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Obstructive sleep apnoea (OSA) is highly prevalent, with recent general population studies indicating that
up to 50% of males and 23% of females have moderate or severe sleep disordered breathing (SDB) based
on an apnoea–hypopnoea index (AHI) of >15 events·h–1 [1, 2]. OSA is recognised as an independent risk
factor for systemic hypertension [3] and a nondipping nocturnal blood pressure profile is particularly
likely in patients with OSA [4], even in the absence of significant hypertension. Furthermore, hypertension
is increasingly recognised as an important predictor of prevalent OSA and appears to be more predictive
than excessive day-time sleepiness in some settings [5]. However, recent evidence also indicates that only
moderate–severe OSA (AHI >20 events·h–1) constitutes a significant independent risk for hypertension [2]
and cluster analysis of sleep clinic populations indicates that particular population subtypes are especially
associated with hypertension [6].
These recent reports regarding the very high general prevalence of SDB and factors that influence the
relationship with hypertension prompt a reassessment of the clinical relevance regarding the association
between OSA and hypertension, especially nocturnal hypertension, and the underlying mechanisms that
may contribute to the development of a nondipping nocturnal blood pressure profile in OSA patients.
This topic is important in the context of the recent SAVE (Sleep Apnea Cardiovascular Endpoints) trial
report [7] involving 2717 patients with established cardiovascular disease and moderate or severe OSA
associated with minimal sleepiness who were randomised to best usual care with or without added
continuous positive airway pressure (CPAP) therapy and followed for up to 7 years. CPAP therapy was not
associated with any improvement in cardiac or cerebrovascular outcome, although data on secondary and
other end-points in the report indicated a small but significant reduction in diastolic blood pressure. This
finding is particularly relevant in the context that the average compliance with CPAP was only 3.3 h and a
recent meta-analysis indicates that beneficial effects of CPAP on blood pressure in OSA patients with
minimal sleepiness are largely confined to patients using CPAP for >4 h per night [8].
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Hypertension is present in up to 50% of patients with OSA [3], which is close to double the prevalence of
hypertension in general population studies [9]. Blood pressure normally follows a diurnal pattern such
that the average nocturnal systolic blood pressure is >10% lower than during day-time. Loss of this
nocturnal dipping blood pressure pattern in both normotensive and hypertensive subjects is associated
with a worse cardiovascular prognosis [10], which is particularly relevant in OSA because of the high
likelihood of a nocturnal nondipping profile [3]. Data from the Wisconsin Sleep Cohort Study indicate a
dose–response increase in the development of nondipping hypertension with severity of SDB at baseline
when followed for 7 years [11], which was confirmed by a recent report demonstrating that in patients
attending a cardiology clinic with known cardiovascular disease and moderate or severe OSA there is a 4%
increase in the odds of having a nondipping blood pressure profile per unit increase in AHI [4]. Further
recent data from the Wisconsin Cohort indicate that SDB during rapid eye movement sleep is particularly
associated with a nondipping nocturnal blood pressure pattern [12].
In general terms, the presence of a nondipping nocturnal blood pressure profile is associated with an increased
incidence of cardiovascular events regardless of the underlying absolute blood pressure values. In one
normotensive cohort, a nondipping blood pressure pattern was reported in 36% of subjects and the adjusted
hazards ratio of cardiovascular events in nondippers was 2.44 compared with dippers [10]. In another randomly
selected population cohort, nondipping status also predicted a higher risk of cardiovascular disease [13]. The
prevalence of a nondipping blood pressure profile has been reported as high as 53% in a treated hypertensive
population [14] in whom its presence independently predicts cardiovascular events even after adjustment for
24-h blood pressure [15]. Furthermore, a recent meta-analysis supports an association in untreated hypertensive
subjects between a nondipping pattern and an increased risk of left ventricular structural alterations [16]. Thus,
the nocturnal dipping status represents an important element in risk stratification for cardiovascular
comorbidity. Importantly, recent evidence confirms that cardiovascular events are more frequent in OSA
patients with a nondipping blood pressure profile even in the absence of diagnosed hypertension [17].
