Archives of Cardiovascular Disease (2016) 109, 494—503

"7 Archives
of Cardiovascular

“ —

Available online at Elsevier Masson France

EM|consulte

wWww.em-consulte.com/en

ScienceDirect
www.sciencedirect.com

REVIEW

Consequences of obstructive sleep apnoea
syndrome on left ventricular geometry and
diastolic function

@ CrossMark

Conséquences du syndrome d’apnées du sommeil obstructif sur la géométrie
et la fonction diastolique ventriculaire gauche

Diane Bodez?, Thibaud Damy?,
Laurie Soulat-Dufour®, Catherine Meuleman®,
Ariel Cohen®*

@ Department of Cardiology, Henri-Mondor University Hospital, Université Paris-Est-Créteil,

51, avenue du Maréchal-de-Lattre-de-Tassigny, 94010 Créteil cedex, France

b Department of Cardiology, Saint-Antoine University and Medical School,

Université Pierre-et-Marie-Curie, 184, rue du Faubourg-Saint-Antoine, 75571 Paris cedex 12,
France

¢ Department of Cardiology, Rhone Durance Clinic, 1750, chemin du Lavarin, 84000 Avignon,
France

Received 26 May 2015; received in revised form 25 January 2016; accepted 4 February 2016
Available online 22 June 2016

KEYWORDS Summary Obstructive sleep apnoea syndrome (OSAS) is a frequent sleep disorder that is

Obstructive sleep
apnoea syndrome;
Arterial
hypertension;
Left ventricle

known to be an independent risk factor for arterial hypertension (AHT). Potential confounding
factors associated with both OSAS and AHT, such as age, diabetes mellitus and obesity, have
been explored extensively, and are considered as independent but additive factors. However,
these factors are also contributors to left ventricular (LV) hypertrophy (LVH) and LV diastolic
dysfunction, both of which are important causes of cardiovascular morbidity, and have been

reported to be associated with OSAS for decades. In this review, we present an overview of how
OSAS may promote changes in LV geometry and diastolic dysfunction through its best-known car-
diovascular complication, arterial hypertension. We also summarize the epidemiological links
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between OSAS and LVH, outline diastolic dysfunction in OSAS patients, and try to highlight the
mechanisms responsible, focusing on the effect of confounding factors.

© 2016 Published by Elsevier Masson SAS.

Résumé Le syndrome d’apnées du sommeil obstructif (SASO) est un trouble du sommeil
fréquent, et un important facteur de risque d’hypertension artérielle (HTA). Les potentiels
facteurs confondants associés au SASO ainsi qu’a ’HTA, comme ’age, le diabéte, et ’obésité,
ont été largement explorés et sont aujourd’hui considérés comme des facteurs indépendants
mais additionnels. De plus, ces facteurs contribuent a la survenue d’hypertrophie ventriculaire
gauche et de dysfonction diastolique, deux conditions associées a une forte morbi-mortalité
cardiovasculaire et associées au SASO depuis des décennies. Cette revue présente une vue
d’ensemble des effets du SASO sur la géométrie ventriculaire gauche et sa fonction diastolique
par sa principale complication cardiovasculaire qu’est ’HTA. Nous résumons les liens épidémi-
ologiques entre SASO et HVG, décrivons la fonction diastolique dans le SASO, et présentons les

mécanismes physiopathologiques impliqués en tenant compte des facteurs confondants.
© 2016 Publié par Elsevier Masson SAS.

Background

Obstructive sleep apnoea syndrome (OSAS) is characterized
by repetitive episodes of partial or complete collapse of
the upper airway during sleep; this usually terminates in
arousal, leading to sleep fragmentation. These periods of
obstructed breathing result in intermittent hypoxaemia with
underlying sympathetic nerve activity and increases in heart
rate and blood pressure (BP). Diagnosis and severity of OSAS
are determined by the apnoea hypopnoea index (AHI). The
American Academy of Sleep Medicine sets a threshold of five
events per hour of sleep, predominantly obstructive, with
symptoms such as daytime sleepiness, insomnia or snoring,
for the diagnosis of OSAS [1].

