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Summary at a glance

Intermittent hypoxia, endothelial dysfunction and adipose tissue mediated
inflammation have been proposed as mechanisms of the development of
cardiovascular disease in OSA. We explored changes in associated biomarkers after
CPAP withdrawal. Return of OSA led to a small reduction in adrenomedullin with no

significant change in other cardiovascular markers.
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ABSTRACT

Background and objective

Obstructive sleep apnoea (OSA) is associated with cardiovascular disease. Intermittent
hypoxia, endothelial dysfunction and adipose tissue mediated inflammation have all
been linked to cardiovascular disease in OSA. We have therefore explored the effect of
OSA on relevant associated blood markers; adrenomedullin, endocan, endothelin-1,

resistin and vascular endothelial growth factor.

Methods

Patients with OSA, established on and compliant with continuous positive airways
pressure (CPAP) therapy for > 1 year were included from three randomised controlled
trials, conducted at two centres. Patients were randomised to either continued
therapeutic CPAP or sham CPAP (CPAP withdrawal) for two weeks. Blood markers were
measured at baseline and at 14 days, and the treatment effect between sham CPAP

and therapeutic CPAP was analysed.

Results

109 patients were studied (therapeutic CPAP n=54, sham CPAP n=55). Sham CPAP was
associated with a return of OSA (between-group difference in ODI +36.0/h, 95%ClI
+29.9 to +42.2, p<0.001). Sham CPAP was associated with a reduction in
adrenomedullin levels at 14 days (-26.0 pg/ml, 95%Cl -47.8 to -4.3, p=0.02), compared
to therapeutic CPAP. Return of OSA was not associated with changes in endocan,

endothelin-1, resistin or vascular endothelial growth factor.



Conclusions

Whilst CPAP withdrawal was associated with return of OSA, it was associated with an
unexpected significant reduction in the vasodilator adrenomedullin and not with
expected increases in hypoxia-induced markers, markers of endothelial function, or
resistin. We propose that the vascular effects occurring in OSA may be brought about

by other mechanisms, perhaps partly through a reduction in adrenomedullin.
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INTRODUCTION

Obstructive sleep apnoea (OSA) syndrome is a common condition affecting
approximately 4% of middle aged adults.® OSA is recognised as an independent risk
factor for arterial hypertension,?3 and is associated with cardiovascular disease.* The
underlying mechanisms for the association of OSA with cardiovascular disease are not
fully understood. There is a clear association between OSA and endothelial
dysfunction,>® but the relative roles of chronic intermittent hypoxia and inflammation

in the development of cardiovascular disease remain unclear.’

Blood markers of cardiovascular disease have previously been explored in OSA. Cohort
studies have explored differences in cardiovascular markers induced by hypoxia, via
hypoxia inducible factor (HIF) activation. Both adrenomedullin (ADM), an endothelial-
derived vasodilator,®® and endothelin-1 (ET-1), an endothelium-derived
vasoconstrictor,!? have been reported to be increased in OSA. Counter intuitively the
increased ADM levels found in OSA have been proposed as an adaptive mechanism
protective against cardiovascular disease.? The effects of OSA on vascular endothelial

growth factor (VEGF), an angiogenesis stimulator, are not clear.114

Endocan, an endothelial derived protein, is thought to play a role in endothelium-
dependent pathology and is a surrogate marker of endothelial dysfunction.!® Increased
levels of endocan have been reported in OSA,*®7 and associated with endothelial
dysfunction.!’ Resistin, an adipose derived cytokine, is produced in adipose tissue
mediated inflammation and is linked with endothelial dysfunction and cardiovascular

risk.’® Resistin has been proposed as a marker of cardiovascular disease in OSA.*®



CPAP withdrawal has been used previously as a model to explore the physiological
effects of OSA. It has been shown to lead to dramatic return of OSA associated with a
considerable rise in blood pressure (especially early morning), catecholamine
excretion, and reduced endothelial function.> CPAP withdrawal is a powerful model for
evaluating the effects of OSA by overcoming most of the problems of confounding

variables.

