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EDITORIAL

Sleep apnoea syndrome: how will physiologic
knowledge position personalised medicine?

F. Séries

nocturnal choking and noise-related partner sleep

disturbances. There is now a body of literature de-
monstrating the huge impact of these nocturnal respiratory
disturbances on tissular and systemic inflammatory processes,
oxidative stress and endothelial dysfunction, as well as
imbalance in sympathetic/parasympathetic activities. These
factors interact to favour the development of systemic
impairments that include alterations in vigilance/cognition,
metabolic disturbances, vascular remodelling and athero-
sclerosis, making way for hypertension, ischaemic heart
disease, heart failure, glucose intolerance/diabetes and non-
alcoholic steatohepatitis. In the present issue of the European
Respiratory Review, the article by LEvy et al. [1] perfectly
illustrates the need for a multi-dimensional approach in the
management of this disease by piecing together the up-to-
date parts of the puzzle represented by the knowledge on
pathophysiology, investigations, mechanisms of comorbidity
and treatment alternatives. The authors clearly demonstrate
that investigating and treating sleep apnoea patients is not only
a way to provide silent and quiet nights to patients and their
environment, but that the investigation and treatment must be
integrated into strategies aimed at preventing the development
of comorbid conditions that, nowadays, are recognised as
being independently associated with sleep apnoea phenotype.
This article also highlights the fact that the mechanisms
responsible for the occurrence of sleep apnoea, as well as for
the metabolic consequences of the disease, may be individually
modulated so that treatment strategies and expected benefits
from a sleep apnoea cure may be heterogeneous.

T he sleep apnoea field is no longer only a matter of

From a mechanical point of view, WELLMAN ef al. [2] recently re-
ported that different physiological traits (pharyngeal anatomy/
collapsibility, ventilatory loop gain, mechanical effectiveness of
upper airway muscles recruitment and arousal threshold) may
separately account for the occurrence of upper airway instabil-
ity. Identifying the factor(s) responsible for upper airway closure
in a given individual may open the door to different therapeutic
approaches that have may not be effective when not taking into
account the underlying mechanisms of upper airway collapse.
In this context, strategies aimed at reducing loop gain (oxygen
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and acetazolamide), arousal threshold (sedatives) and/or
improving upper airway gain (drug or nerve stimulation-
induced upper airway muscles stimulation) could be selectively
targeted depending on identified physiological defects. The
same reasoning can be applied to new factors recently identified
as being involved in the occurrence of sleep-disordered breath-
ing (SDB) (i.e. leg fluid shift). Changes in neck circumference and
in leg fluid volume were initially found to account for 67% of the
variance of the apnoea/hypopnoea index (AHI) while factors
considered as classical determinants of sleep apnoea risk (body
mass index and neck circumference) were not found to influence
this index [3]. Such dramatic impact of changes in leg fluid
volume could represent a new therapeutic target (i.e. diuretics,
elevation of the head and shoulders and prevention of daytime
accumulation of fluid in the legs). This was recently tested in a
non-randomised open study in non-obese sedentary males [4].
Wearing compression stockings during the daytime was found
to be very effective in decreasing leg fluid shift but AHI
improvement was half of that anticipated from the previous
observation [3], despite the fact that the selected patients should
have been particularly prone to improved breathing abnormal-
ities when decreasing changes in leg fluid volume. This can be
partially accounted for by the fact that important determinants
of nocturnal breathing disturbances, such as body and neck
position, have not been taken into account. Furthermore, the
influence of leg volume shift on AHI was not found in a larger
population including more obese subjects [5]. Such discrepan-
cies demonstrate the need to refine the phenotypic characterisa-
tion of patients in whom modification in leg fluid shift could
improve nocturnal breathing disturbances when taking into
account that in the studies by REDOLFI and co-workers [3, 4],
participants did not receive any medication similar to the
majority of patients actually referred to sleep clinics (i.e. anti-
hypertensive drugs).

