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AbstrAct
Objectives Many clinical studies have indicated that 
obstructive sleep apnoea (OSA), the most common chronic 
sleep disorder, may affect neurocognitive function, and 
that treatment for continuous positive airway pressure 
(CPAP) has some neurocognitive protective effects against 
the adverse effects of OSA. However, the effects of CPAP 
treatment on neurocognitive architecture and function 
remain unclear. Therefore, this multicentre trial was 
designed to investigate whether and when neurocognitive 
architecture and function in patients with OSA can be 
improved by CPAP treatment and to explore the role of gut 
microbiota in improving neurocognitive function during 
treatment.
Methods/design This study will be a multicentre, 
randomised, controlled trial with allocation concealment 
and assessor blinding. A total of 148 eligible patients 
with moderate to severe OSA will be enrolled from five 
sleep centres and randomised to receive CPAP with best 
supportive care (BSC) intervention or BSC intervention 
alone. Cognitive function, structure and function of brain 
regions, gut microbiota, metabolites, biochemical variables, 
electrocardiography, echocardiography, pulmonary 
function and arterial stiffness will be assessed at baseline 
before randomisation and at 3, 6 and 12 months.
Ethics and dissemination This study has been approved 
by the Medical Ethics Committee of Shanghai Jiao Tong 
University Affiliated Sixth People’s Hospital (approval 
number 2015-79). The results from this study will be 
published in peer-reviewed journals and at relevant 
conferences.
Trial registration number NCT02886156; pre-results.

Background
Obstructive sleep apnoea (OSA) is a common 
chronic sleep disorder characterised by 
recurrent partial or complete pharyngeal 

obstruction during sleep.1 There is a high 
prevalence (2%–4%) of this condition in 
adults aged 30–60 years, which is increasing 
with the growing epidemic of obesity.2–4 OSA 
is well recognised as a risk factor for neuro-
cognitive, cardiovascular and metabolic 
disorders.5–7 It is worth noting that neurocog-
nitive dysfunction is associated with a series 
of sequelae, such as social and economic 
burdens.8–10 Continuous positive airway pres-
sure (CPAP) is typically recommended as 
a first-line treatment for OSA, as it can partly 
or completely reverse OSA-related complica-
tions, including cognitive impairments.11 12 In 
addition, CPAP may be effective for reversing 
structural and functional brain changes.13 14

To date, only two randomised controlled 
trials (RCTs) have simultaneously evalu-
ated the effects of CPAP on cognition and 
neuroimaging; both studies had relatively 
small sample sizes and short intervention 
periods.15 16 However, the response to CPAP 
treatment in the trials was variable. Thus, 
the relationships among OSA, brain and 
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Protocol

Strengths and limitations of this study

 ► Multicentre, randomised, prospective study.
 ► Relatively large number of participants (n=148).
 ► Strictly standardised study population.
 ► The multicentre pragmatic design strengthens 
future results and generalisability.

 ► Possible selection bias may exist, as not all possible 
patients may enter in the study.
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neurobehavioural function are complex and must be 
comprehensively evaluated, including how, when and 
how long CPAP treatment should be applied for effective 
therapy.

The gut microbiota is an important factor that affects 
neurological functions17 and may be involved in the 
modulation of central nervous function (eg, the hypo-
thalamus–pituitary–adrenal axis) and associated with 
neuropsychiatric conditions.17 18 The composition of the 
gut microbiota is altered through intermittent hypoxia 
or sleep fragmentation in animal models.19 20 However, 
there have been no studies to determine whether changes 
in human intestinal microbiota are associated with OSA 
and whether or how the microbiota can be modulated 
by CPAP. This study will clarify the complex relationships 
among OSA, gut microbiota and neurological functions.