We hypothesised that return of OSA during CPAP withdrawal would adversely change
blood markers of cardiovascular disease. Therefore, we aimed to explore the effects of
OSA in a CPAP withdrawal model on the following blood markers of cardiovascular
disease; hypoxic regulated proteins (ADM, ET-1, and VEGF), on a marker of endothelial

dysfunction (endocan), and on an adipose tissue derived protein (resistin).



METHODS

Trial design

These data come from three randomised controlled trials with similar protocols. Full
methodology and primary outcome data for these trials have been published
previously.>?%21 All three trials randomised patients with known OSA, established on
and compliant with CPAP therapy, to either continued therapeutic CPAP or sham CPAP
(CPAP withdrawal) for 14 days. The trials were registered (controlled trials.com ISRCTN
93153804, ISRCTN 73047833 and clinicaltrials.gov NCT 01797653) and approved by the
local ethics committee (University Hospital Zurich REC Ref EK-1600, NRES Committee
South West — Exeter Ref 12/SW/0254, Zurich Cantonal EC Ref KEK-ZH-NR.2012-0511).
The trials were conducted in accordance with the amended Declaration of Helsinki.

Written informed consent was taken from all participants.

Patients

Patients with OSA were recruited from the sleep database of the Sleep Disorders
Centre of the University Hospital Zurich, Switzerland and the Oxford Centre for
Respiratory Medicine of the Churchill Hospital, UK. Patients were eligible if they were;
aged 20-75 years, had OSA and an oxygen desaturation index (ODI) >10/h,> or
20/h,2%21 on their original sleep study, had been treated with CPAP for > 12 months,
and had an average CPAP usage of > 4 hours/night. Following written informed
consent, patients underwent pre-trial overnight pulse oximetry during withdrawing
CPAP for four nights to determine eligibility. In one trial patients were included if their

ODI was > 10/h during the initial pre-trial period off CPAP.> In the other two trials



patients were included if their ODI > 20/h during the initial pre-trial period off
CPAP.2921 patients were excluded if they had previous ventilatory failure, Cheyne-
Stokes breathing, unstable coronary artery disease, unstable peripheral arterial
disease, severe arterial hypertension (>180/110mmHg), severe arterial hypotension
(<90/60 mmHg), were a professional driver, had a history of sleep related accidents, or

had an acute upper respiratory tract infection.

Intervention, randomisation and blinding

After the initial pre-trial screening week, patients returned onto CPAP therapy for at
least 7 days in one trial,> and at least 14 days in the other two.292! Following baseline
assessments patients were then randomised in a 1:1 ratio to either continue
therapeutic CPAP or to sham CPAP for 14 days (CPAP withdrawal). Methods of
randomisation have previously been described.>?%?! Outcome assessors and patients

were blinded to treatment allocation.

Therapeutic CPAP and sham CPAP

Those randomised to therapeutic CPAP had received a new trial CPAP machine
delivering a therapeutic pressure. Patients allocated to sham CPAP received a device
set to the lowest pressure (4 cmH;0), the delivered pressure was lowered further by
inserting 6 extra holes in the mask end of the CPAP tubing and fitting a flow restricting
device at the machine end of the tubing. The mask pressure delivered by sham CPAP

was <1lcmH;0.



Sleep studies

Sleep studies were performed the night prior to randomisation whilst on CPAP and on
the 14™ night of the trial either on therapeutic CPAP or sham CPAP. Sleep studies were
performed either at home (Oxford; Black Shadow, Stowood Scientific Instruments,
Oxford, UK) or in-hospital (Zurich; Alice 5, Philips Respironics AG, Zofingen,
Switzerland). The oxygen desaturation index (ODI) was defined as dips in oxygen

saturations >4%.

