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Patients sent for sleep apnoea assessment show overnight oxygen deprivation is a strong predictor
of hypertension http://ow.ly/zub51

Population-based epidemiological studies strongly implicate obstructive sleep apnoea (OSA) as an

independent risk factor for cardiovascular morbidity and mortality [1–7]. Final proof of a causal

relationship between OSA and premature cardiovascular disease, and the true strength of that relationship,

will depend on the results of large, well-designed randomised controlled trials of OSA treatment, several of

which are ongoing [8]. In the meantime there is considerable interest in the various mechanistic pathways

whereby OSA might lead to increased cardiovascular disease/events. A clearer understanding of these

pathways will probably have practical therapeutic implications for reducing cardiovascular risk in OSA

populations in the future. Devices such as continuous positive airway pressure (CPAP) and mandibular

repositioning devices are effective treatments for OSA, but the reality is that they are found to be

unacceptable or are used infrequently by many patients with OSA, particularly those who are minimally

symptomatic. Other treatments directed specifically at mitigating cardiovascular risk in such patients may

be needed and this will require a clear understanding of the dominant mechanisms for increased

cardiovascular disease and/or cardiovascular events in OSA.

Systemic hypertension is the most important risk factor for cardiovascular disease. There is now strong

evidence from randomised controlled trials of CPAP treatment of OSA that sleep apnoea is responsible for

an increase in nocturnal and diurnal blood pressure, although to what extent OSA causes clinical

hypertension is less certain. While early cross sectional data from community studies found a relatively

robust independent association between OSA and prevalent hypertension [9–11], the results of longitudinal

studies examining the role of OSA in the development of new hypertension have been less convincing. Some

studies have shown an independent association between OSA and incident hypertension [12, 13], while

others have not [14, 15]. Also, randomised controlled trials of CPAP treatment in OSA have shown only

relatively small reductions in blood pressure (,2–4 mmHg), with the treatment effect size being

remarkably similar between OSA patients with and without hypertension [16–19]. Nevertheless, the blood

pressure increase attributable to OSA is likely to increase the risk of major cardiovascular events by ,7%

[20], which is a significant public health concern when one considers the relatively high and rising

prevalence of OSA in the community [21], and the fact that most disease is currently undiagnosed.

Apnoea and hypopnoea events are followed by sudden arousal from sleep and transient hyperpnoea. These

changes result in acute surges in blood pressure during the night in OSA patients but they also induce a

number of persistent, inter-related neurophysiological and biochemical changes [22, 23], which alter central

neural control of blood pressure and increase peripheral arterial smooth muscle tone such that blood

pressure levels are also increased in the daytime. Decreased baroreflex sensitivity and increased

chemoreceptor sensitivity combine to increase the blood pressure set point and increase background
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arterial sympathetic nerve activity [24]. Circulating levels of vasoconstrictor peptides, such as endothelin-1

and angiotensin II, are increased and the level of circulating nitric oxide, a potent vasodilator, is decreased.

Vascular endothelial dysfunction also probably contributes to increased smooth muscle vascular tone [25].

Reactive oxygen species [26], endothelin-1 and angiotensin II probably play a key role in modulating baro-

and chemoreflex pathways and increasing sympathetic outflow [27].

There are a number of acute pathophysiological events during cyclical sleep apnoea/hypopnoea that could

contribute to these changes. The two that come most readily to mind are easiest to measure during human

sleep studies and that have been subjected to animal experimentation are intermittent hypoxia and sleep

arousal/fragmentation. However, other components of the apnoea/hypopnoea-arousal cycle, such as

intermittent hypercapnia, large intrathoracic negative pressure swings and perhaps the extent of post-

arousal re-oxygenation and hypocapnia, could also alter baroreceptor, chemoreceptor and endothelial

function. It also appears that snore vibrations can cause direct damage to the carotid arteries [28], which

means that post-apnoeic snores or snorts themselves could have the potential to affect carotid baro- and

chemoreceptor function [29].

Knowing which mechanism(s) are primarily responsible for raising blood pressure in OSA could have direct

clinical utility. Reversal of apnoea with CPAP or weight loss would be the best ‘‘catch all’’ treatment but

these therapeutic approaches often fail because of poor patient adherence. If intermittent hypoxia was the

dominant mechanism supplemental oxygen could be a useful alternative treatment in selected OSA cases

(e.g. those with pharmacologically resistant hypertension). Conversely, if arousals, cyclical hypercapnia/

hypocapnia and mechanical phenomena (e.g. large intrathoracic negative pressure swings or snore

vibrations) were stronger drivers of the blood pressure changes, alternative approaches would be needed.

Animal experiments have been employed in an attempt to address some of these questions. Experiments in

rodents have shown that intermittent hypoxia over several days to weeks can induce sustained hypertension,

largely by an upregulation of sympathetic nervous system activity [30], and have been helpful in delineating

the molecular mechanisms responsible for this [27]. More recently, substantial elevations in daytime

and night-time blood pressure have been shown in humans after 2 weeks of experimental night-time

intermittent hypoxia [31]. Previously, a dog model showed that 1–3 months of repetitive upper airway

obstructions during sleep increased night-time and daytime blood pressure whereas repetitive tone-induced

arousals caused an elevation in night-time blood pressure alone [32].