MeThods/design
study aims and hypotheses
The primary aim of this study is to assess the dynamic 
(3, 6 and 12 months) effects of CPAP on cognitive func-
tion, neurocognitive architecture and function. The 
primary hypothesis of this study is that, compared with 
the non-CPAP treatment group, patients with OSA who 
receive CPAP intervention will show improved cognitive 
function through structural and functional brain modu-
lation immediately after 3 months of CPAP treatment, 
and that these benefits will persist at the 6-month and 
12-month follow-ups. The secondary aims of this study 
are to investigate whether and which sleep parameters 
are correlated with improvements of cognitive function, 
neurocognitive architecture and function; to explore 
whether the metabolic status assessed by metabolomics 
can be reversed by CPAP and correlated with improve-
ment of neurocognitive impairment; and to investigate 
whether CPAP modulates the gut microbiota and contrib-
utes to alleviation of neurocognitive impairment. We 
hypothesise that patients with OSA who undergo CPAP 
treatment will have metabolic improvement and modula-
tion of gut microbiota, and that these changes will have 
beneficial effects on neurocognitive impairment.

study design
The Shanghai Multicenter Obstructive Sleep Apnea 
Therapy trial is a multicentre, evaluator-blinded, 
randomised, parallel-controlled trial performed in 
five sleep centres (Department of Otolaryngology and 
Head and Neck Surgery, Shanghai Jiao Tong Univer-
sity Affiliated Sixth People’s Hospital; Department of 
Otolaryngology-Head and Neck Surgery, Shanghai 
First People’s Hospital, Shanghai Jiao Tong University; 
Department of Otolaryngology, Renji Hospital, School 
of Medicine, Shanghai Jiao Tong University; Department 
of Otolaryngology, Head and Neck Surgery, Xinhua 
Hospital, Shanghai Jiao Tong University School of Medi-
cine; Department of Otolaryngology, The Ninth People’s 
Hospital Affiliated to Shanghai Jiao-Tong University 

School of Medicine) in the Shanghai district. The design 
of this protocol strictly followed the Standard Protocol 
Items: Recommendations for Interventional Trials21 and 
the Consolidated Standards of Reporting Trials state-
ments.22 The study will enrol 148 eligible participants with 
moderate to severe OSA from the five above-mentioned 
sleep centres and randomise them to receive CPAP with 
best supportive care (BSC) intervention or BSC interven-
tion alone. Cognitive function, structure and function of 
brain regions, metabolites, gut microbiota, biochemical 
variables, electrocardiography, echocardiography, pulmo-
nary function and arterial stiffness will be assessed at 
baseline before randomisation and at 3, 6 and 12 months. 
The flow diagram of this RCT is presented in figure 1.

study population
The study population (30–65 years old) will be enrolled 
from Shanghai and the surrounding area, and all of the 
participants will be from the Han population. The diag-
nostic, inclusion and exclusion criteria for this trial will be 
as described below.

diagnostic criteria
According to the American Academic Sleep Medicine 
(AASM) 2007 criteria,23 moderate and severe OSA are 
defined as an apnoea–hypopnoea index (AHI) ≥15 and 
30 events per hour, respectively, and the normal state is 
defined as AHI <5 events per hour.

eligible participants
Inclusion criteria
1. Informed consent
2. Age 30–65 years
3. Newly diagnosed OSA (full-night in-laboratory 

polysomnography (PSG) with an AHI ≥15 events 
per hour)

4. Ability to tolerate CPAP treatment based on 1 night 
of use (must use it for at least 4 hours)

5. No participation in any other clinical trial in the 
past 3 months

6. Able to accomplish relevant tests and follow-up

Exclusion criteria
1. Severe systemic diseases (eg, cardiac, hepatic and 

renal failure)
2. Psychiatric conditions (eg, depression, mania, 

schizophrenia)
3. Neurological diseases (eg, head trauma, brain 

tumour, epilepsy, stroke, transient ischaemic attack, 
coma)

4. Sleep disorders other than OSA (narcolepsy, 
insomnia, chronic sleep deprivation, rapid eye 
movement (REM) behaviour disorder and restless 
legs syndrome, central sleep apnoea (≥50% of 
AHI composed of central apnoeas) or obesity 
hypoventilation syndrome)