Trial outcomes: blood cardiovascular markers

The main outcomes were the change in the following cardiovascular blood markers:
ADM, endocan, ET-1, resistin, and VEGF. Other outcomes were changes in EPO levels
(as a comparator that is known to be by hypoxically regulated), the change in ODI, the
change in Epworth sleepiness score (ESS), the change in blood pressure and the change
in heart rate. Changes from baseline to follow-up were compared, sham CPAP versus
therapeutic CPAP. Blood samples were collected in the early morning at baseline and
at 14 day follow-up and the samples were stored at -80°C for later analysis.
Commercially available enzyme-linked immunosorbent assay (ELISA) kits were used for
analysis: ADM (Caltag Medisystems #E-EL-H0275), ET-1 (R&D-Systems #QETO0B),
endocan (Aviscera #SK00318-01), EPO (R&D Systems #DEP00), resistin (BioVendor
#RD191016100) and VEGF (R&D Systems #DVE0O0). EDTA plasma was used for all tests
except for VEGF, which was performed on serum. Samples were measured in

duplicate, except for VEGF which was measured in triplicate.

Statistical analysis



Data are presented as mean * standard deviation where normally distributed, and
median (1% quartile, 3™ quartile) when not. Treatment effects (Sham CPAP versus
therapeutic CPAP) on follow-up blood protein levels were modelled using linear

regression (SPSS, Version 20: IBM, Portsmouth, UK), controlling for baseline blood

protein level, age, gender, BMI, smoking status, recruiting centre and comorbidities.

Change in blood marker levels were approximately normally distributed where

baseline and follow-up blood marker levels were not.
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RESULTS

The trial profile is shown in Figure 1. 109 patients were included in this study, 86 from
Zurich and 23 from Oxford. 55 patients were randomised to sham CPAP (CPAP
withdrawal) and 54 patients to therapeutic CPAP. Baseline characteristics are reported

in Table 1.

There was a significant effect of CPAP withdrawal on ODI of +36.0/h (95%Cl +29.9 to
+42.2, p<0.001) and ESS of +3.9 (95%Cl +2.7 to +5.0, p<0.001) at 14 days compared to
therapeutic CPAP. CPAP withdrawal had significant effects on morning systolic blood
pressure (mean difference +4.6mmHg, 95% Cl +0.2 to +9.0, p=0.04), morning diastolic
blood pressure (mean difference +5.0, 95% Cl +1.8 to +8.3, p=0.002) and morning
heart rate (mean difference +6.2mmHg, 95% Cl +2.9 to +9.6, p<0.001) compared to

therapeutic CPAP.

There was a significant effect of CPAP withdrawal on ADM levels of -26.0 pg/ml (95%Cl
-47.8 to -4.3, p=0.02) at 14 days, versus therapeutic CPAP (Figure 2). No other protein
marker significantly changed during CPAP withdrawal at 14 days, versus therapeutic

CPAP (Table 2).
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DISCUSSION

We present data from three randomised controlled trials showing that return of OSA
during CPAP withdrawal for 14 days was not associated with changes in hypoxia
regulated proteins, protein markers of endothelial dysfunction, or in resistin, an
adipocyte derived protein. However, we found an unexpected small reduction in
adrenomedullin levels, an endothelial-derived vasodilator, with CPAP withdrawal.
These results differ from sustained hypoxia, models of intermittent hypoxia and cohort

studies of patients with OSA.

The effect of chronic intermittent hypoxia in OSA on blood markers

Obstructive apnoeas and hypopnoeas typically lead to intermittent arterial oxygen
desaturations. Murine models of intermittent hypoxia led to arterial hypertension,??-2*
atherosclerosis,?® endothelial dysfunction,?® and oxidative stress.?” However, these
animal experiments often only model longer-cycle intermittent hypoxia and differ from
OSA in causing hypocapnic hypoxia and as they do not simulate the asphyxia of upper

airway obstruction. It is therefore important to study the mechanism of vascular

damage in patients with OSA.