OSAS is a frequent sleep disorder that affects 2% of
middle-aged women and 4% of men [2]. Prevalence has
reached 20% in some studies [3], increasing with age [4]
and the growing rate of obesity [3]. However, more than
80% of OSAS patients stay undiagnosed, especially women
and those with a lower body mass index (BMI) [5]. OSAS is
a well-known independent risk factor for arterial hyperten-
sion (AHT) [6—8], the prevalence of which reaches 50% in
this population [9]. Reciprocally, the reported prevalence
of OSAS among hypertensive populations ranges from 20%
to 40% [10—12], and up to 70% [13]. AHT in OSAS patients
is more likely to affect diastolic BP in young people than
systolic BP in the elderly [14]; typically, it has a non-dipper
or a riser (higher sleep BP than awake BP) pattern [15—18]
that leads to a higher frequency of masked hypertension
(around 30% of cases) [19,20], and both of these conditions
are known to be associated with even worse outcomes [21].
OSAS is also a recognized cause of resistant AHT [22,23],
where the prevalence of OSAS exceeds 80% [24]. Potential
confounding factors associated with both OSAS and AHT, such
as age, diabetes mellitus and obesity, have been explored
extensively, and are considered as independent but additive

factors [4,7,8,14,25,26]. However, those factors are also
contributors to left ventricular (LV) hypertrophy (LVH) and
LV diastolic dysfunction, both of which are important causes
of cardiovascular morbidity [27,28], and have been reported
to be associated with OSAS for decades [29,30].

In this review, we present an overview of how OSAS may
promote changes in LV geometry and diastolic dysfunction
through its best-known cardiovascular complication, arterial
hypertension. We also summarize the epidemiological links
between OSAS and LVH, outline diastolic dysfunction in OSAS
patients and try to highlight the mechanisms responsible,
focusing on the effect of confounding factors.

LV geometry and OSAS
Description of LVH and remodelling in OSAS

In 1990, Hedner at al. [30] conducted a case-control study
comparing 61 OSAS and 61 control patients. The interven-
tricular septum and LV posterior wall were thicker, and so the
LV mass (LVYM) and LVM index (LVMi) were significantly higher
in OSAS patients. In 1995, Noda et al. [31] provided the first
prevalence of LVH in OSAS patients, defined by LV wall thick-
ness > 12mm. LVH was reported in 42% of the whole cohort
(n=51), in 31% when the AHI was <20 and in 50% when the
AHI was > 20. Using the same criteria for LVH, Cloward et al.
[32] reported a prevalence of LVH of 88% among 25 obese and
severe OSAS patients. A dose-response relationship was also
observed between the severity of OSAS and the prevalence
of LVH, using LVMi (normalized by height) for LVH assess-
ment [33,34]. The largest cross-sectional study, including
more than 2000 subjects (the Sleep Heart Health Study)
[35], confirmed that LVMi (height) was significantly associ-
ated with both the AHI and the hypoxaemia index, even after
adjustment for age, BMI, systolic BP and diabetes, with an
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adjusted odds ratio for LVH of 1.78 (95% confidence interval
1.14—2.79) between patients with an AHI <5 and those with
an AHI > 30. In this study, the prevalence of LVH reached 33%
in severe OSAS patients.

The reported LVH is often eccentric; for example, Mys-
linski et al. [36] observed in 2007 that eccentric LVH was
the predominant LV geometry in patients with newly diag-
nosed OSAS (without continuous positive airway pressure
[CPAP] treatment). In this study [36] and in the Sleep
Heart Health Study [35], the LV end-diastolic diameter in
OSAS patients was significantly higher than in controls (or
treated OSAS patients), and correlated positively with the
AHI and the desaturation index. Eccentric LVH was also
twice as frequent as concentric LVH among treated OSAS
patients [37]. Conversely, Cioffi et al. reported that rel-
ative wall thickness was positively correlated with the
AHI [38]; in this study, where BP was not different across
the OSAS severity groups, LVM did not differ significantly,
but LV concentric remodelling was independently associ-
ated with moderate-to-severe OSAS (odds ratio 7.6) and
BMI (odds ratio 1.09). Likewise, Koga et al. [39] reported
that concentric LVH was the most common LV geometry
in 37 OSAS patients. Fig. 1 depicts the different types of
LVH.