In this issue of the European Respiratory Journal, TKACOVA et al. [33] report cross sectional findings on OSA

and hypertension in ,12 000 patients (70% male) attending a sleep clinic for diagnosis of suspected OSA in

24 sleep centres from six European countries and Israel between 2007 and 2013. It is one of the first reports

emanating from the large European Sleep Apnoea Database (ESADA) cohort study set up in 2005 as part of

the European Union Cooperation in Science and Technology (COST) Action B26 programme. To

maximise pan-European participation and ensure a large sample size, a pragmatic approach was used in

setting up the ESADA study such that laboratories were able to keep their preferred mode of sleep study

recording and scoring. The authors report a strong association between OSA and patient reports of doctor-

diagnosed hypertension (regardless of medication prescription) after controlling for known or possible

confounders, i.e. age, sex, body mass index, neck circumference, type 2 diabetes, dyslipidaemia and previous

smoking. The odds ratio for hypertension in the upper quartile of the apnoea/hypopnoea index (AHI o39)

compared to the lowest quartile (AHI ,6) was 1.51 (95% CI 1.31–1.73; p,0.0001 for trend across the four

quartiles). A similar strong, independent association was found between oxygen desaturation index (ODI)

(reported by laboratories as either o3% or o4%) and hypertension. Sensitivity analyses examining the

relationship between AHI and ODI using a stricter definition of hypertension (i.e. hypertension considered

present only if patients were on anti-hypertensive medication) produced similar results. The results of this

part of the study are clear cut and add to the growing body of evidence implicating OSA as a cause of

hypertension. A particular strength of this study is the large sample size, which has been drawn from diverse

ethnic and sociocultural settings across Europe.

The investigators then attempted to use their data to explore possible mechanisms for OSA-associated

hypertension. When AHI and ODI were simultaneously entered into a multiple logistic regression model it

was found that only ODI remained a predictor of prevalent hypertension. AHI provided no independent

predictive value and was rejected from the model. They concluded that for practical considerations ODI

may, therefore, be the preferred method for assessing risk of OSA-related hypertension and cardiovascular

disease. Indeed, if this result is confirmed by longitudinal studies of incident hypertension and

cardiovascular disease in the ESADA cohort, it may well enable routine screening sleep studies to be

simplified and costs reduced. The investigators then speculated that, based on their data, intermittent

hypoxia was likely to be the dominant factor in the development of hypertension in OSA, rather than

other pathophysiological mechanisms associated with OSA (e.g. sleep fragmentation and intermittent
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hypercapnia). A problem with this interpretation is that AHI involves manual scoring of polygraph or

polysomnography recordings that can be highly variable both between and within observers, whereas ODI,

which is calculated using proprietary software, is very reproducible. Therefore, one is left wondering

whether the stronger relationship shown between ODI and hypertension relates more to methodological

differences, and not as TKACOVA et al. [33] suggest, that oxygen desaturation is a stronger driver of

hypertension in OSA than other pathophysiological characteristics of the disorder. The diverse range of

sleep study recording techniques and AHI scoring methods used by ESADA sites (detailed in the

supplementary material of TKACOVA et al. [33]) adds to this concern. While the large sample size enabled the

authors to conduct a number of sensitivity analyses to try to take account of these methodological issues,

unless recording and scoring methods are very carefully standardised, AHI remains a highly variable metric

and limits the value of this sort of analysis.

Multiple studies using experimental intermittent hypoxia lasting days to weeks in animal models, and now

in humans, have demonstrated sustained secondary increases in blood pressure. These acute proof-of-

concept experiments and the various follow-up studies that have examined the biochemical correlates of

blood pressure changes in these models add credence to the theory that intermittent hypoxia plays an

important role in OSA-associated hypertension. It must be remembered, however, that intermittent hypoxia

also fragments sleep and the extent of sleep fragmentation, independent of severity of desaturation, has been

associated with hypertension in OSA [34]. Finally, to add fuel to this debate it has been shown in a recent

three-way 12-week randomised trial comparing oxygen and CPAP treatments for OSA with lifestyle advice

(i.e. control group), that CPAP lowered blood pressure while oxygen did not [35].

Further research is required to fully unravel the pathways and mechanisms by which blood pressure is

increased in OSA patients. Because of its very large size, the ESADA collaboration may be able to contribute

significantly to this endeavour. For example, it may have sufficient subjects to conduct case–control studies

that compare blood pressure between OSA patients who have significant sleep fragmentation but little to no

oxygen desaturation versus patients with the same AHI and arousal index but marked oxygen desaturation,

or between OSA groups matched for AHI and oxygen desaturation but with different levels of sleep

fragmentation.
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