We explored the effects of OSA during CPAP withdrawal on ADM, ET-1 and VEGF,
which are activated via HIF during hypoxic conditions. Cohort studies have suggested
that these blood proteins play a role in cardiovascular disease in OSA.%12 We found no
increases in these markers during CPAP withdrawal. The intermittent hypoxia of OSA
may not be severe enough to cause an upregulation of these markers or may differ

from sustained hypoxia in the pathways it activates. Indeed, to support this, EPO levels
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III

(used as a “control”, known to be upregulated in plasma in response to sustained

hypoxia in humans),?® did not significantly change.

Unexpectedly we found a small significant reduction (but with a high degree of
variability) in ADM levels in patients following CPAP withdrawal. ADM levels have
previously been reported to be increased in untreated OSA patients compared with
patients without OSA,%° and activation by intermittent hypoxia in OSA has been
proposed to have a protective role against cardiovascular disease. Our results suggest
that intermittent hypoxia seen in OSA may not be responsible for the increases in ADM
previously reported. Rather, the reduction in ADM levels we observe after CPAP
withdrawal are likely brought about by other mechanisms other than intermittent
hypoxia. While the mechanism responsible is not known, reductions in levels of the
vasodilator ADM could have a deleterious effect by contributing to hypertension and

worsening atherosclerosis.?°

Our findings from the CPAP withdrawal model showing no changes in VEGF in response
to OSA recurrence are in concordance with a previous CPAP withdrawal trial.3° Our
study differs from this previous CPAP withdrawal trial by including a control arm of

therapeutic CPAP and withdrawing CPAP for 14 days instead of 7 days.

Endocan

Endothelial dysfunction is thought to be an early and important step in the
development of cardiovascular disease.3! Reduced endothelial function has been
shown to be associated with OSA; endothelial function improves with CPAP therapy,®3?

and worsens with withdrawal of CPAP.> Endocan is an endothelial-derived protein and
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has been proposed to both contribute to the development of, and act as a surrogate
marker of endothelial dysfunction and cardiovascular disease. In observational
studies, endocan levels have been reported to be increased in OSA patients compared
to healthy control subjects,'®'” and elevated levels were associated with endothelial
dysfunction and atherosclerosis.!” In a cohort study, CPAP treatment led to decreases
in endocan levels in OSA patients.!” We have not found differences in endocan levels,
despite our previous finding of significant endothelial dysfunction in response to CPAP
withdrawal as assessed by flow-mediated dilatation using the same model.> Although a
significant proportion of patients had undetectable endocan levels, a post hoc
sensitivity analysis looking at just those with detectable levels did not change this
result (treatment effect +0.8ng/ml, 95%Cl -2.0, +3.7, p=0.54). This suggests that

endocan is not necessarily useful as a marker of endothelial dysfunction in this group.

Resistin

Resistin, an adipose derived cytokine, has been suggested as an important link
between OSA, obesity and inflammation.® This link is not certain, and others reported
no difference in resistin levels in OSA patients,33 or found a reduction in resistin
levels.3* Reductions in resistin levels have been reported with CPAP treatment,'® whilst
others report no change in resistin levels with CPAP therapy.3>3¢ Our results show that
resistin levels are not changed during return of OSA seen in CPAP withdrawal
suggesting that it does not contribute to endothelial dysfunction seen with CPAP

withdrawal.

Limitations

14



This study does have some important limitations to consider. The data presented here
are from three trials with primary outcomes published elsewhere and the outcomes
from this study are thus exploratory and hypothesis-generating. CPAP was only
withdrawn for 14 days, and markers of cardiovascular risk in OSA may require longer
exposure to OSA to change. However, 14 days is sufficient time to see a large relevant
rise in blood pressure, increased sympathetic activity and endothelial dysfunction to
develop.’ Patients prepared to undergo CPAP withdrawal are a selected population as
during pre-trial screening a significant proportion either did not have sufficient return
of OSA, or were unable to continue due to being unable to tolerate being off CPAP. The
inclusion of patients with mild to moderate OSA may mean that treatment effects
observed only in severe OSA may have been missed. However, almost half of our
patients (51.9% in the sham CPAP group and 42.6% in the therapeutic CPAP group) had
severe OSA (ODI>30/h). Patients were well matched by randomisation and did not
have the confounding effect of variable compliance seen when studying CPAP naive

patients.