Cl 25Hz
15em

2D LTM
59% 55%
C50

P Bas
HGén

_-PPVGs 22cmg
-DIVGs 43cm
-SiVs 20cm
- PPVGd 1.5¢cm
- DIVGd 58cm
- Sivd 1.6cms

Indice Dtd VG

VTD (TM-Teich)

SIVIPPVG (TM)

Masse VG (cube) 4259
Indice masseVG(cube) 236 g/m?
% SIV (TM)

VTS (TM-Teich)

FR (TM-Teich) Y
FE (TM-Teich) 50.2%
%PPVG (TM) 46.7 Yopm

10

- PPVGs 16em/ "o
DIVGs 6.4 ci—
= - SIVs 13 cm?'
PPVGd 1.3cm
_ - DIVGd 7.6cm 5
Sivd 1.3 ciS—.
VTD (TM-Teich) 307 ml
SIVIPPVG (TM)  1.00
Masse VG (cube) 518 g
% SIV (TM) 0.000 % g
VTS (TM-Teich) 209 m| =
FR (TM-Teich) 15.8%
= FE(TM-Teich) 31.9 %=

%PPVG (TM) 15

23.1 %] A
100mm/s

77bpm

Figure 1. Different types of left ventricular hypertrophy (LVH).
A. Concentric LVH. B. Eccentric LVH. DIVGd: LV internal diameter,
diastole; DIVGs: LV internal diameter, systole; PPVGd: LV posterior
wall thickness, diastole; PPVGs: LV posterior wall thickness, systole;
SIVd: interventricular septum thickness, diastole; SIVs: interventric-
ular septum thickness, systole.

LV remodelling in OSAS beyond AHT

Whether LVH in OSAS is a reality beyond AHT has been
explored extensively and remains controversial. In the
first case-control study showing LVH in OSAS patients [30],
neither systolic nor diastolic BP correlated with the desat-
uration index, and LVMi was 15% higher in normotensive
OSAS patients compared with normotensive controls, sug-
gesting that OSAS affects LV geometry independent of AHT.
Noda et al. [31] were the first to evaluate LV geometry
and AHT based on ambulatory blood pressure monitoring.
The prevalence of LVH, which was 50% in case of severe
OSAS, reached 70% among patients with coexisting severe
OSAS and AHT, defined as BP>160/95mmHg. All patients
with LVH had AHT, whereas no patients without LVH had
AHT. Moreover, LVMi (normalized by body surface area [BSA])
correlated significantly and strongly with 24-hour systolic
and diastolic BP (r=0.60 and r=0.48, respectively), and
markedly weakly with the obesity index (r =0.05), suggesting
that AHT diagnosed via 24-hour ambulatory blood pressure
monitoring is the most important determining factor for LVH
in OSAS. These findings were supported by another cross-
sectional study of 81 patients referred to a sleep laboratory
[40], which reported that the AHI correlates with 24-hour
BP and with LV thicknesses; however, this last correlation
did not remain significant after adjustment for 24-hour BP
and the use of antihypertensive drugs. In 2001, Niroumand
et al. [41] conducted a large observational study among
533 patients, and concluded that LVMi (height) was corre-
lated with age and AHT, but not with OSAS severity variables
after multivariable analysis. Likewise, in a study conducted
in non-hypertensive subjects, no differences were found
in LV thicknesses, LVM or LVMi between controls, mild-to-
moderate OSAS patients and severe OSAS patients [42],
whereas a second study reported a higher interventricu-
lar septum thickness in patients with an AHI> 15, but these
patients were also more obese [43]. However, among 130
newly diagnosed and untreated patients, Baguet et al. [1]
found an independent correlation between LVMi (height)
and mean nocturnal arterial oxygen saturation (P=0.004),
in addition to a significant correlation with clinical BP
(P=0.01). The low prevalence of LVH observed in this study
(5—9.5%) may also be explained by less severe AHT (and
obesity) compared with the previous study; this is consis-
tent with a recent study reporting an LVH prevalence of
12% among well-controlled hypertensive patients [37]. In a
recent study involving 155 resistant hypertensive patients,
Dobrowolski et al. [44] also found an independent associa-
tion between concentric geometry and both systolic BP and
OSAS.