LEvy et al. [1] clearly illustrate the important progression in the
understanding of sleep apnoea cardio-metabolic consequences
and the need for sleep apnoea treatment in a strategy aimed at
decreasing such a risk, as well as the complexity of the
interaction between potential important factors. This may
contribute to the fact that sleep investigations still do not
belong to the cardio-metabolic risk evaluation (i.e. in individ-
uals with abdominal obesity, hypertension, type-2 diabetes
and dyslipidaemia). It is now recognised that obstructive sleep
apnoea/hypopnoea syndrome (OSAHS) and short sleep
duration have a significant impact on metabolic dysfunction.
The prevalence of metabolic syndrome is significantly higher
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in OSAHS than in the overall population and obese apnoea-
free subjects [6]. Results of large epidemiological studies
suggest that recurrent oxygen desaturation is associated with
metabolic disturbances independent of obesity [7]. Short sleep
duration is associated with weight gain and obesity [8]. Both
cross-sectional and prospective studies reported a higher
degree of metabolic disturbances and hypertension in poor
sleepers [9, 10]. These data have been confirmed by experi-
mental models in humans aimed at modifying sleep duration
or quality [11, 12]. Normalisation of SDB may improve several
determinants of cardio-metabolic risk, such as improvement
in lipid profile and glycaemic control, decrease in visceral
adipose tissue and decrease in autonomic sympathetic activity
[13, 14]. However, such improvements are not systematically
reported [15, 16], even when taking into account the effects of
treatment compliance and obesity, and the metabolic impact of
OSAHS treatment is highly variable. The observations, there-
fore, suggest that SDB may differentially affect metabolic
function depending on: 1) the nature/intensity of sleep
apnoea-related stimuli; 2) their pathophysiological impact on
metabolic pathways; and 3) genetically determined sensitivity
to the various physiological consequences of SDB. The lack of
precise identification of the sleep and respiratory variables
and/or metabolic characteristics that predict which subjects
will benefit from sleep apnoea treatment largely contributes to
the absence of sleep investigation conducted as part of the
cardio-metabolic risk evaluation in general medical practice.

Intermittent hypoxia and sleep fragmentation are thought to
play a key role in the development of metabolic disturbances
through the activation of the sympathetic nervous system and
pro-inflammatory pathways (reactive oxygen species, inflam-
matory cytokines and hyperlipidaemia). Therefore, the target
population that would benefit from SDB treatment could,
theoretically, be identified by abbreviated recordings, such as
nocturnal oximetry. However, the conventional threshold used
to identify desaturation events (4% fall in arterial oxygen
saturation) underestimates the association of SDB with
glycaemic status abnormalities, with the latter being more
strongly linked with lower grade desaturation events [17].
Furthermore, the increase in risk for developing diabetes
overtime is increased in OSAHS independent of the decrease
in arterial oxygen saturation [18]. However, sleep fragmenta-
tion due to cortical and autonomic arousals accounts for
alterations in sympathetic/parasympathetic activity, and
the simultaneous presence of metabolic syndrome and sleep
apnoea further increases sympathetic activity and worsens
glycaemic control, even after adjustment for body mass index
[19]. Alteration in glucose metabolism and sympatho-vagal
balance has been observed in normal subjects following two
nights of experimental sleep fragmentation [20]. The effects of
sleep restriction or alteration (loss of slow wave sleep) may
further worsen the metabolic disturbances through their
consequences on appetite regulation (leptin/ghrelin imbal-
ance), increase in sympathetic activity, growth hormone re-
lease and activation of the hypothalamic-pituitary—adrenal
axis. Finally, the susceptibility to nocturnal respiratory/
autonomic stimuli may also relate to the individual metabolic
status, but this issue is difficult to assess due to the paucity
of published data evaluating the influence of SDB on the
metabolic profile of subjects with metabolic syndrome. It must
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be acknowledged that no data are available in such a
population concerning fat distribution (intra-abdominal versus
subcutaneous), adipokines, chemokines and inflammatory cell
profiles. However, genetic determinants of metabolic disturb-
ances may play an important role in the development/
worsening of metabolic syndrome/type-2 diabetes. Such
genetic predisposition has been reported with angiotensin
converting enzyme gene polymorphisms when linking SDB
with the risk for hypertension [21]. Similar findings have been
reported for P-adrenergic receptors [22], tumour necrosis
factor-o. and cytokines [23] but the link with the efficacy
of SDB treatment has not yet been evaluated. Therefore,
nocturnal phenotyping including assessment of sleep duration
and fragmentation, quantification of nocturnal desaturation in
addition to metabolic phenotype and gene polymorphisms,
should represent the optimal targets to characterise the
conditions favouring the development of sleep apnoea-related
metabolic disturbances and identify subjects whose cardio-
metabolic markers should versus should not improve following
sleep apnoea treatment.

A better understanding of sleep apnoea mechanisms and of the
tight and complex interaction between factors implicated in the
cascade of systemic and metabolic disturbances puts into
perspective the challenges the sleep apnoea field faces in the
next decade. This highlights the need to conduct both
mechanistic and basic science physiological studies aimed at
developing personalised treatment approaches since random-
ised clinical trials cannot be tailored to reach these goals.
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