Conclusions

Intermittent hypoxia, endothelial dysfunction and adipose tissue derived inflammation
are thought to be important processes in the development of cardiovascular disease in
OSA. Whilst CPAP withdrawal was associated with return of OSA and blood pressure
rises we found no significant increases in hypoxia-induced markers and endothelial-
derived inflammatory and vasoconstrictive substances. CPAP-withdrawal was

associated with an unexpected decrease in the vasodilatory protein ADM. This

15



suggests that the particular pattern of IH in OSA does not have the same effects as
sustained hypoxia and that the endothelial dysfunction seen in CPAP withdrawal is not
reflected in changes in these endothelial markers. We propose that the vascular
effects occurring in OSA may be brought about by other mechanisms, perhaps partly

through a reduction in the endothelium derived vasodilator ADM.

ACKNOWLEDGEMENTS

This project was funded by Swiss National Science Foundation, Clinical Research
Priority Program Sleep&Health of the University of Zurich. The authors would like to
acknowledge the support and funding from the Swiss National Science Foundation and

the support of the NIHR Biomedical Research Centre Oxford.

16



REFERENCES

1. YoungT, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-

disordered breathing among middle-aged adults. N Engl J Med. 1993; 328:1230-5.

2. Davies CW, Crosby JH, Mullins RL, Barbour C, Davies RJ, Stradling JR. Case-control
study of 24 hour ambulatory blood pressure in patients with obstructive sleep

apnoea and normal matched control subjects. Thorax. 2000; 55:736-40.

3. Pepperell JCT, Ramdassingh-Dow S, Crosthwaite N, Mullins R, Jenkinson C,
Stradling JR, Davies RJ. Ambulatory blood pressure after therapeutic and
subtherapeutic nasal continuous positive airway pressure for obstructive sleep

apnoea: a randomised parallel trial. Lancet. 2002; 359:204-10.

4. Marin JM, Carrizo SJ, Vicente E, Agusti AGN. Long-term cardiovascular outcomes in
men with obstructive sleep apnoea-hypopnoea with or without treatment with
continuous positive airway pressure: an observational study. Lancet. 2005; 365:

1046-53.

5. Kohler M, Stoewhas A-C, Ayers L, Senn O, Bloch KE, Russi EW, Stradling JR. Effects
of continuous positive airway pressure therapy withdrawal in patients with
obstructive sleep apnea: a randomized controlled trial. Am J Respir Crit Care Med.

2011; 184:1192-9.

6. Kohler M, Craig S, Pepperell JCT, Nicoll D, Bratton DJ, Nunn AJ, Leeson P, Stradling
JR. CPAP improves endothelial function in patients with minimally symptomatic

OSA: results from a subset study of the MOSAIC trial. Chest. 2013; 144:896-902.

17



7.

10.

11.

12.

Kohler M, Stradling JR. Mechanisms of vascular damage in obstructive sleep apnea.

Nat Rev Cardiol. 2010; 7:677-85.

Schulz R, Flototto C, Jahn A, Eisele HJ, Weissmann N, Seeger W, et al. Circulating

adrenomedullin in obstructive sleep apnoea. J Sleep Res. 2006; 15:89-95.