LV remodelling in OSAS beyond obesity

As the prevalence of LVH is very high in obese subjects [45],
obesity can be a major confounding factor. In the first study
reporting a higher LVMi in OSAS patients, body weight was
significantly higher in OSAS patients than in controls [30].
Yet, similar results were reported by Dursunoglu et al. [46],
without differences in BMI across groups. Several studies
have reported correlations between the AHI and LV thick-
nesses that did not remain significant after adjustment for
BMI [40]. Besides, the very high prevalence of LVH (88%)
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among 25 severe OSAS patients found by Cloward et al.
[32] did not take into account the fact that all patients
were obese (mean BMI 38 +11), because LV measurements
were not related to obesity. However, when LV geometry
was assessed by LVMi, results were not consistent, suggesting
the importance of the method used. Indeed, some studies
reported a significant correlation between LVMi and OSAS
severity variables after multivariable analysis including BMI
[39,47], whereas others did not [41]. Furthermore, several
studies reported that, after multivariable analysis, LVMi was
determined by metabolic syndrome, but not by BMI [48,49].

Effect of measurement method on LV
geometry

Obtaining a reliable measurement of LVM in OSAS patients
is difficult because this population is frequently over-
weight, which may significantly affect results. From one
study to another, LVH may be defined as LV thicknesses
(interventricular septum and/or posterior wall) > 12 mm or
may be based on LVM that can be normalized by BSA or
height or not. Studies that assess LVH using LV measure-
ments alone tend to report no association between LVH
and OSAS or higher two-dimensional LV dimensions in OSAS
patients that do not remain significant after adjustment for
obesity [40,42,43,50,51]. Most recent studies show a per-
sistent independent relationship between OSAS and LVMi
(height) after adjustment for confounding factors or multi-
variable analysis [33,35,38,39,47,52]. However, few studies
have reported no significant association between LVMi (BSA)
[49,53] or LVMi (height) [41,48] and OSAS after taking into
account confounding factors. Despite these discrepancies,
we can reasonably think that OSAS is independently associ-
ated with LVMi, and that in addition to this, OSAS, BMI and
AHT have significant interacting effects on LVMi [47].

Today, it is admitted that LVMi normalized by height and
based on an obesity-independent measure of body size, is
associated with a higher proportion of incident cardiovas-
cular events than LVH detected by normalization for BSA,
and is convenient for identification of individuals at high
risk in populations with a high prevalence of obesity, such
as OSAS populations. This method allows detection of poor
prognosis and obesity-related LVH, which is not identified
using BSA [54,55]. In a recent observational study among
188 treated and severe OSAS patients, the prevalence of LVH
when assessed by LYMi normalized by height was two times
higher than when normalized by BSA (12.4% vs. 6.5%) [37].
We should also mention that a small prospective study of 47
OSAS patients reported uniform results regarding the effects
of CPAP on cardiac remodelling, assessed by echocardiogra-
phy or cardiac magnetic resonance imaging [56].

Effects of OSAS treatment on LV geometry

Observational studies in obese and severe OSAS patients
[32,57] reported regression of interventricular wall thick-
ness after 6 months of nasal CPAP (nCPAP) (13mm vs.
12.3mm, P<0.02 and 13mm vs. 10mm, P<0.001, respec-
tively), which was not observed for the LV posterior wall
[32]. Subgroup analyses in this study [32] showed no effect of
nCPAP in non-compliant patients. The findings also suggested
a delayed effect of OSAS treatment, as LV dimensions were

not decreased after 1 month of treatment, just as in another
study after 2—3 months of nCPAP or an oral appliance [58].
However, after 18 months of nCPAP, 41 obese patients did not
show LVYM improvement, except those with a decreased body
weight, suggesting that CPAP treatment does not improve LV
remodelling per se [48].

