who were
not tested. Similarly, among subjects who were tested and
diagnosed, those who were treated had a better 2-yr survival
rate than those who were not treated [165].
There is convincing evidence that treating CSR-CSA may
improve several important surrogate markers, e.g. sympathetic
activity, brain natriuretic peptide, LVEF or quality of life [166].
However, it remains unknown whether treating CSR-CSA will
improve survival. Since the largest trial, using CPAP provided
negative results regarding survival [161], even though a post
hoc analysis was more supportive [167], there are now ongoing prospective randomised controlled trials using adaptive
servo-ventilation in CHF patients, e.g. the Serve-HF trial and
ADVENT-HF trial.
OHS is also a growing concern, particularly owing to the
increase prevalence of obesity. OHS includes both obesity and
daytime hypercapnia [168]. There is the possibility of either
hypoventilation or apnoeas or both during sleep. These
patients actually exhibit an undiagnosed daytime hypercapnia
[169]. Use of healthcare resources [170], rates of hospitalisation
and early mortality are increased in OHS patients [169]. OHS
may represent a very specific model of interaction between
adiposity and hypoxia [118]. OHS presents with leptin resistance [171], systemic inflammation and endothelial dysfunction [73]. Thus, leptin may play a central role in OHS
pathophysiology with respect to CO2 response [171–176], but
also OHS associated morbidity. Leptin may be a modulator of
respiratory drive both in obese patients [176] and in OHS
patients [175]. Both vigilance [177] and cardiovascular morbidity
may be dependent on leptin, as well as on other inflammatory
cytokines. One intriguing question is whether adipose tissue
hypoxia may occur in OHS and contribute to systemic
inflammation [118]. In addition, randomised controlled trials
are highly desirable in the field.
SLEEP APNOEA IN ELDERLY PATIENTS
Healthcare providers are faced with an increasing elderly
population and, thus, not surprisingly, sleep apnoea in the
elderly has been the focus of numerous studies in the past two
decades. Epidemiological studies have demonstrated an
increased number of respiratory events during sleep in elderly
subjects [178, 179] and sleep apnoea is highly prevalent in
subjects aged .60 yrs [180]. Questions have been raised about
the actual impact of SDB on morbidity and mortality in the
elderly and about the necessity to diagnose and treat SDB in
this specific population. Untreated SDB in the elderly appears
to have a significant impact on mortality, although it remains a
conflicting issue. In some studies, sleep apnoea was not found
to be associated with an increased mortality rate in older adults
[116], while others have demonstrated a survival advantage in
moderate apnoea syndrome suggesting, as a potential mechanism, that chronic intermittent hypoxia during sleep may
activate adaptive pathways in the elderly [181]. Conversely,
other analyses performed in general population cohorts [154]
or in selected populations, i.e. institutionalised nursing home
females [182], observed an increased mortality rate associated
with SDB independently of age. A recent study on a large
elderly cohort confirmed an increased mortality due to heart
EUROPEAN RESPIRATORY REVIEW

UPDATE ON SLEEP APNOEA

failure and stroke in OSA patients untreated with CPAP
compared to CPAP patients. However, no difference was
found in ischaemic heart disease mortality [183]. These
discrepancies among studies may potentially be explained by
the heterogeneity of the patients included in the elderly
populations. An age limit is likely to be insufficient to adequately characterise the populations. Other characteristics may
be important, as suggested by a recent study demonstrating
that the presence of SDB in the setting of excessive daytime
sleepiness appears to be a significant mortality risk factor in
older adults [184]. Overall, with the remarkable exception of
ischaemic heart disease, the typical morbidity associated with
sleep apnoea in younger adults is found in the elderly.
Regarding treatment, elderly symptomatic SDB patients tolerate CPAP no differently than younger patients, and should be
effectively treated [185–188].
In summary, whether sleep apnoea in the elderly represents a
specific entity or the same disease as in younger subjects, with
some distinctive features, is still unclear. Further research, in
particular focusing on the impact of age on sleep apnoea
outcomes, is needed.
CONCLUSIONS
Sleep apnoea, presumably mainly through intermittent hypoxia,
is associated with oxidative stress, systemic inflammation,
vascular endothelium damage and dysfunction. Both systemic
inflammation and endothelial dysfunction are aggravated when
SDB is associated with other comorbid conditions, such as
morbid obesity. Sleep apnoea is identified as being part of the
cluster of chronic metabolic disorders linked to obesity and
associated with low-grade inflammation. There are new directions regarding upper airway collapse mechanisms, such as
pharyngeal denervation and LFV shift. There is also strong
evidence supporting the association between sleep apnoea and
hypertension, stroke, arrhythmias and coronary heart disease,
as well as overall cardiovascular mortality. CPAP, the most
effective treatment of sleep apnoea, may improve cardiovascular
outcomes. A reduction in BP is obtained during CPAP treatment
but hypertension treatment may usually require antihypertensive
drugs in addition to CPAP. Atherosclerosis and metabolic
anomalies are present in OSA even in the absence of any
significant comorbidity. However, regression with OSA treatment
remains less well established.
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P. LÉVY ET AL.