Teramoto S, Yamaguchi Y, Yamamoto H, Hanaoka Y, Ishii M, Hibi S, Kume H,
Akishita M, Ouchi Y. Effects of age and sex on plasma adrenomedullin levels in

patients with obstructive sleep apnea syndrome. ] Am Geriatr Soc. 2007; 55:1891—

Phillips BG, Narkiewicz K, Pesek CA, Haynes WG, Dyken ME, Somers VK. Effects of
obstructive sleep apnea on endothelin-1 and blood pressure. J Hypertens. 1999;

17:61-6.

Briancon-Marjollet A, Henri M, Pépin J-L, Lemarié E, Lévy P, Tamisier R. Altered in
vitro endothelial repair and monocyte migration in obstructive sleep apnea:

implication of VEGF and CRP. Sleep. 2014; 37:1825-32.

Peled N, Shitrit D, Bendayan D, Peled E, Kramer MR. Association of elevated levels
of vascular endothelial growth factor in obstructive sleep apnea syndrome with
patient age rather than with obstructive sleep apnea syndrome severity. Respir Int

Rev Thorac Dis. 2007; 74:50-5.

18



13.

14.

15.

16.

17.

18.

19.

Valipour A, Litschauer B, Mittermayer F, Rauscher H, Burghuber OC, Wolzt M.
Circulating plasma levels of vascular endothelial growth factor in patients with

sleep disordered breathing. Respir Med. 2004; 98:1180-6.

Maeder MT, Strobel W, Christ M, Todd J, Estis J, Wildi K, Thalmann G, Hilti J,
Twerenbold R, Rickli H, Mueller C. Comprehensive biomarker profiling in patients

with obstructive sleep apnea. Clin Biochem. 2015; 48:340-6.

Balta S, Mikhailidis DP, Demirkol S, Ozturk C, Celik T, lyisoy A. Endocan: A novel
inflammatory indicator in cardiovascular disease? Atherosclerosis. 2015; 243:339—

43.

Bingol Z, Kose M, Pihtili A, Akpinar T, Tukek T, Kiyan E. Serum endothelial cell
specific molecule-1 (endocan) levels in patients with obstructive sleep apnea.

Biomark Med. 2016; 10(2):177-84.

Altintas N, Mutlu LC, Akkoyun DC, Aydin M, Bilir B, Yilmaz A, Malhotra A. Effect of
CPAP on New Endothelial Dysfunction Marker, Endocan, in People With

Obstructive Sleep Apnea. Angiology. 2016; 67:364—74.

Ntaios G, Gatselis NK, Makaritsis K, Dalekos GN. Adipokines as mediators of

endothelial function and atherosclerosis. Atherosclerosis. 2013; 227:216-21.

Yamamoto Y, Fujiuchi S, Hiramatsu M, Nishigaki Y, Takeda A, Fujita Y, Yamazaki Y.
Resistin is closely related to systemic inflammation in obstructive sleep apnea.

Respir Int Rev Thorac Dis. 2008; 76:377-85.

19



20.

21.

22.

23.

24.

25.

Stradling JR, Schwarz El, Schlatzer C, Manuel AR, Lee R, Antoniades C, Kohler M.
Biomarkers of oxidative stress following continuous positive airway pressure

withdrawal: data from two randomised trials. Eur Respir J. 2015; 46:1065-71.

Schwarz El, Schlatzer C, Stehli J, Kaufmann PA, Bloch KE, Stradling JR, Kohler M.
Effect of CPAP Withdrawal on myocardial perfusion in OSA: A randomized

controlled trial. Respirology 2016; 21:1126-33.

Fletcher EC, Lesske J, Qian W, Miller CC, Unger T. Repetitive, episodic hypoxia

causes diurnal elevation of blood pressure in rats. Hypertension. 1992; 19:555-61.

Fletcher EC, Lesske J, Behm R, Miller CC, Stauss H, Unger T. Carotid
chemoreceptors, systemic blood pressure, and chronic episodic hypoxia mimicking

sleep apnea. J Appl Physiol. 1992; 72:1978-84.