5. Alcoholism (according to the National Institute 
on Alcohol Abuse and Alcoholism, alcoholism 
is defined as alcohol consumption exceeding 14 
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standard drinks per week or four drinks per day 
in men or exceeding seven standard drinks per 
week or three drinks per day in women. A standard 
drink was defined as one 12-ounce bottle of beer, 
one 5-ounce glass of wine or 1.5 ounces of distilled 
spirits),24 drug addiction, use of psychotropic drugs, 
current sedative use or narcotics

6. Prior therapy for OSA (ie, CPAP, upper airway 
surgery, oral appliance)

7. Mini Mental State Examination (MMSE) score <24
8. Left handed
9. MRI contraindications (eg, claustrophobic or metal 

implantation)
10. Gastrointestinal surgery during the last year, except 

for appendicitis and hernia surgery
11. Pregnancy
12. Use of intestinal flora regulator (eg, antibiotics or 

probiotics) in the previous 8 weeks
13. Medical treatment for cholecystitis, gallstones, 

gastrointestinal ulcers, urinary tract infection, acute 
pyelonephritis or cystitis in the past 3 months

14. Infectious diseases, such as tuberculosis, AIDS

15. Commercial drivers or people deemed to be at risk 
of driving-related accidents

16. Deemed by the researchers to be unsuitable for this 
trial

Withdrawal criteria
Subjects will be permitted or required to withdraw from 
this study if they have insurmountable claustrophobia 
or other unbearable conditions associated with CPAP 
use, major protocol violation or the development of 
serious systemic diseases that prevents continuation in 
this study.

recruitment and screening
Participants will be recruited from Shanghai and its 
vicinity through newspapers and instant messaging soft-
ware (WeChat). Potential participants with self-reported 
severe snoring and with an interest in participating will be 
screened by a standard PSG and examined for eligibility 
(AHI ≥15 times per hour) for multicentre RCT. Eligible 
participants will be given a detailed information about 
this trial.

Figure 1 The flow diagram of this randomised controlled trial. BSC, best supportive care; CPAP, continuous positive airway 
pressure; fMRI, functional MRI; PSG, polysomnography.
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randomisation, allocation concealment and blinding
All eligible patients with moderate to severe OSA will 
be randomly and equally allocated (randomisation 
ratio 1:1) to the CPAP plus BSC group or BSC only 
group. The central random allocation sequence will 
be produced using the statistical software SAS V.9.4 
and managed by an independent statistician (from the 
Department of Epidemiology, School of Public Health, 
Shanghai Jiao Tong University) who will be blinded to 
the participants’ recruitment, evaluation and interven-
tion. The research assistant from each sleep centre will 
request (via email) a participant’s allocation from the 
statistician. The group allocation will not be blinded 
by participants or intervention supervisors in this 
trial; however, the patients’ group assignments can be 
blinded to result assessors and statisticians (ie, which 
patients are allocated to the CPAP treatment versus BSC 
groups will not be disclosed).

intervention

BSC only group
Participants in the BSC only group will receive advice 
regarding lifestyle modification, sleep hygiene, naps, 
exercise, caffeine and diet and avoiding alcohol consump-
tion, but no specific weight loss programme, diet or salt 
restriction will be suggested.

CPAP plus BSC group
Participants in the CPAP plus BSC group will receive CPAP 
treatment plus the aforementioned BSC intervention. 
CPAP treatment (LOTUS AUTO; Curative Medical Tech-
nology, Beijing, China) will be initiated using standard 
clinical practice (before CPAP treatment, the standard 
clinical practice is for the doctors to educate patients on 
the use of CPAP and provide positive encouragement) at 
each centre. Online monitoring of CPAP compliance can 
also be used to improve compliance. Participants in both 
groups will be asked to continue their usual medical care 
during the trial.

Follow-up
At 3, 6 and 12 months during the intervention period, all 
of the participants will undergo the same examinations 
as at baseline. During the follow-up period, CPAP usage 
information will be automatically downloaded daily from 
auto CPAP via the Internet.

outcome assessment
The variables in this trial consist of basic characteristics, 
primary outcomes and secondary outcomes. The basic 
characteristics will be measured at baseline, and primary 
and secondary outcomes will be measured at baseline 
and at the end of each intervention period (3, 6 and 
12 months after randomisation). All of the primary and 
secondary outcomes will be assessed by experienced staff 
at each sleep centre who will be blinded to treatment allo-
cation.