Physiopathology

Pathophysiological mechanisms involved in OSAS-related LV
remodelling are summarized on Fig. 2. Because of repetitive
respiratory disturbances leading to related hypoxia, hyper-
capnia, negative intrathoracic pressure and microarousals,
OSAS patients experience permanent oscillations in their
haemodynamic variables and sympathetic activation dur-
ing sleep. This activation is observed more during sleep,
but lasts through the day, leading to peripheral vascu-
lar remodelling, increased vascular resistance [59,60] and
then increased afterload. In 2007, Drager et al. [53] com-
pared pulse wave velocity (as a surrogate measure of
arterial stiffness) and LV dimensions in non-hypertensive
OSAS patients, hypertensive patients without OSAS and con-
trols. OSAS and hypertension were both associated with
increased arterial stiffness and LVH; the effects were of
similar magnitude, but were also additive, suggesting that
increased afterload may contribute to LV remodelling in
OSAS patients. These observations were supported by Baguet
et al. [33], who reported a significant correlation between
carotid intima-media thickness and pulse wave velocity,
and systolic and pulsed BP in OSAS patients. Moreover,
repetitive episodes of hypoxaemia and reoxygenation may
trigger oxidative stress mechanisms [61] and production of
reactive oxygen species, leading to endothelial dysfunction
[62,63], ischaemia-reperfusion injury and then ventricular
remodelling. Besides, intermittent hypoxaemia also triggers
activation of the renin-angiotensin-aldosterone system, as
studies reported increased angiotensin Il and aldosterone
concentrations in OSAS patients [64,65]. This is another
pathway that probably contributes to the development of
LV remodelling.

Finally, circadian BP is involved in LV remodelling. In
1997, Verdecchia et al. [66] showed that LVMi (BSA) cor-
related more closely with nighttime BP than with daytime
BP, and that LVMi was inversely correlated with the per-
centage of nocturnal BP fall. Yet, a reciprocal relationship
between OSAS and nocturnal increase in BP is known. More-
over, Noda et al. [31] reported correlations between LVMi
and BP on the one hand, and the duration of arterial oxy-
gen saturation < 90% on the other. Desaturation time was also
correlated with norepinephrine plasma concentration eleva-
tion, suggesting that LVH in OSAS results from hypoxia levels.
These results are consistent with a recent observational
study reporting that LV diameters significantly correlated
with desaturation time, but not with the AHI [37].

Effect on prognosis

It is now well recognized that LVH is associated with poor
prognosis. In 1998, the Framingham Heart Study reported
a twofold greater risk of sudden death in case of LVH
(defined as LVMi [height]>143g/m in men and 102g/m
in women), with a 45% increased risk for each 50g/m
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Figure 2.  Pathophysiological mechanisms involved in obstructive sleep apnoea syndrome-related left ventricular remodelling and diastolic

dysfunction. RAAS: renin-angiotensin-aldosterone system.

increment in LVMi [67]. LVH is also a condition that is known
to lead to heart failure, coronary heart disease, arrhyth-
mia and stroke [68]. In the field of genetic hypertrophic
cardiomyopathy, OSAS is known as a common co-factor for
poor prognosis [69]. Nevertheless, to date, very few studies
have analysed the prognostic value of LVH in the specific
context of OSAS. There is indirect evidence of worsen-
ing prognosis in case of LVH associated with OSAS, with

elevation of B-type natriuretic peptide plasma concen-
trations [70]. Indeed, N-terminal pro-B-type natriuretic
peptide is not associated with the presence of OSAS alone or
with sleep-related indices, either in sleep laboratory popu-
lations [71] or in community-based populations [72]. Yet, it
has been shown to be significantly associated with AHT and
LVH [70], and to decrease significantly after nCPAP appli-
cation in hypertensive OSAS patients. Thus, in the OSAS
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population, N-terminal pro-B-type natriuretic peptide does
not appear to be a marker for non-specific OSAS-related
cardiovascular abnormalities, but rather a marker for car-
diovascular co-morbidities and/or complications.

