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I
t seems paradoxical to observe how obstructive sleep
apnoea (OSA) has been associated with a large number of
systemic diseases, and is even recognized as a risk factor

for some of them [1–4], but is nevertheless, strictly speaking,
basically a local mechanical problem resulting from intermittent
collapses of the upper airway during sleep. The explanation for
this phenomenon is that these repetitive airway obstructions
trigger several pathophysiological mechanisms that have an
overall systemic effect. Thus, sympathetic activation, periodi-
cal hypoxaemias–normoxaemias, hypercapnia, arousals and
changes in intrathoracic pressure induced by OSA lead to the
activation of some pathophysiological pathways similar to those
observed in several cardiovascular diseases [5]. This explains
why OSA has been associated with the onset, poor control and
worsened prognosis of some of the most prevalent cardiovas-
cular diseases, such as arterial hypertension [6], cardiac
arrhythmias [7], and cerebral and cardiovascular events [3, 4].
One aspect that has been far less studied to date is the
relationship between OSA and systemic inflammation. In this
respect, OSA has recently been associated with diseases with a
great inflammatory burden, such as psoriasis [8] and other
autoimmune disorders [9]. The relative scientific youthfulness
of OSA means that new action mechanisms and previously
unknown associations with other diseases are now being
increasingly discovered. One particular piece of news was
sprung on the scientific community at recent international
congresses, creating quite a stir: some studies in both animals
[10–12] and humans [13–15], undertaken almost simulta-
neously, had found an association between OSA and cancer.

There have been reports of a relationship between different
aspects of nonapnoeic sleep disorders, particularly sleep
duration, and cancer. Specifically, some studies have shown
an association between short sleep duration and increased
incidence of malignant tumours, particularly breast cancer [16,
17], although these findings have not been replicated by other
authors [18]. Several mechanisms have been postulated to ex-
plain this association, most notably the increased production of
pro-inflammatory cytokines and the suppression of melatonin

secretion, which have been shown to inhibit cancer develop-
ment and growth [16, 19, 20]. Another association has been
reported between long sleep duration [21] or long daytime
naps [22] and higher incidence of cancer. It has been postulated
that this association could be explained by intermediate
variables such as a poorer underlying state of health in people
given to prolonged siestas [16, 22]. Nevertheless, until very
recently, there was no literature available on a possible
relationship between OSA and cancer, even though both
diseases share some common pathophysiological mechanisms.
However, it is interesting to note that there was already
speculation about a possible relationship between these two
diseases, in which intermittent hypoxia would play a funda-
mental role, back in 2007 [23].

Intermittent hypoxia is one of the most specific landmarks of
OSA and has proven to induce considerable consequences at
both tissue and systemic levels [24]. It has been reported that
intermittent hypoxia plays an important role in regulating the
different stages of tumour formation and progression [25]. In a
situation of cellular hypoxia (typically found in tumours), the
adaptive response is orchestrated by a family of transcription
factors, the most important and most fully studied probably
being hypoxia-inducible factor (HIF)-1. HIF-1 activates the
transcription of genes that play critical roles in angiogenesis,
the oxidative stress response, genetic instability, immune
evasion, metabolic reprogramming, invasion and metastasis,
radiation resistance, and stem-cell maintenance related to
cancer [26]. Among all the effects of HIF-1, two stand out as
being especially relevant. On the one hand, the overexpression
of HIF-1 has been associated with a sharp increase in reactive
oxygen species generated during reoxygenation periods,
which can also play an important role in modifying gene
expression by regulating the activity of some transcription
factors. These include activator protein-1, which is known to
play a pivotal role in tumourigenesis, and nuclear factor-kB,
which has been associated with tumour development via the
induction of apoptotic inhibitor factors, proliferation mol-
ecules, matrix metalloproteases and pro-angiogenic factors
[25, 27]. On the other hand, overexpression of HIF-1 has also
been associated with some angiogenic molecules, of which the
most important is probably vascular endothelial growth factor
(VEGF). Angiogenesis has been shown to play a crucial role in
both the growth of primary tumours and their metastasis.
Tumour vessels boosted by VEGF are structurally and
functionally abnormal, and even highly vascularised cancers
may contain areas of severe hypoxia and necrosis. Both
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abnormal vascularisation and necrosis have been associated
with the progression and poor prognosis of cancer [28].

On the basis of this background, which suggests a plausible
association between intermittent hypoxia and a greater
incidence and extension of tumours, a recent study in an
animal model tested this pathophysiological hypothesis. The
authors showed that when mice were subjected to an
intermittent hypoxia pattern mimicking OSA, the growth rate
of melanoma tumours was two-fold greater than in normoxic
control animals [10]. Moreover, the mice subjected to inter-
mittent hypoxia presented a greater number of pulmonary
metastases [11].