Belaidi E, Joyeux-Faure M, Ribuot C, Launois SH, Levy P, Godin-Ribuot D. Major role
for hypoxia inducible factor-1 and the endothelin system in promoting myocardial
infarction and hypertension in an animal model of obstructive sleep apnea.J Am

Coll Cardiol. 2009; 53:1309-17.

Gileles-Hillel A, Almendros |, Khalyfa A, Zhang SX, Wang Y, Gozal D. Early
intermittent hypoxia induces proatherogenic changes in aortic wall macrophages
in @ murine model of obstructive sleep apnea. Am J Respir Crit Care Med. 2014;

190:958-61.

20



26.

27.

28.

29.

30.

31.

Tuleta |, Franca CN, Wenzel D, Fleischmann B, Nickenig G, Werner N, Skowasch D.
Intermittent Hypoxia Impairs Endothelial Function in Early Preatherosclerosis. Adv

Exp Med Biol. 2015; 858:1-7.

Lim DC, Brady DC, Po P, Chuang LP, Marcondes L, Kim EY, Keenan BT, Maislin G,
Galante RJ, Pack Al. Simulating obstructive sleep apnea patients’ oxygenation
characteristics into a mouse model of cyclical intermittent hypoxia. J Appl Physiol.

2015; 118:544-57.

Maxwell P, Ratcliffe P. Regulation of expression of the erythropoietin gene. Curr

Opin Hematol. 1998; 5:166-70.

Wong HK, Cheung TT, Cheung BMY. Adrenomedullin and cardiovascular diseases.

JRSM Cardiovasc Dis. 2012; 1(5).

Phillips CL, Yang Q, Williams A, Roth M, Yee BJ, Hedner JA, Berend N, Grunstein RR.
The effect of short-term withdrawal from continuous positive airway pressure
therapy on sympathetic activity and markers of vascular inflammation in subjects

with obstructive sleep apnoea. J Sleep Res. 2007; 16:217-25.

Ras RT, Streppel MT, Draijer R, Zock PL. Flow-mediated dilation and cardiovascular
risk prediction: a systematic review with meta-analysis. Int J Cardiol. 2013;

168:344-51.

21



32.

33.

34.

35.

36.

Schwarz El, Puhan MA, Schlatzer C, Stradling JR, Kohler M. Effect of CPAP therapy
on endothelial function in obstructive sleep apnoea: A systematic review and

meta-analysis. Respirology. 2015; 20:889-95.

Sdnchez-de-la-Torre M, Barcelé A, Piérola J, de la Pefia M, Valls J, Barbé F. Impact
of obstructive sleep apnea on the 24-h metabolic hormone profile. Sleep Med.

2014; 15:625-30.

Wysocka E, Cofta S, Dziegielewska S, Gozdzik J, Torlinski L, Batura-Gabryel H.

Adipocytokines in sleep apnea syndrome. Eur J Med Res. 2009; 14 Suppl 4:255-8.

Garcia JM, Sharafkhaneh H, Hirshkowitz M, Elkhatib R, Sharafkhaneh A. Weight and
metabolic effects of CPAP in obstructive sleep apnea patients with obesity. Respir

Res. 2011;12:80.

Harsch IA, Koebnick C, Wallaschofski H, Schahin SP, Hahn EG, Ficker JH, Lohmann T,
Konturek PC. Resistin levels in patients with obstructive sleep apnoea syndrome--
the link to subclinical inflammation? Med Sci Monit Int Med J Exp Clin Res. 2004;

10:CR510-515.