Basic characteristics
Participants’ basic characteristics (eg, age, sex, years of 
education, medical history, medication use and occupa-
tion) will be gathered by recruiters using a questionnaire. 
The two standardised neurobehavioural scales, such as 
Montreal Cognitive Assessment (MoCA) and MMSE 
scores will be assessed. The assessors in each sleep centre 
will be trained by a neurologist. Before randomisation, all 
baseline assessment will be finished.

Primary and secondary outcomes
Primary endpoints
MoCA.

Secondary endpoints
MMSE.

Default mode network and cortical thickness 
are measured by functional and structural MRI.

Cerebral metabolites, such as N-acetylaspartate (NAA), 
choline (Cho), creatine (Cr), glutamate and glutamine 
and myo-inositol are measured by magnetic resonance 
spectroscopy (MRS).

Neuropsychological tests will also be performed, 
including mental arithmetic, memory scanning, move-
ment perception, switching attention, space location 
memory span and attention allocation choice reaction 
time curve fit.

Sleep variables include AHI, oxygen desaturation 
index, lowest oxygen saturation, mean oxygen saturation, 
micro-arousal index, total sleep time, total REM sleep 
time, total slow wave sleep time, etc.

Auditory testing
Central auditory processing tests performed include 
speech-in-noise test, competing sentences test, gap detec-
tion and dichotic listening.

Data were recorded using 256-channel high-density 
electroencephalograph (EEG) recordings.

The gut microbial community will be quantified using 
metagenomics analysis.25 Low-molecular-weight metab-
olites (≤1000 kDa) will be quantified by metabolomics 
analysis.26

Amyloid-β protein 42, presenilin 1, amyloid-β protein 
40, total GSK-3β and serine-9 phosphorylated GSK-3β

Other outcomes
Biochemical variables
Biochemical variables include lipid profile (total choles-
terol, triglycerides, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol, apoA-I, apoB, apoE 
and lipoprotein(a)), glucose, insulin, HbA1c, free fatty 
acids, cholinesterase, lipopolysaccharide-binding protein, 
toll-like receptor-4, TLR-2, hepatic function tests (alanine 
aminotransferase, aspartate aminotransferase, γ-glutamyl 
endopeptidase, alkaline phosphatase, total protein, 
albumin, total bilirubin, direct bilirubin, bile acid, preal-
bumin), renal function tests (creatinine, urea nitrogen, 
uric acid), microalbuminuria and apolipoprotein E geno-
typing.
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Inflammatory biomarkers
Inflammatory biomarkers include leptin, regulated on 
activation, normal T cell expressed and secreted, mono-
cyte chemotactic factor 1, interleukin (IL)-6, IL-8, tumour 
necrosis factor-α, hypersensitive C-reactive protein, 
resistin, serum amyloid A protein and α-acid glycopro-
tein.

Anti-inflammatory biomarkers
Anti-inflammatory biomarkers include adiponectin and 
IL-1Ra.

Oxidative stress index
Oxidative stress index may include: 8-isoprostane, 
blood pressure (systolic blood pressure and diastolic 
blood pressure), anthropometric variables (weight, 
height, waist, hip, chest and neck circumferences, 
visceral fat area and subcutaneous fat area), echocar-
diography, arterial stiffness (pulse wave velocity, ankle 
brachial index and toe-brachial index), lung function 
(eg, forced expiratory volume in 1 s and forced vital 
capacity) and ECG.

Study examination procedures
All of the study measurements will be performed before 
and after 3, 6 and 12 months of CPAP intervention at 
each centre, except for lung function and ECG.

Anthropometric measurements
Height and weight will be measured using standard 
methods. BMI (weight (kg)/height2 (m2)) will be calcu-
lated from height and weight. Waist, hip and neck 
circumferences will be measured using a measuring tape 
in the conventional manner.

