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The 2017 Annual Congress of the European Respiratory
Society (ERS) held in Milan has featured the latest
research on clinical physiology and sleep. New exciting
studies based on respiratory physiology, sleep apnea and its
cardiovascular, metabolic and neurocognitive consequences
have been presented. Every year, the ERS Congress
provides an excellent opportunity to discover the novel
insights from basic, translational and clinical studies on
Respiratory Medicine. In this review, we highlight some
studies addressing: (I) the relationship between sleep apnea
and cancer, and (II) the potential benefits of exercise in
respiratory disorders.
Update from the European Sleep Apnea Database
(ESADA) on cancer—obstructive sleep apnea (OSA)
Experimental and clinical studies have suggested a potential
relationship between OSA and cancer development or
progression (1,2). Epidemiological evidence from relatively
small cohorts suggests that OSA is associated with higher
cancer incidence and mortality, mainly in patients with severe
sleep-disordered breathing. In addition, cancer remains one
of the main causes of mortality (3). The high epidemiologic
impact of both cancer and sleep apnea and the potential for
clinical treatment make this field of research an exciting
challenge, and more prospective studies are necessary (1).
Data from the Busselton Health Study cohort showed that
moderate-to-severe sleep apnea is independently associated
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with a large increase in risk for all-cause mortality, incident
stroke, and cancer incidence and mortality (4). In this context,
the aim of the study presented by Pataka et al. was to explore
the association between the severity of OSA and prevalence
of cancer in patients of ESADA after controlling for several
known risk factors for cancer development (5). ESADA is a
prospective multicenter cohort study of adult patients with
OSA defined as an apnea/hypopnea index (AHI) ≥5. OSA
severity was classified according to AHI, oxygen desaturation
index (ODI) and % night-time spent with oxygen saturation
<90% (TSat90). The cross-sectional association between
OSA and cancer prevalence was assessed at the time of
the baseline visit using logistic regression analysis. There
were a total of 19,556 analyzed participants. A total of 357
patients had been diagnosed with malignancy (1.8%) and
the 59.4% were male. Patients with malignancy were older
(P<0.001), had lower body mass index (BMI) (P=0.004) and
neck circumference (P=0.001). There were no differences
in the AHI, ODI, TSat90, Epworth Sleepiness Scale (ESS),
subjective sleep length and latency, between patients with/
without malignancy. Total sleep time was lower in patients
with malignancy (P=0.02). The multivariate regression
analysis found that OSA severity assessed by AHI or ODI
was not significantly associated with cancer prevalence after
adjustment for age, sex, BMI, smoking status and alcohol
intake. However, in patients aged <50 years AHI ≥5 was
associated with increased risk of cancer (OR =2.47; 95% CI,
1.13–5.44; P=0.024).
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These results are in line with those obtained in a
multicenter study in consecutive patients investigated for
suspected OSA (6). OSA severity was measured by the AHI
and the hypoxemia index (TSat90). The closest association
with cancer was found in patients <65 years for both the
AHI (continuous log-transformed AHI: HR =1.87; 95%
CI, 1.1–3.2; upper vs. lower AHI tertile: HR =3.98; 95%
CI, 1.14–3.64) and the TSat90. The conclusion was that
OSA severity is associated with increased cancer mortality,
particularly in patients aged <65 years.
In the same way, Campos-Rodriguez et al. have designed
a multicenter, clinical cohort study including consecutive
patients investigated for suspected OSA between 2003
and 2007 in seven Spanish teaching hospitals (7). AHI and
TSat90 were used as surrogates of OSA severity, both as
continuous variables and categorized by tertiles. Increased
overnight hypoxia as a surrogate of OSA severity was
associated with increased cancer incidence. This association
seems to be limited to men and patients younger than 65
years of age. In stratified analyses, TSat90 was associated
with cancer incidence in patients younger than 65 years
[adjusted HR =1.13 (95% CI, 1.06–1.21) per 10-unit
increase in TSat90] and males [adjusted HR =1.11 (95% CI,
1.04–1.17) per 10-unit increase in TSat90]. As a result, AHI
was not associated with cancer incidence in the adjusted
analyses, except for patients younger than 65 years (adjusted
HR for AHI >43 vs. <18.7 =1.66; 95% CI, 1.04–2.64).
The data from the large multicentric ESADA cohort
confirm the association between OSA (AHI cutoff 5) and
a prevalent cancer diagnosis, but only in patients aged
below 50 years as other authors have shown in previous
multicenter studies.
Spontaneous tumorigenesis induced by
intermittent hypoxia in aged mice: physiological
parameters
OSA is a very common breath disturbance in older people
(20–26% incidence in age >70 years). Recently, several
studies have demonstrated that patients with OSA have a
higher prevalence of cancer and cancer-related mortality
(4,6). The average age of cancer diagnosis is 66 years with
25% of new diagnosis between 65–74 years. Human and
animal data support the relationship between OSA and
cancer, but how spontaneous tumorigenesis in elderly OSA
patients affects several physiological parameters has not
been investigated. Various pathophysiologic pathways have
been postulated as possible causes of cancer or its increased

© Journal of Thoracic Disease. All rights reserved.

