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Trial registration and ethical clearance. 

The trial was registered prior to commencement (ISRCTN 73047833, Oxford; 

and NCT 01797653, Zurich). The trial was approved by the relevant research ethics 

committee (12/SW/0254, Oxford; and 2012-0511, Zurich) and written informed 

consent was obtained from participants. 

 

Patient exclusion criteria 

Exclusion criteria: ventilatory failure (awake resting arterial oxygen saturation 

<93% or arterial PCO2>6kPa), severe respiratory disorder or acute upper respiratory 

infection, unstable and untreated coronary or peripheral artery disease, severe arterial 

hypertension or hypotension, Cheyne-Stokes breathing, current professional driver, a 

history of any sleep related accident, mental or physical disability precluding 

informed consent, and problematic trial follow-up (e.g. difficulties with transport). 

Thus the patients recruited to this study represent a highly selected sub-group of 

patients on CPAP. 

 

Blinding 

Complete blinding during the experiment was not possible. The research staff 

carrying out the randomisation, provision of CPAP, and day-to-day running of the 

study were not blinded to the treatment arm allocated. In addition, patients 

randomized to sub-therapeutic CPAP were likely to have realized this, given that they 

were not CPAP naïve. Surprisingly, in our previous CPAP-withdrawal study,[1] many 

patients were in fact not aware in which arm they were. Although staff organising and 

collecting data could not be blinded, the analysis of the samples for markers of 

oxidative stress was carried out completely blind of treatment allocation.  



 

Construction of the sham CPAP 

Sub-therapeutic CPAP was achieved as previously described, essentially by 

setting the CPAP machine pressure to a fixed minimum (4 cmH2O), inserting an 

airflow restrictor at the machine end, and creating six extra holes in the CPAP tubing 

collar at the mask end, thus ensuring pressures delivered to the patient are between 0 

and 1 cmH20 with adequate CO2 washout.[2, 3]  

 

Sample preparation 

EDTA plasma (for MDA), lithium heparin plasma (for Ox-LDL), serum (for 

TAC) samples were prepared by centrifuging whole blood (within 15 minutes of 

venepuncture) for 15 minutes (4000rpm at 4°C). Fresh morning urine samples were 

collected and centrifuged (4000rpm at room temperature) for 15 minutes to remove 

cellular debris. Both urine and plasma were stored in aliquots at -80C for subsequent 

analysis. Peripheral blood mononuclear cells (PBMCs) were freshly isolated using 

density gradients (Histopaque 1077, Sigma Aldrich). Blood samples taken using 

EDTA tubes were spun at room temperature at 400xg in a brake-free centrifuge for 

30min above Histopaque; plasma was then discarded, and the remaining PBMC band 

removed, mixed with PBS to wash, and respun at room temperature at 300xg for 10 

min. Washing was repeated at least once, and again if there was visible red cell 

contamination. PBMC pellet was again resuspended in PBS and finally spun in a 

microcentrifuge at 13000rpm for 30s.  The supernatant was again removed and the 

pellet finally resuspended in PBS for freezing. The cell counts of this final 

resuspension were assessed with a Neubauer haemocytometer on a 20μl sample, the 

rest was frozen at -80°C for later analysis. 



 

Measurement of circulating markers 

There are several circulating markers of oxidative stress. The more established 

examples include plasma malondialdehyde (MDA), oxidised low density lipoprotein 

(OxLDL), total anti-oxidant capacity (TAC) and urinary F2-Isoprostane. Specific to 

circulating cells, the measurements of superoxide production by peripheral blood 

mononuclear cells (PBMCs) is another widely accepted method.[4] MDA is a well-

established marker of oxidative stress, formed when reactive oxygen species 

peroxidise polyunsaturated lipids, and MDA is one of their breakdown products[4]. 

F2-Isoprostanes are chemically stable end-products of lipid peroxidation and 

measurement in the urine gives a more integrated assessment of oxidative stress. TAC 

is a measure of the cumulative effects of low molecular weight antioxidants in a 

biological sample, and tends to fall in the presence of increased oxidative stress.[4] 

Plasma MDA levels were measured using a simple flurometric assay as 

previously described.[5, 6] This assay works on the thermal reaction of TBA with 

MDA to produce a pink coloured MDA-(TBA2) Schiff base adduct in acidic 

conditions. OxLDL and F2-Isoprostanes were measured by commercial ELISAs 

(OxLDL: Mercodia AB Uppsala, Sweden, Cat# 10-1443-01; F2-Isoprostanes: Oxford 

Biomedical, Oxford, UK, Cat# EA85). TAC was measured by commercial 

colorimetric assay (Abcam, Cambridge, UK, Cat# 65329). These commercial assay 

kits were employed according to manufacturer’s instructions. Determination of 

PBMC superoxide generation was by lucigenin-enhanced chemiluminescence as 

previously described,[7] and the VAS2870 (specific NADPH-oxidase inhibitor, 

Sigma Aldrich, St Louis, MO, USA, Cat# SML0273) inhibitable fraction of O2ˉ 

production is reported here. 



 

Outcome measurements additional to the markers of oxidative stress. 

Overnight home oximetry was performed every night throughout the two week 

period in both arms to check that the final night was representative of the two weeks. 

Evening and morning blood pressure, and heart rate were measured in triplicate in the 

clinic before, and at the end of the two week intervention; in addition they were also 

measured by the patient at home in triplicate, twice a day (in the morning on 

awakening, and the evening); these measurements were performed to ensure the 

subjects experienced similar effects on the cardiovascular system as had occurred in 

our previous study.[1] 

 

Sample size calculation. 

 Accurate power calculations for changes in oxidative stress in this 

experimental situation were not possible, and had to be based on other interventions 

that might improve or worsen oxidative stress. Alternatively one can make an 

assumption that, if oxidative stress is responsible for the changes in blood pressure, 

heart rate and endothelial function observed before,[1] then with a similar protocol 

and similar reproducibility of measurements, a similar sized trial is required. 

In our previous study, using this CPAP-withdrawal protocol, approximately 40 

patients were randomized in order not to miss a difference in OSA severity of 10/h 

(≥4% dips in SaO2, oxygen desaturation index, ODI) between the arms, with 90% 

power.[1] This study clearly demonstrated several effects on cardiovascular outcomes 

(blood pressure, heart rate and endothelial function) allowing a similar power 

calculation for these endpoints, hypothesized to be affected by increases in oxidative 

stress. 



 Substituting figures for the changes and standard deviation seen in other 

studies of MDA, following statin therapy for example, where falls of up to 40% have 

been observed, [8, 9]  a power calculation suggested that in order not to miss a change 

in MDA of 20% with 90% power required a similar number of subjects, 20 per arm. 

Allowing for a 5% drop-out rate requires 42 patients to be randomized, with the 

possibility to recruit further subjects should the drop-out, or technical failure, rate be 

higher. 

 As a consequence of combining the blood samples from two sites, the number 

of subjects was in fact considerably more than the number suggested by the power 

calculation. 
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