Urine samples
First midstream urine samples will be collected in the 
morning with the collected urine samples stored immedi-
ately at –80°C for further analyses.

Blood samples
Fasting blood samples will be collected in the morning, 
and the samples will be immediately sent for further anal-
yses such as biochemical analysis.

Faecal samples
Faecal samples will be collected and stored at –80°C until 
use in subsequent assays. The composition of microbiota 
will be measured using 16S rRNA-hybridisation and DNA 
staining.

Sleep respiratory variables
Laboratory-based PSG (Alice 4 or 5, Respironics; Pitts-
burgh, PA, USA) will be used to record sleep parameters. 
EEG, electrooculography, ECG, electromyography, nasal/
oral airflow, thoracic/abdominal movement, pulse oxim-
etry, body posture and snoring will be recorded. The 
definition of OSA is established according to the AASM 
2007 criteria.

Neuropsychological tests
Two standardised questionnaires (MoCA and MMSE) will 
be administered. Neuropsychological tests will also be 
performed, including mental arithmetic, memory scan-
ning, movement perception, switching attention, space 
location memory span and attention allocation choice 
reaction time curve fit.

Auditory testing
Audiograms will be measured in one-octave steps at 
frequencies ranging from 125 Hz to 8 kHz and then at 10, 
12.5, 16 and 20 kHz. DPOAE values will be recorded in 
both groups using a Madsen Capella cochlear emissions 
analyser in a soundproof room. Only patients with normal 
audiometry (threshold below 25 dB HL at all frequencies 
from 0.125 to 20 kHz), normal DPOAE levels, normal 
tympanometric curve of type A and presence of ipsilat-
eral and contralateral stapedial reflexes will be included.

Central auditory processing testing
The following central auditory processing tests will be 
performed in a soundproof room. Before the formal test, 
participants will be allowed to practice as many times as 
required and provide feedback to become familiar with 
the stimuli. (1) Speech-in-noise test: all of the signal 
processing will be performed with MATLAB software. 
The speech of 20 ten-word sentences will be presented 
under both quiet and noisy conditions with speech-
shaped noise and will be delivered bilaterally through 
Sennheiser HD205 headphones at a signal:noise ratio of 
–5 dB. (2) Competing sentences test: babble noise and the 
target sentence will be presented bilaterally at an intensity 
level of 65 dB SL (above speech reception threshold) at a 
signal:noise ratio of –3 dB. (3) Gap detection: the purpose 
of this evaluation is to determine the smallest interval that 
the listener can detect. Two stimuli separated in time by 
a ‘gap’ will be presented, and the listener will be asked 
to detect the gap, essentially discriminating sound from 
silence. Stimuli as white noise will be bilaterally presented 
as background noise at intensities 40 dB higher than the 
hearing threshold. (4) Dichotic listening: two different 
numbers will be simultaneously presented to both ears 
with the subjects instructed to repeat both numbers in 
any order. The test includes 20 number pairs presented 
dichotically. The number pairs will be aligned for onset 
and offset to eliminate any cue for the first number 
heard. Dichotic listening performance will be scored as 
the percentage of correctly reported different numbers 
from the right and left ears in the noise-exposed and 
control groups.

256-Channel high-density EEG recording
EEG data will be recorded with 256 channels on an 
EGI HydroCel Geodesic Sensor Net, with Cz used as 
the reference channel. All of the electrode impedances 
will be detected and maintained at less than 50 kΩ. The 
oddball stimuli pattern with speech sound is used in this 
study (via Eprime V.2.0; Psychology Software Tools). The 
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auditory oddball task includes presentation sound of /
Ba/, whereas /Da/ is presented as the ‘oddball’ target 
stimulus. The stimulus /Ba/ is presented in 85% of the 
trials together with the stimulus /Da/ in 15% of the trials. 
The whole task consists of a total of 1000 auditory stimuli 
with random interstimulus intervals ranging from 850 
ms to 1450 ms. The sound stimuli with an intensity of 
75 dB delivered through two loudspeakers at a distance 
of 100 cm from the subjects. During the P3 cortical waves 
test, the subjects will be asked to press a switch held in the 
right hand each time they detect a target tone with the 
eyes closed. In addition, they will be asked not to respond 
to any auditory stimulus while watching silent films during 
the MMN test. Source analysis of event-related potentials 
as MMN, describing neural sources of measured scalp 
potentials, will be estimated with GeoSource V.2.0.