S1533

aggressiveness, and also of greater resistance to antitumoral
treatment in the presence of both intermittent hypoxia (IH)
and sleep fragmentation (both inherent to sleep apnea).
Thus far, these biological hypotheses have been supported
by various experimental studies in animals (8,9).
Apneic episodes lead to recurrent hypoxemiareoxygenation cycles with concomitant cellular IH, similar
to ischemia-reperfusion injury. Studies suggest that IH
in OSA may influence tumorigenesis (10). Animal studies
indicate that the activation of a subunit of a heterodimeric
transcription factor hypoxia-inducible factor 1 (HIF-1) and
the vascular endothelial growth factor (VEGF) pathways
in response to IH may promote the blood supply which
supports tumor growth (11). In addition, tumor-associated
macrophages may be altered by IH (or sleep fragmentation)
to a tumor-promoting phenotype yielding more aggressive
cancer behavior (8).
In this context, the study by Obeso et al. used chronic
intermittent hypoxia (CIH), the main consequence of OSA,
as the only variable in old mice (12). Two hundred outbred
15-month-old mice were randomly distributed into three
groups: room air, mild CIH (nadir 12% O2), and severe CIH
(nadir 7.5% O2). The experimental protocol was 30 cycles of
CIH/h, 8 h/day along 3 months, equivalent in human years to
50–60 years of age with 8–10 years of OSA exposure. Whole
body plethysmography and blood biochemical parameters
were measured immediately before the CIH exposure and
after 6 and 12 weeks of treatment. Mice were sacrificed at the
age of 18 months, blood and tissue samples were collected
and tumor masses were carefully sought.
There was a decrease in ventilatory parameters due
to age, which was attenuated with CIH. Blood glucose,
lactate, and cholesterol levels were maintained with age,
but glycaemia and lactatemia decreased in CIH mice. Blood
triglycerides concentration decreased with age. Abnormal
values appeared in mice with tumors. CIH tended to
reduce visceral fat. There were no statistical differences
between healthy mice and mice with tumors in any of the
three groups. Consequently, age seems to protect against
the harmful effects of CIH regardless of spontaneous
tumorigenesis.
In this context, Quintero et al. have also shown that age
protects from the harmful effects of CIH (13). Since OSA is
clinically less conspicuous in aged patients, they compared
CIH effects in young (3–4 months) and aged (22–24 months)
rats. To define potential distinctive patterns of these
pathogenic mechanisms, mean arterial blood pressure was
measured as the main outcome of CIH exposure. In young
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rats, CIH augmented carotid body (CB) sensory responses
to hypoxia, decreased hypoxic ventilation and augmented
sympathetic activity (plasma catecholamine levels and renal
artery content and synthesis rate). An increased brainstem
integration of CB sensory input as a trigger of sympathetic
activity was suggested. CIH also caused an oxidative status
decreasing the aconitase/fumarase ratio and superoxide
dismutase activity. In aged animals, CIH minimally
affected CB responses, ventilation and sympathetic-related
parameters, leaving redox status unaltered. In young
animals, CIH caused hypertension and in aged animals,
whose baseline blood pressure was augmented, CIH did not
augment it further.
Endurance exercise training and skeletal
muscle oxidative capacity in chronic obstructive
pulmonary disease (COPD) are linked by genetic
variants
COPD presents several extrapulmonary manifestations,
including cachexia and skeletal muscle dysfunction,
contributing to mortality. Skeletal muscle dysfunction
occurs in all stages of COPD and is characterized by
significant loss of muscle strength and endurance, together
with a loss of skeletal muscle oxidative capacity (14). Leg
muscle dysfunction significantly influences symptoms and
health related quality of life, and exacerbates dyspnea and
morbidity. However, in contrast to the lungs, alterations
in skeletal muscles are potentially be reversed by exercise
training (15). A large fraction of variance in aerobic capacity
gained by exercise training is accounted for by 11 single
nucleotide polymorphisms (16). Taking into account this
information, Rossiter et al. hypothesized that the 11 single
nucleotide polymorphisms (SNPs) previously associated
with responsiveness to training could be associated with
low muscle oxidative capacity in COPD (17). Calf oxidative
capacity was assessed at rest from the O 2 consumption
recovery rate constant (k) measured by near-infrared
spectroscopy in 195 participants, 90 of them with COPD
(GOLD 1–4, n=28/34/18/10). Genetic association analyses
were adjusted for age, weight, FEV1%pred and physical
activity (triaxial accelerometry). Results showed that COPD
patients had lower oxidative capacity (k) (1.27±0.39 min−1)
than controls (1.68±0.49 min−1). The authors concluded
that specific genetic variants associated with traininginduced gain in aerobic capacity may be associated with
low muscle oxidative capacity in COPD. In particular,
DEPDC6 appear to be associated with myofiber switch
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from oxidative to glycolytic metabolism, and TTN (titin)
in muscle passive stiffness and elasticity. Although larger
populations and mechanistic studies are needed to further
confirm these findings, these results indicate that at least
part of the heterogeneity in adaptation to exercise therapy
might originate from variation in gene sequence influencing
the complex biological networks mediating the response
to aerobic exercise training. Identification of individuals
with a particular risk profile is the first step toward the
implementation of personalized medicine, providing a
significant new milestone in the field.