Diastolic function and OSAS
Prevalence of OSAS in diastolic heart failure

In 1997, Chan et al. [73] showed that 55% of 20 isolated
diastolic dysfunction patients experienced sleep-disordered
breathing, defined as an AHI>10. In this small sample,
85% of patients were hypertensive, but BMI and prevalence
of hypertension were similar in patients with or without
sleep-disordered breathing. This high prevalence of sleep-
disordered breathing among patients with heart failure with
preserved ejection fraction was confirmed later in a larger
cohort (n=255), in which sleep-disordered breathing was
experienced by 69% of the population (among them, 40%
had OSAS) [74].

Diastolic dysfunction in OSAS

The reported prevalence of diastolic dysfunction among
OSAS patients varies from 23% to 56% [37,75—77], depending
on the sample size and the method of diastolic dysfunction
assessment. Furthermore, several studies have shown vari-
ous impaired LV diastolic function markers in patients with
OSAS compared with in controls: enlarged left atrial size
[46,78—80], prolonged isovolumic relaxation time (IVRT)
[46,57,78,81], altered E/A ratio [46,78,79,81—84], lower
early diastolic mitral annular velocity (e’) [79,82,83,85,86]
and increased E/¢€’ ratio [43,78,87] (Fig. 3).

Studies have reported a dose-response relationship
between severity of diastolic dysfunction and severity of
OSAS [40,57,73]. However, they did not use the same varia-
bles to characterize diastolic function or the severity of
OSAS. Two studies carried out on small populations [40,73]
reported that lower minimum arterial oxygen saturation,
but not AHI, was associated with the E/A ratio and a pro-
longed IVRT. Other studies reported a significant correlation
between E/A and mean nocturnal oxygen saturation [79] or
between e’ and the AHI [82]. However, in numerous stud-
ies, LV diastolic dysfunction was observed in OSAS patients,
together with older age [76], higher BP [46,81,87], higher
BMI [81] or higher LVH [46,78,81,85]. In a recent review,
Baguet et al. [29] focused on common OSAS co-morbidities,
such as AHT and diabetes, which lead to OSAS-related car-
diac disorders, such as coronary artery disease, LVH and
atrial fibrillation, thus establishing a strong basis for a per-
fect continuum from diastolic dysfunction and heart failure
with preserved ejection fraction to systolic heart failure.

For these reasons, several studies tried to demonstrate
a role for OSAS as an independent risk factor for the devel-
opment of LV diastolic dysfunction. In 2002, Fung et al. [77]
reported that, after multivariable analysis among 27 OSAS
patients, lower minimum pulse oximetric saturation, like
age and hypertension, was independently associated with an
abnormal relaxation pattern on the transmitral flow. A larger
observational study, including 150 newly diagnosed (and
mostly hypertensive) OSAS patients, older age and lower

mean nocturnal oxygen saturation were identified as inde-
pendent predictive factors for diastolic dysfunction assessed
by the transmitral pattern [76]. Highlighting the importance
of tissue Doppler imaging, Kim et al. [86] reported that
e’ was the only variable that was significantly decreased
in severe OSAS patients (AHI>30), and that its association
with the AHI was independent of BMI, diabetes and AHT.
Another study conducted among otherwise healthy obese
patients, identified impaired diastolic function, assessed by
left atrial size and tissue Doppler imaging on the mitral annu-
lus, in patients with OSAS compared with in those without
[88]. These results suggest an impaired LV function related
to OSAS beyond obesity, but this needs to be confirmed by
other data. Indeed, a study designed to assess LV diastolic
dysfunction beyond obesity concluded that subjects with
abdominal obesity had LV dysfunction (defined using E/A and
e’/a’ ratios) that was not associated with OSAS per se, but
with metabolic syndrome [48]. The effect of metabolic syn-
drome was confirmed in other studies that identified both
severe OSAS (AHI > 30) and metabolic syndrome as individual
and synergistic determining factors for diastolic dysfunction
[49,88].