The mechanisms by which OSA contribute to the presence of nondipping blood pressure and indeed systemic
hypertension in general are likely multifactorial [3], and are summarised in figure 1. Key factors relating to
OSA that promote the potential mechanisms of blood pressure elevations include intermittent hypoxia and
recurring micro-arousals from sleep, both of which are central features of SDB events. Intermittent hypoxia
has long been recognised as one of the mechanisms in the development of OSA-related hypertension, with
early animal studies showing a robust association between intermittent hypoxia as a marker of OSA and both
acute and persistent increases in blood pressure [18]. However, recent evidence indicates that fragmented sleep
also represents a distinct trigger factor for elevated blood pressure in that sleep fragmentation and frequent
arousals in patients with periodic leg movements have also been found to be associated with elevated blood
pressure [19]. Even in children, periodic leg movements are frequently associated with micro-arousals from
sleep and have been linked to the development of nocturnal hypertension [20].
Sympathetic excitation has long been recognised as an important feature of OSA, and sympathetic discharge
measured by direct recording of sympathetic nerve activity in leg muscle is increased at the termination of
apnoea and hypopnoea events [21] with associated transient elevation in blood pressure. Crucially, over time,
these brief surges in sympathetic activity during sleep in OSA and associated nocturnal blood pressure rise
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perpetuate beyond the offending events, with sustained sympathetic activity persisting into the day-time and
associated elevation of blood pressure. Recent evidence indicates that both intermittent hypoxia [22] and
recurring arousals [23] independently contribute to sympathetic excitation and associated blood pressure
elevation, including studies of intermittent hypoxia in normal volunteers [24].
The renin–angiotensin–aldosterone system (RAAS) regulates blood pressure through the vasoactive peptide
angiotensin II [25] and recent evidence indicates that RAAS activity is progressively increased with increasing
severity of OSA [26], but reduced following CPAP therapy. Increased RAAS activity promotes the genesis of a
nondipping blood pressure profile [27] and blocking the RAAS with an angiotensin II receptor blocker is
associated with restoration of a nocturnal dipping blood pressure pattern [28]. Thus, RAAS activation in OSA
is implicated in the development of a nondipping blood pressure profile as well as the propagation of a more
sustained hypertensive state.
Systemic inflammation and oxidative stress are both evident in OSA, and have been linked to
cardiovascular disease [29], particularly by promoting atherosclerosis. Recent findings of higher circulating
levels of the inflammatory factor interleukin-2 in OSA patients with a nondipping blood pressure profile
also support a role for inflammation in the development of nondipping blood pressure [30].
Endothelial dysfunction, a precursor of atherosclerosis [31] and predictor of incident cardiovascular events
[32], is widely reported in patients with OSA [33]. Both intermittent hypoxia [34] and sleep fragmentation [35]
contribute to endothelial dysfunction with intermediate pathways that include reduced bioavailability of the
vasodilator substance endothelial nitric oxide, oxidative stress, systemic inflammation and increased
sympathetic drive (figure 1). Nondipping nocturnal blood pressure is also associated with vascular endothelial
dysfunction and reduced nitric oxide levels [36]. Furthermore, nocturnal nondippers demonstrate a reduced
number of endothelial progenitor cells, which are responsible for repairing vascular damage and maintaining
homeostasis [37], a finding also reported in patients with OSA [38].
The recent evidence that SDB is so very highly prevalent supports the view that additional factors such as
related comorbidities should be considered in the diagnosis of a clinically significant disorder, particularly
as traditional symptoms such as day-time sleepiness correlate so poorly with OSA severity as measured by
AHI [5, 39]. In this context, emerging evidence supports the view that hypertension and particularly the
loss of nocturnal dipping blood pressure may represent a significant associated clinical factor that
identifies patients with clinically significant OSA. Furthermore, as OSA, via intermittent hypoxia and
recurring arousals, triggers a range of intermediate mechanism that promote nocturnal elevation of blood
pressure, further investigation of these complex mechanisms in the progression of OSA patients from
normotensive to hypertensive, and particularly the mechanisms contributing to nocturnal elevation of
blood pressure, may provide important insights into the pathophysiology and consequences of
hypertension in general. In practical terms, the highly prevalent association of OSA with elevated
nocturnal blood pressure implies that 24-h ambulatory blood pressure recordings should be a routine part
of the assessment of patients with OSA, as recently recommended by a joint Task Force of the European
Respiratory Society and the European Society of Hypertension [3].
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