48 Mayer P, Pepin JL, Bettega G, et al. Relationship between body
mass index, age and upper airway measurements in snorers and
sleep apnoea patients. Eur Respir J 1996; 9: 1801–1809.
49 Schwartz AR, Gold AR, Schubert N, et al. Effect of weight loss on
upper airway collapsibility in obstructive sleep apnea. Am Rev
Respir Dis 1991; 144: 494–498.
50 Morrell MJ, Arabi Y, Zahn B, et al. Progressive retropalatal
narrowing preceding obstructive apnea. Am J Respir Crit Care
Med 1998; 158: 1974–1981.
51 Tamisier R, Pepin JL, Wuyam B, et al. Expiratory changes in
pressure: flow ratio during sleep in patients with sleepdisordered breathing. Sleep 2004; 27: 240–248.
52 Horner RL. Motor control of the pharyngeal musculature and
implications for the pathogenesis of obstructive sleep apnea.
Sleep 1996; 19: 827–853.
53 Mezzanotte WS, Tangel DJ, White DP. Waking genioglossal
electromyogram in sleep apnea patients versus normal controls (a
neuromuscular compensatory mechanism). J Clin Invest 1992; 89:
1571–1579.
54 Berry RB, White DP, Roper J, et al. Awake negative pressure
reflex response of the genioglossus in OSA patients and normal
subjects. J Appl Physiol 2003; 94: 1875–1882.
55 Carrera M, Barbe F, Sauleda J, et al. Patients with obstructive
sleep apnea exhibit genioglossus dysfunction that is normalized
after treatment with continuous positive airway pressure. Am J
Respir Crit Care Med 1999; 159: 1960–1966.
56 Khoo MC, Kronauer RE, Strohl KP, et al. Factors inducing
periodic breathing in humans: a general model. J Appl Physiol
1982; 53: 644–59.
57 Foster GD, Borradaile KE, Sanders MH, et al. A randomized
study on the effect of weight loss on obstructive sleep apnea
among obese patients with type 2 diabetes: the Sleep AHEAD
study. Arch Intern Med 2009; 169: 1619–1626.
58 Peppard PE, Young T, Palta M, et al. Longitudinal study of
moderate weight change and sleep-disordered breathing. JAMA
2000; 284: 3015–3021.
59 Young T, Peppard PE, Taheri S. Excess weight and sleepdisordered breathing. J Appl Physiol 2005; 99: 1592–1599.
60 Series F, Chakir J, Boivin D. Influence of weight and sleep apnea
status on immunologic and structural features of the uvula. Am J
Respir Crit Care Med 2004; 170: 1114–1119.
61 Svanborg E. Upper airway nerve lesions in obstructive sleep
apnea. Am J Respir Crit Care Med 2001; 164: 187–189.
62 Dematteis M, Pepin JL, Jeanmart M, et al. Charcot-Marie-tooth
disease and sleep apnoea syndrome: a family study. Lancet 2001;
357: 267–272.
63 Kimoff RJ, Sforza E, Champagne V, et al. Upper airway sensation
in snoring and obstructive sleep apnea. Am J Respir Crit Care Med
2001; 164: 250–255.
64 Jobin V, Champagne V, Beauregard J, et al. Swallowing function
and upper airway sensation in obstructive sleep apnea. J Appl
Physiol 2007; 102: 1587–1594.
65 Shiota S, Ryan CM, Chiu KL, et al. Alterations in upper airway
cross-sectional area in response to lower body positive pressure
in healthy subjects. Thorax 2007; 62: 868–872.
66 Su MC, Chiu KL, Ruttanaumpawan P, et al. Lower body positive
pressure increases upper airway collapsibility in healthy subjects. Respir Physiol Neurobiol 2008; 161: 306–312.
67 Redolfi S, Arnulf I, Pottier M, et al. Effects of venous compression
of the legs on overnight rostral fluid shift and obstructive sleep
apnea. Respir Physiol Neurobiol 2011; 175: 390–393.
68 Yumino D, Redolfi S, Ruttanaumpawan P, et al. Nocturnal rostral
fluid shift: a unifying concept for the pathogenesis of obstructive
and central sleep apnea in men with heart failure. Circulation
2010; 121: 1598–1605.