Some other studies have failed to prove an indepen-
dent relationship between OSAS and diastolic dysfunction.
Niroumand et al. [41], in a cross-sectional study of 533
patients, reported a significant and independent associa-
tion between age and diastolic dysfunction assessed by the
E/A ratio, which was not observed with the AHI or noctur-
nal oxygen saturation. Likewise, among 188 OSAS patients
undergoing LV diastolic function assessment by a global
approach based on the most recent international guidelines
[89], age was the only independent predictor of diastolic
dysfunction [37].

To summarize, LV diastolic dysfunction is often observed
in OSAS patients, even in the early stage of the disease
[75,76,79,84], and regardless of the severity. However,
in mild-to-moderate OSAS, LV dysfunction seems to be
linked primarily to extrarespiratory determining factors
(age, BMI, AHT, LVH). An independent role for severity varia-
bles appears to be stronger in severe OSAS.

Effects of OSAS treatment on diastolic
dysfunction

Effects of nCPAP per se on diastolic function are not easy
to comprehend, as studies on the subject did not report
the same population characteristics, diastolic variables or
methods of avoiding confounding factors. However, sev-
eral reported improvements in left atrial size [78], IVRT
[75,78,87], E/A ratio [75,78,82], € [82] or E/€’ ratio [78],
whereas Koga et al. [81] reported no difference in E/A ratio,
E deceleration time and IVRT after 1 or 3 months of nCPAP.
Some studies included only patients without AHT, in order to
highlight OSAS treatment effects alone [75,87]. All effective
reported treatments lasted at least 3 months. We have to
mention that improvements in BP [78,87], body weight [48]
or LVM [81,82], parallel to enhanced LV diastolic function,
have been reported, which means that the independent
effect of nCPAP is not well established. Finally, one study
compared LV function variables between randomized OSAS
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groups with or without nCPAP [75]; other studies performed
before and after nCPAP comparisons [48,78,81,82,87].
Physiopathology

Hypertension is the main cause of LVH [90] and diastolic
dysfunction [91], and is also a major consequence of OSAS

(Fig. 2). Indeed, increased BP during apnoeic episodes leads
to pressure overload in the left ventricle [92], as well
as to LVH and myocardial fibrosis, which are both known
causes of diastolic dysfunction. Moreover, LV pressure over-
load may result from sympathetic activation during sleep
[93], from recurrent episodes of negative intrathoracic pres-
sure [92] and from increased arterial stiffness [94], which
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are well characterized in OSAS. Myocardial fibrosis can
also be promoted by activation of the renin-angiotensin-
aldosterone system, another consequence of OSAS, and
therefore another plausible factor for diastolic dysfunction
by myocardial remodelling [95]. We can also suppose that
hypoxia-reoxygenation sequences are plausible contributing
factors for LV remodelling, just as in ischaemic cardiomy-
opathy [96]. This concept is supported by the impairment of
vascular endothelial function observed in OSAS-related dia-
stolic dysfunction, and correlated to hypoxaemia markers
[97].

Conclusions

OSAS is a very frequent disorder affecting mostly middle-
aged or elderly, obese and hypertensive men. For these
epidemiological reasons, LVH and LV diastolic dysfunction
are largely associated with OSAS. Pathophysiological mech-
anisms are widely shared by these conditions: repetitive
hypoxaemia reoxygenation sequences, bursts of sympa-
thetic activity, hormonal and metabolic dysregulation,
oxidative stress, systemic inflammation and mechanical
haemodynamic disturbances. These all participate in the
development of LVH and LV diastolic dysfunction, even if
the role of each component considered separately is not yet
well understood; in truth, there is probably a multifacto-
rial effect. Most of these conditions seem to be improved by
nCPAP therapy, although further large, controlled, random-
ized trials are needed to improve the management of OSAS
patients.
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