Brain imaging
MRI will be performed using the Siemens 3T Verio 
scanner (MAGNETOM, Siemens) with a 12-channel 
coil using the same parameters. High-resolution T1-3D-
weighted and T2-3D-weighted MRI sequences will be 
conducted for all subjects. T1-3D axial images: field of view 
(FOV), 230 mm; repetition time (TR)/time to echo (TE), 
1500/2.96 ms; flip angle, 9°; voxel size, 0.9×0.9×1 mm3; 
slice thickness, 1 mm; and distance factor, 50%. T2-3D axial 
images: FOV, 230 mm; TR/TE, 1500/2.96 ms; voxel size, 
0.9×0.9×1 mm3; slice thickness, 1 mm; and distance factor, 
50%. In the same position, a s-fMRI BOLD sequence will 
be acquired in the rest condition, and 240 functional 
images will be obtained (repetition time 2000 ms, echo 
time 30 ms, thickness 4.0 mm, gap 1.2 mm, acquisition 
matrix 64×64, flip angle 90°, field of view 230×230 mm2, 
30 axial slices with gradient-recalled echo-planar imaging 
pulse sequence covering the whole brain). Patients will 
be asked to keep their eyes closed and not to focus their 
thoughts on any particular topic or to fall asleep. Diffusion 
kurtosis imaging will be performed in all subjects using 
30 gradient directions, six b values and an echo-planar 
diffusion-weighted imaging sequence. FOV, 300 mm; TR/
TE, 1100/109 ms; matrix size 128×128; and slice thickness 
4 mm.

Cerebral metabolites
MRS will be performed using the Siemens 3T Verio 
scanner with a 12-channel coil. A 2.0×2.0×2.0 cm3 voxel of 
interest will be placed at the frontal lobe. NAA, Cho and 
Cr will be acquired by a MEGA-PRESS sequence using 
the following parameters: TE/TR=135/5000 ms; average 
number 80 (scan time 8 min).

Abdominal and liver fat measurements
The hepatic, subcutaneous and visceral fat will be 
measured by axial scanning of the upper abdomen (from 
the diaphragm to the lower edge of the liver). The partic-
ipants will be instructed to hold their breath to reduce 
the artefacts induced by respiratory movement. Anatom-
ical T1-weighted spin-echo MRI will be obtained using the 

following parameters: slice thickness 5 mm; slice spacing 
2.5 mm.

safety measurements
Any unexpected adverse events associated with CPAP 
intervention during OSA-treatment period will be moni-
tored and then reported. The severity and causality 
of adverse events should also be analysed. The data we 
submit will be monitored by the Ethics Committee of 
Shanghai Jiao Tong University Affiliated Sixth People’s 
Hospital. If serious adverse events occurred, they should 
be immediately reported to the aforementioned ethics 
committee.

sample size calculation
A previous study indicated that the mean and SD of MoCA 
score are 26.1 (2.0) and 27.4 (2.3) before and after CPAP 
treatment, respectively.27 With a significance level of 0.05 
and statistical power of 0.9, the calculated sample size is 
59 for each group. Considering a 20% loss to follow-up, 
a total of 148 participants will be required for randomis-
ation.