EUROPEAN RESPIRATORY REVIEW

UPDATE ON SLEEP APNOEA

69 Friedman O, Bradley TD, Chan CT, et al. Relationship between
overnight rostral fluid shift and obstructive sleep apnea in drugresistant hypertension. Hypertension 2010; 56: 1077–1082.
70 Garvey JF, Taylor CT, McNicholas WT. Cardiovascular disease
in obstructive sleep apnoea syndrome: the role of intermittent
hypoxia and inflammation. Eur Respir J 2009; 33: 1195–1205.
71 Nieto FJ, Herrington DM, Redline S, et al. Sleep apnea and markers
of vascular endothelial function in a large community sample of
older adults. Am J Respir Crit Care Med 2004; 169: 354–360.
72 Itzhaki S, Lavie L, Pillar G, et al. Endothelial dysfunction in
obstructive sleep apnea measured by peripheral arterial tone
response in the finger to reactive hyperemia. Sleep 2005; 28: 594–600.
73 Borel J-C, Roux-Lombard P, Tamisier R, et al. Endothelial
dysfunction and specific inflammation in obesity hypoventilation syndrome. PLoS ONE 2009; 4: e6733.
74 Marin JM, Soriano JB, Carrizo SJ, et al. Outcomes in patients with
chronic obstructive pulmonary disease and obstructive sleep
apnea: the overlap syndrome. Am J Respir Crit Care Med 2010;
182: 325–331.
75 Jelic S, Lederer DJ, Adams T, et al. Vascular inflammation in
obesity and sleep apnea. Circulation 2010; 121: 1014–1021.
76 Pierce GL, Lesniewski LA, Lawson BR, et al. Nuclear factorkappaB activation contributes to vascular endothelial dysfunction via oxidative stress in overweight/obese middle-aged and
older humans. Circulation 2009; 119: 1284–1292.
77 Stanke-Labesque F, Back M, Lefebvre B, et al. Increased urinary
leukotriene E4 excretion in obstructive sleep apnea: effects of
obesity and hypoxia. J Allergy Clin Immunol 2009; 124: 364–370.
78 Ryan S, Taylor CT, McNicholas WT. Selective activation of
inflammatory pathways by intermittent hypoxia in obstructive
sleep apnea syndrome. Circulation 2005; 112: 2660–2667.
79 Yokoe T, Minoguchi K, Matsuo H, et al. Elevated levels of Creactive protein and interleukin-6 in patients with obstructive
sleep apnea syndrome are decreased by nasal continuous
positive airway pressure. Circulation 2003; 107: 1129–1134.
80 Larkin EK, Rosen CL, Kirchner HL, et al. Variation of C-reactive
protein levels in adolescents: association with sleep-disordered
breathing and sleep duration. Circulation 2005; 111: 1978–1984.
81 Lui MM, Lam JC, Mak HK, et al. C-reactive protein is associated
with obstructive sleep apnea independent of visceral obesity.
Chest 2009; 135: 950–956.
82 Guilleminault C, Kirisoglu C, Ohayon MM. C-reactive protein
and sleep-disordered breathing. Sleep 2004; 27: 1507–1511.
83 Kohler M, Ayers L, Pepperell JCT, et al. Effects of continuous
positive airway pressure on systemic inflammation in patients
with moderate to severe obstructive sleep apnoea: a randomised
controlled trial. Thorax 2009; 64: 67–73.
84 Lefebvre B, Pepin JL, Baguet JP, et al. Leukotriene B4: early
mediator of atherosclerosis in obstructive sleep apnoea? Eur
Respir J 2008; 32: 113–120.
85 Monneret D, Pepin J-L, Godin-Ribuot D, et al. Association of
urinary 15-F2t-isoprostane level with oxygen desaturation and
carotid intima-media thickness in nonobese sleep apnea patients.
Free Radic Biol Med 2010; 48: 619–625.
86 Fletcher EC, Lesske J, Qian W, et al. Repetitive, episodic hypoxia
causes diurnal elevation of blood pressure in rats. Hypertension
1992; 19: 555–561.
87 Fletcher EC, Bao G, Li R. Renin activity and blood pressure in response to chronic episodic hypoxia. Hypertension 1999; 34: 309–314.
88 Julien C, Bayat S, Levy P. Vascular reactivity to norepinephrine
and acetylcholine after chronic intermittent hypoxia in mice.
Respir Physiol Neurobiol 2003; 139: 21–32.
89 Lefebvre B, Godin-Ribuot D, Joyeux-Faure M, et al. Functional
assessment of vascular reactivity after chronic intermittent
hypoxia in the rat. Respir Physiol Neurobiol 2006; 150: 278–286.

VOLUME 20 NUMBER 121

143

c

UPDATE ON SLEEP APNOEA
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