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New Uses for Old Biomarkers in COPD and Obstructive Sleep Apnea?* @cmsmk

Viejos biomarcadores, ;nuevas utilidades en epoc y apnea obstructiva del suefio?

Cristina Represas-Represas, Maribel Botana-Rial, Alberto Fernandez-Villar*
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A key element in personalized medicine in chronic respiratory
diseases such as chronic obstructive pulmonary disease (COPD) or
obstructive sleep apnea (OSA) has been the hunt for new biomark-
ers that are easy to obtain and determine, that are reproducible,
precise, inexpensive, and associated with the key physiopatho-
logical processes involved in disease progression, and that can
improve patient risk stratification and provide potential thera-
peutic benefit.!2 Studies in COPD patients have examined the
association of analytical parameters obtained from such routine
procedures as a complete blood count, including total eosinophil
and leukocyte counts or hemoglobin concentration, with therapeu-
tic response or the prediction of complications or disease course. !
Old biomarkers, that we thought were of little use in these diseases,
are once again in the limelight. The 2 original studies published in
this edition of Archivos de Bronconeumologia®“# suggest that some-
thing similar may be happening with red cell distribution width
(RDW). This parameter is determined from a standard blood test
and measures variability in the size of circulating erythrocytes. It is
calculated from a mathematical formula, so it does not involve any
added cost. Although values may vary slightly depending on the
laboratory, distribution is generally normal and the range is from
11% to 16%.

RDW, as part of the complete blood count, provides valuable
information on anemias, but some recent studies have also shown
that high RDW values may reflect underlying chronic inflamma-
tory processes associated with a risk of cardiovascular disease and
mortality.” A meta-analysis of studies associating RDW and mor-
tality in the elderly revealed that for each 1% increment in RDW,
the overall risk of death rose by 14%, and elevated values were
consistently associated with the risk of cardiovascular or cancer
death (13%).° Even in elderly individuals with no underlying dis-
ease, RDW is a strong predictor of mortality, although the biological
mechanisms that might explain this phenomenon remain unclear.®

More and more studies are relating RDW with different diseases.
For example, it has been shown to be useful in predicting sep-
sis, where elevated RDW has been associated with positive blood
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cultures, or in predicting mortality in patients with community-
acquired pneumonia and patients undergoing hemodialysis.”~?
Patients who suffer panic attacks were found to have higher RDW
values than healthy individuals, and the authors of the study pro-
posed RDW as a new marker for this psychiatric disorder.'? Another
study also showed an association between RDW and smoking: RDW
values were higher in healthy smokers than in non-smokers, and
correlated positively with the number of cigarettes smoked per day
and smoking duration.!! It seems, then, that raised RDW is a good
marker of inflammatory activity in smokers, so it may also have an
important role in diseases such as COPD and OSA.

In this edition of Archivos de Bronconeumologia, Ozgul et al.>
published a paper in which they analyze RDW values in a large
cohort of stable COPD patients and healthy individuals. One of the
variables they explore is the presence of cardiovascular disease,
determined by an expert cardiologist on the basis of a clinical evalu-
ation, electrocardiogram, and echocardiogram. RDW in these COPD
patients was significantly higher than in the group of healthy con-
trols, and showed a weak but significant correlation with C-reactive
protein (CRP), right ventricular dysfunction, pulmonary arterial
hypertension, cardiovascular disease, and hemoglobin levels. The
correlation with serum albumin was negative. In the healthy pop-
ulation, a moderately significant positive correlation was found
between RDW and number of cigarettes smoked per day, in line
with previously published data.!! The physiopathological mecha-
nism of this association, in COPD at least, is thought to be associated
with the release of inflammatory cytokines that might affect bone
marrow function, inhibiting erythropoietin-induced erythrocyte
maturation, and as a consequence, increasing RDW.'? In COPD,
RDW is an independent predictive factor for cardiovascular dis-
ease. Using an RDW cut off point of 16.9, sensitivity and specificity
for the diagnosis of right ventricular dysfunction in this study were
78% and 89%, respectively.’

In the second study, Le6n Subias et al.* analyzed the utility
of RDW as a biomarker for identifying the presence and sever-
ity of OSA in subjects with suspected sleep-disordered breathing.
In addition to a domiciliary cardiorespiratory polygraphy, they
determined RDW from a complete blood count at baseline and
after 1 year of follow-up. The most significant results were that
RDW was higher in OSA patients than in healthy individuals, and
that RDW values in these subjects were independently associated
with severity, measured by the apnea-hypopnea index or by time
of hypoxemia, although these correlations were weak.* However,
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RDW values were curiously unaffected by effective treatment of
OSA with CPAP, which would support previous findings on the
limited efficacy of CPAP in reducing OSA-related systemic inflam-
matory status.!?