These promising findings in experimental research encouraged
other groups with available longitudinal data on large sleep
cohorts to assess a potential link between OSA and cancer in
humans. Two large-scale series, one population-based and one
clinically based, have very recently studied this possible
relationship, simultaneously but independently of each other.
First, an association between OSA and cancer has been reported
in a population-based cohort from Wisconsin (USA) (1,522
subjects; 22-yr follow-up) [13]. The results substantiated a
significant increase in the probability of death from cancer in
patients with severe OSA. Meanwhile, the other database
research projects involved two parallel studies from the
Spanish Sleep Network involving ,5,000 patients with a
median follow-up of nearly 5 yrs. These studies have reported
an increased cancer incidence [15] and mortality [14] in OSA
patients exhibiting nocturnal arterial oxygen desaturations as
compared with those who did not experience nocturnal
hypoxaemia even when the results were adjusted by the most
important confounding factors (age, sex, smoking, alcohol
consumption and body mass index). Moreover, the association
between OSA and cancer proved to be more intense in younger
subjects (aged ,65 yrs) and in males. Interestingly, this is partly
consistent with some reports on the relationship between OSA
and cardiovascular disease [3, 4]. Remarkably, in both the
Wisconsin and Spanish cohort studies, the association was
stronger when the hypoxaemia index was used as a marker of
the severity of the disease and when patients with good
adherence to continuous positive airway pressure (CPAP)
treatment were excluded from the analysis, opening up the
possibility of a protective effect derived from CPAP (although
this parameter was not the main outcome and, accordingly, the
results presented less statistical power and must be interpreted
with caution). Therefore, the findings from both the experi-
mental and clinical data carried out to date point in the same
direction: towards a genuine association between OSA and
cancer, in which intermittent hypoxia would play a key role.

However, this newly reported association raises many more
questions than answers. These open issues must be addressed
in coming years, given their considerable potential importance
in epidemiological, prognostic and therapeutic terms, particu-
larly bearing in mind that OSA is a potentially treatable
disease. One obvious key aspect is to corroborate the results of
the aforementioned recent studies through the analysis of
other large databases. Another important pending task is to
carry out large-scale prospective studies with prolonged
follow-up in both patients with OSA (to evaluate the incidence
of cancer) and in patients with cancer (to evaluate tumour

progression or response to treatment according to OSA
severity).

The search for causality in the OSA–cancer relationship will be
particularly complicated, as it will be very difficult to trace the
onset of the natural history of the two diseases. Moreover, data in
patients with well-established cancer will need to be controlled
for a large number of confounding factors, especially those
related to the various antitumoural treatments currently in use.
Another key factor will be the identification of the pathophysio-
logical pathways that would best explain the association
between OSA and cancer. Two nonexclusive mechanisms seem
to be of especial relevance. On the one hand, the presumed
carcinogenic role of the biological insults (e.g. intermittent
hypoxaemia or sleep disruption) associated with recurrent sleep
apnoeas, which would trigger increased cancer incidence. On the
other hand, the role of these biological insults in a faster
extension and deteriorated prognosis of a pre-existing cancer. It
will also be important to ascertain whether the OSA–cancer
association varies in accordance with the location or histological
type of the tumour, since different types of malignant cells have
different adaptive responses to intermittent hypoxia.

The identification of confounding variables will also be crucial.
Any investigation of the relationship between OSA and cancer
clearly has to take into account confounders, the most
important probably being (apart from the well-known ones
such as smoking, alcohol consumption and age) obesity and
sleep duration. Obesity (and, by extension, metabolic syn-
drome) has proved to be a disease involving a low-intensity
chronic inflammatory component, altering the balance of
oxidative stress and modifying many hormones, growth factors
and other mediators potentially contributing to the develop-
ment and progression of cancer-related processes [12, 28].
Moreover, obesity is capable of generating a certain degree
of chronic hypoxia, especially at night, and this is also asso-
ciated with a greater carcinogenic capacity [26]. There-
fore, the hypothesis that the relationship between obesity and
cancer could involve the presence of OSA as an intermediate
explanatory variable cannot be ruled out. Another confounding
variable that must be taken into account, on the basis of the
current literature, is the quantity and quality of patient sleep,
which, as mentioned above, is also associated with a higher
incidence of cancer. It is also important to identify the
polysomnographic indices that best describe this association –
so far the most viable option seems to focus on hypoxaemia
indices – and the threshold values associated with an increased
risk of cancer. Finally, an essential question that merits further
evaluation, providing this association between OSA and cancer
is confirmed, is the potential role of CPAP treatment, more
specifically whether the effect of anti-tumour drugs is modified
by OSA treatment with CPAP.

The possible relationship between OSA and cancer reveals an
excellent gateway to further research and an unbeatable
opportunity to undertake multinational studies that would
answer the very many questions that still remain with respect
to this relationship. Meanwhile, however, caution is required
because the recent promising findings are, at the moment,
merely a gleam of light in a door that still remains closed,
although all the information available to date seems to indicate
where we need to push to finally open it.
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