22



Therapeutic

Sham CPAP (n=55)

CPAP (n=54)
Age* 62.2+7.9 63.5+7.9
Male gender # 48 (88.9%) 49 (89.1%)
BMI kg/m?2 * 33.846.2 34.246.0
ODI at diagnosis * 41.9+19.1 46.2422.2

ODI during pre-trial

26.7 (20.9, 34.2)

31.5(20.4, 45.4)

screeningf
Coronary artery disease # 7 (13.0%) 5(9.1%)
Hypertension # 30 (55.6%) 39 (70.9%)
Diabetes # 11 (20.4%) 10 (18.2%)
Smoking status
Current # 8 (14.8%) 8 (14.5%)
Ex # 17 (31.5%) 24 (43.6%)
Never # 29 (53.7%) 23 (41.8%)

Table 1: Baseline characteristics. Data are presented as mean + standard deviation*,
median (15t quartile, 3" quartile)t, or number (%)*. ADM=adrenomedullin, BMI=body
mass index, CPAP=continuous positive airways pressure, EPO=erythropoietin, ET-
I=endothelin-1, ODI=oxygen desaturation index 24%, VEGF=vascular endothelial

growth factor.
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Therapeutic CPAP (n=54)

Sham CPAP (n=55)

Unadjusted treatment effect

Adjusted treatment effect

(TE) (TE)
Baseline # Follow-up # Baseline # Follow-up # TE (95%Cl) p TE (95%Cl) p
ADM (pg/ml) 154.7 1731 146.0 134.2 -27.5 0.01* -26.0 0.02*
(82.4,237.7) | (105.2, 247.0) (99.5, (79.0, 206.8) (-48.3,-6.8) (-47.8,-4.3)
189.6)
Endocan 0.0 0.0 0.0 0.0 +0.3 0.50 +0.1 0.87
(ng/ml) (0.0,1.2) (0.0,1.7) (0.0,0.2) (0.0,0.2) (-0.5, +1.0) (-0.7, +0.8)
EPO 11.6 12.5 10.9 10.9 -1.2 0.13 -1.3 0.12
(mIU/ml) (9.3,14.2) (10.3, 16.2) (8.9, 16.2) (8.4, 15.5) (-2.7,+0.3) (-2.8, +0.3)
ET-1 (pg/ml) 1.8 2.0 2.1 2.0 -0.2 0.16 -0.2 0.09
(1.4, 2.5) (1.7, 2.6) (1.7, 2.5) (1.6, 2.4) (-0.4, +0.0) (-0.5, +0.0)
Resistin 4.6 4.7 4.4 4.4 +2.3 0.32 +2.1 0.39
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(ng/ml) (3.9, 5.3) (3.7, 5.4) (3.8, 5.4) (3.5,5.1) (-2.3, +7.0) (-2.8, +7.1)
VEGF (pg/ml) 259.2 205.7 304.0 299.1 +24.7 0.56 +26.0 0.57
(171.1,444.8) | (128.2,384.8) | (155.9, (192.9, (-58.4, +107.7) (-64.1, +116.2)
462.5) 407.0)

Table 2: Adjusted treatment effect of sham CPAP versus therapeutic CPAP on levels of blood markers of cardiovascular disease. *p<0.05.

Adjusted treatment effect is adjusted for baseline blood protein level, age, gender, BMI, smoking status, recruiting centre and

comorbidities. t Baseline and follow-up blood marker levels expressed as median (15t quartile, 3™ quartile). ADM=adrenomedullin,

CPAP=continuous positive airways pressure, EPO=erythropoietin, ET-l1=endothelin-1,

95%CI=95% confidence interval.

VEGF=vascular endothelial growth factor,
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Figure 1: Trial Profile/ CONSORT flow diagram. 110 eligible patients with OSA were
randomly allocated to either therapeutic continuous positive airways pressure (CPAP)
or to withdraw CPAP by the use of sham CPAP. One patient from the sham CPAP group
withdrew during the trial but all other patients received the intended treatment and

completed the study.

Figure 2: Box and whisker plot of the change in adrenomedullin levels from baseline to
follow-up by treatment allocation. Solid black line represents the median, box edges
represent the 1t and 3™ quartiles, whiskers extend to 1.5 time the IQR from the 15t and
3 quariltes, and black diamonds represent the means. CPAP=Continuous positive

airways pressure. Adjusted treatment effect p=0.02.
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