The advantage of RDW over other inflammatory markers, such
as interleukins or TNF, is that it is already included in the routine
complete blood count performed in all patients, it is inexpensive,
and may be even more sensitive than CRP for predicting right ven-
tricular dysfunction and cardiovascular disease in COPD patients.
Although RDW has been around for many years, it appears to be a
promising biomarker. However, more studies will have to be per-
formed in larger patient populations if its real predictive value is
to be determined, and if it is to be included in COPD prognostic
scores or as a parameter for guiding decision-making in patients
with suspected OSA.1415

References

1. Hollander Z, de Marco ML, Sadatsafavi M, McManus BM, Ng RT, Sin DD.
Biomarker development in COPD: moving from p-values to products to impact
patient care. Chest. 2016 [in press].

2. Archontogeorgis K, Nena E, Papanas N, Steiropoulos P. Biomarkers to improve
diagnosis and monitoring of obstructive sleep apnea syndrome: current status
and future perspectives. Pulm Med. 2014;2014:930535.

3. Ozgul G, Seyhan EC, Ozgiil MA, Giinliioglu MZ. Red blood cell distribution width
in patients with chronic obstructive pulmonary disease and healthy subjects.
Arch Bronconeumol. 2017;53:107-13.

4. Leé6n Subias E, Gémara de la Cal S, Marin Trigo JM. Red cell distribution width in
obstructive sleep apnea. Arch Bronconeumol. 2017;53:114-9.

5. Felker GM, Allen LA, Pocock S], Shaw LK, McMurray J], Pfeffer MA, et al. Red cell
distribution width as a novel prognostic marker in heart failure: data from the
CHARM Program and the Duke Databank. J Am Coll Cardiol. 2007;50:40-7.

6. Patel KV, Semba RD, Ferrucci L, Newman AB, Fried LP, Wallace RB, et al. Red cell
distribution width and mortality in older adults: a meta-analysis. ] Gerontol A
Biol Sci Med Sci. 2010;65:258-65.

7. Zhang HB, Chen ], Lan QF, Ma X], Zhang SY. Diagnostic values of red cell distribu-
tion width, platelet distribution width and neutrophil-lymphocyte count ratio
for sepsis. Exp Ther Med. 2016;12:2215-9.

8. Lee SM, Lee JH, Kim K, Jo YH, Lee ], Kim ], et al. The clinical significance of changes
inred blood cell distribution width in patients with community-acquired pneu-
monia. Clin Exp Emerg Med. 2016;3:139-47.

9. Chen X, Shen B, Zou ], Liu Z, Lv W, Cao X, et al. The prognostic value of red blood
cell distribution width in patients on maintenance hemodialysis. Blood Purif.
2016;42:314-21.

10. Asoglu M, Aslan M, Imre O, Kivrak Y, Akil O, Savik E, et al. Mean platelet vol-
ume and red cell distribution width levels in initial evaluation of panic disorder.
Neuropsychiatr Dis Treat. 2016;12:2435-8.

11. Kurtoglu E, Aktiirk E, Korkmaz H, Sincer I, Yilmaz M, Erdem K, et al. Elevated
red blood cell distribution width in healthy smokers. Turk Kardiyol Dern Ars.
2013;41:199-206.

12. Pierce CN, Larson DF. Inflammatory cytokine inhibition of erythropoiesis in
patients implanted with a mechanical circulatory assist device. Perfusion.
2005;20:83-90.

13. Stradling JR, Craig SE, Kohler M, Nicoll D, Ayers L, Nunn A], et al. Markers of
inflammation: data from the MOSAIC randomised trial of CPAP for minimally
symptomatic OSA. Thorax. 2015;70:181-2.

14. Seyhan EC, Ozgiil MA, Tutar N, Omiir I, Uysal A, Altin S. Red blood cell distribu-
tion and survival in patients with chronic obstructive pulmonary disease. COPD.
2013;10:416-24.

15. Gunbatar H, Sertogullarindan B, Ekin S, Akdag S, Arisoy A, Sayhan H. The cor-
relation between red blood cell distribution width levels with the severity of
obstructive sleep apnea and carotid intima media thickness. Med Sci Monit.
2014;20:2199-204.


http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0080
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0085
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0090
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0095
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0100
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0105
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0110
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0115
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0120
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0125
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0130
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0135
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0140
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0145
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150
http://refhub.elsevier.com/S1579-2129(16)30349-4/sbref0150

	New Uses for Old Biomarkers in COPD and Obstructive Sleep Apnea?
	References