Reduced voluntary activation and increased
intracortical inhibition in OSA patients
Reduced muscle strength, endurance with structural and
bioenergetic changes have been reported in the skeletal
muscle of severe OSA patients (18). Very recently, the
severity of OSA was found to be associated with an
increased skeletal muscle mass index and decreased skeletal
muscle density (19). Higher intracortical inhibition was
previously reported at rest in moderate-to-severe OSA
by transcranial magnetic stimulation, suggesting central
neuromuscular impairment in these patients (20).
The work presented by Marillier et al. investigated
the neuromuscular mechanisms of exercise-induced
fatigue in severe OSA patients before and after an 8-week
continuous positive airway pressure (CPAP) treatment (21).
Twelve OSA patients and 11 matched controls were
studied. Time to exhaustion was ~30% lower (P=0.017) in
OSA patients compared to controls. Voluntary activation
levels assessed by femoral nerve electrical stimulation
(VAFNES) (86%±10% vs. 89%±8%, P=0.022) and
voluntary activation levels assessed by transcranial magnetic
stimulation (VATMS) (86%±16% vs. 91%±7%, P=0.049)
were lower in OSA patients before and during repeated
isometric knee extensions. Based on these results, OSA
patients may have reduced knee extensors strength and
endurance due to central activation deficit and increased
intracortical inhibition. After 8-week of CPAP treatment,
the neuromuscular impairments were not reversed. Several
studies have shown a favorable effect of supervised exercise
training in OSA patients, reducing the severity of the
disease and improving cardiorespiratory fitness, daytime
sleepiness, and sleep efficiency. This study emphasizes the
potential value of exercise in the management of OSA to
sustain muscle strength and endurance. Also, it is important
to consider that exercise not only can improve OSA, but
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decreased the severity of central sleep apnea in chronic
heart failure patients (22,23). Therefore, exercise-training
could be helpful to mitigate the cardiovascular disease,
impaired glucose tolerance, and fatigue associated to sleep
disordered breathing.
Limitations of exercise tolerance in patients
with idiopathic pulmonary fibrosis (IPF)
Exercise limitation in patients with IPF has been
attributed to mechanical constraint of ventilation and
oxygen desaturation during cardiopulmonary exercise
test (CPET) (24). In previous work, PH was found in
14% of patients with interstitial lung disease (ILD), and
was associated to IPF presenting lower lung function
parameters (25). Furthermore ventilation/perfusion
imbalance has been described in those patients with
complicated pulmonary hypertension (PH) (26,27). Thus,
these data emphasize the need for intensified treatment
of IPF patients presenting PH. In the study presented
by Chlumsky et al., the limits of exercise tolerance in
IPF were investigated (28). In particular, they aimed to
detect PH and test whether supplemental oxygen may
improve exercise tolerance in those with significant
oxygen desaturation. Fifty two patients with diagnosed
IPF according to ATS/ERS criteria (VC 69±16 %pred,
TLCO 49±14 %pred) were included in the study.
PeakVO2 (%predicted) showed positive correlation to tidal
volume to vital capacity ratio (VT/VC) (pE/VCO2 ratio at
anaerobic threshold (P=0.005). The authors did not found
any relationship between exercise tolerance and changes
in SpO2. PH was associated with higher VE/VCO2 ratio
and lower transfer coefficient (KCO). Exercise tolerance
in IPF seems to be limited mainly by mechanical constrain
of ventilation and/or high dead space ventilation, while
hypoxemia plays a minor role. Supplemental oxygen
increased exercise tolerance, decreased physiological dead
space and ventilatory demand during CPET, mainly in
those with PH. Exercise training has been proven to be a
safe and effective behavioral intervention for prevention
and rehabilitation of chronic conditions and recent results
provide evidence of the safety and efficacy of exercise
training intervention for IPF. However, while the benefits
of exercise training in IPF patients have been described,
the optimal program and limitations to exercise tolerance
in these patients are still lacking. Therefore, the work
presented by Chlumsky et al. elucidates that there are
clear pathophysiological limitations in IPF patients that
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need to be taken into consideration when recommending
supervised exercise training based pulmonary rehabilitation
programs as the standard of care for IPF patients.
In conclusion, the studies presented highlight some
translational aspects of current research on Clinical
Physiology and Sleep, with a potential high impact in
clinical practice. The physiological approach is essential to
understand both the pathogenesis of clinical symptoms, like
dyspnea, in respiratory diseases, and the complex interaction
of control of breathing and sleep in different pathological
conditions such as obesity, cancer and heart failure.
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