statistical methods
The statistical analysis in this trial will be performed using 
intention-to-treat (ITT). For missing data, a multiple 
imputation method will be performed. Normality of the 
data distribution will be examined by the Kolmogor-
ov-Smirnov test. Continuous variables will be expressed 
as mean±SD or median (first to third quartile) for normal 
distribution data or non-normal distribution data, 
respectively. Categorical variables will be expressed as 
percentages. To assess primary and secondary endpoints 
in this trial, a mixed-effects linear model under restricted 
maximum likelihood and a logistic regression model will 
be used to analyse the effect of CPAP treatment on the 
continuous or categorical variables, respectively. In each 
model, the independent variables should include group 
(CPAP plus BSC group and BSC group), confounding 
factors (eg, age, BMI and waist:hip ratio, etc), measure-
ment time (eg, baseline and 3-month, 6-month and 
12-month follow-ups) or any other inequality factors 
between groups at baseline assessment. When a signifi-
cant main effect was observed, a post hoc comparison for 
different time points (eg, baseline and 3-month, 6-month 
and 12-month follow-ups) or between groups (CPAP plus 
BSC group and BSC group) will be performed using 
multiple comparisons. All of the statistical analyses will be 
performed using SAS V.9.4, with a two-sided p value<0.05 
indicating a statistical significance.

data collection and management
All of the data collectors and evaluators will be blinded 
to the group assignments. The data in this trial will be 
collected using traditional print-based case report forms, 
which will then be transcribed by a research assistant into 
web-based case report forms (w-CRFs) with an oracle clin-
ical (OC)/remote data capture (RDC) system (https:// 
clinicaldata. shsmu. edu. cn/). The OC/RDC system will 

https://clinicaldata.shsmu.edu.cn/
https://clinicaldata.shsmu.edu.cn/
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be provided by the School of Public Health of Shanghai 
Jiao Tong University (Shanghai, China) and will meet 
the standards of security. Data in w-CRFs will be stored in 
the OC/RDC system at each of the five research centres 
separately with password protection. The database incor-
porates automatic data checking (ie, logic/inaccurate 
ranges and maintains any changes to the data).

ethical issues and dissemination
This protocol will be performed according to the Decla-
ration of Helsinki. Ethics approval (Ethics number: 
2015-79) has been obtained from Shanghai Jiao Tong 
University Affiliated Sixth People’s Hospital. Before 
enrolment, until a full discussion about risks and poten-
tial benefits has been conducted with each participant, 
written informed consent will be obtained. This study will 
be published in peer-reviewed journals and presented as 
oral presentation or poster at conferences in the field of 
neurology and sleep medicine. Study data will be made 
available to researchers, healthcare providers and profes-
sionals who are on request with the appropriate human 
research ethics committees’ approvals.

discussion
Increasing numbers of clinical studies have shown that 
CPAP is an effective therapeutic method for neurocogni-
tive dysfunction in OSA. However, the effects and duration 
of CPAP treatment on neurocognitive function have not 
been clearly established. This study focuses on the effects 
of CPAP on middle-aged patients with moderate to severe 
OSA. Through a 3-month, 6-month and 12-month inter-
vention with CPAP treatment, the results from a range 
of clinical and biochemical assessments will provide a 
clearer information on the effects of treatment in OSA.

Measurements of neurocognitive function before and 
after intervention in this trial may strengthen evidence 
for links between OSA and neurocognitive dysfunction or 
reveal new associations. Through CPAP intervention, it 
will be possible to explore the mechanism of action of 
CPAP on neurocognitive function (including structural 
and functional effects), allowing us to investigate the 
causal relationships between OSA and neurocognitive 
dysfunction.

The microbial community structure in rodents was 
altered when the rodents were subjected to intermittent 
hypoxia or sleep fragmentation.19 20 28 In addition, sleep 
fragmentation-induced metabolic alterations may be 
mediated by concurrent changes in the gut microbiota.28 
Consequently, gut microbiome-targeted therapeutics may 
help reduce the major end-organ morbidities of OSA. 
Through metagenomics and metabolomics approaches, 
we will determine whether gut microbiota play a pivotal 
role in OSA-related complications, especially in allevi-
ating neurocognitive dysfunction.

To our knowledge, the proposed study will be the 
first to investigate the effects of CPAP on neurocogni-
tive dysfunction in OSA and to explore the underlying 

mechanisms using combined ‘-omics’ approaches. 
The results of this multicentre trial may be helpful for 
improving the neurocognitive function of patients with 
OSA.

This protocol describes a multicentre RCT to assess the 
effects of CPAP treatment on neurocognitive function in 
patients with moderate to severe OSA. To reduce potential 
bias, multiple rigorous methods, such as randomisation, 
blinding of raters and statistical analysers and ITT prin-
ciples, will be implemented. Potential limitations of this 
protocol should also be addressed. First, sham CPAP is 
not used as a placebo; therefore, neither participants nor 
trial researchers will be blinded to the protocol. Thus, 
performance bias may be inevitable. Second, although all 
of the raters have been trained by the same neurologist, 
there may be heterogeneity in neuropsychological tests 
in each centre.

In summary, this will be the first multicentre RCT to 
dynamically observe the effects of CPAP on neurocogni-
tive function and to explore the role of the gut microbiota 
in neurocognitive dysfunction in OSA. The results of 
this study will help to clarify potential mechanisms for 
alleviation of OSA and improvement of neurocognitive 
dysfunction.

Trial status
At the time of manuscript submission, the enrolment of 
volunteers is ongoing.

Author affiliations
1Department of Otolaryngology Head and Neck Surgery and Center of Sleep 
Medicine, Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai, 
China
2Otolaryngological Institute of Shanghai Jiao Tong University, Shanghai, China
3Clinical Research Center, Shanghai Jiao Tong University School of Medicine, 
Shanghai, China
4Department of Epidemiology, School of Public Health, Shanghai Jiao Tong 
University, Shanghai, China
5Department of Otorhinolaryngology, Shanghai First People's Hospital, Shanghai 
Jiao Tong University, Shanghai, China
6Department of Otolaryngology Head and Neck Surgery, Xinhua Hospital, Affiliated 
to Shanghai Jiaotong University School of Medicine, Shanghai, China
7Department of Otorhinolaryngology Head and Neck Surgery, Ren Ji Hospital, 
School of Medicine, Shanghai Jiao Tong University, Shanghai, China
8Department of Otolaryngology Head and Neck Surgery, Shanghai Ninth People's 
Hospital, Affiliated to Shanghai Jiaotong University School of Medicine, Shanghai, 
China
9Department of Radiology, Shanghai Jiao Tong University Affiliated Sixth People's 
Hospital, Shanghai, China
10Shanghai Key Laboratory of Diabetes Mellitus and Center for Translational 
Medicine, Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai, 
China
11Cancer Epidemiology Program, University of Hawaii Cancer Center, Honolulu, 
Hawaii, USA

Contributors XH, WH and YS conceived the study, designed the study protocol and 
drafted the manuscript. XH, WH, GJ, YH, QY, ZJ, XY, FY, LX, JX, DP, YZ, YJ, XM, LJ, CY, 
WP, SY, LY, JW and YS participated in the coordination and implementation of the 
study. XH, WH and YS revised and finalised the study protocol. YS is in charge of 
coordination and direct implementation. HH helped to develop the study measures 
and analyses. All authors contributed to drafting the manuscript and have read 
and approved the final manuscript. The corresponding authors have full access to 
all the data in the study and have final responsibility for the decision to submit for 
publication.



8 Xu H, et al. BMJ Open 2017;7:e014932. doi:10.1136/bmjopen-2016-014932

Open Access 

Funding This study was supported by grants-in-aid from multicentre clinical 
research project from the School of Medicine, Shanghai Jiao Tong University 
(DLY201502).

Disclaimer The study sponsor played no role in the design, methods, data 
management or statistical analysis or in the decision to publish.

Competing interests None declared.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional unpublished data are available.

Open Access This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which permits 
others to distribute, remix, adapt and build upon this work, for commercial use, 
provided the original work is properly cited. See: http:// creativecommons. org/ 
licenses/ by/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

references
 1. Strollo PJ, Rogers RM. Obstructive sleep apnea. N Engl J Med 

1996;334:99–104.
 2. Young T, Palta M, Dempsey J, et al. The occurrence of sleep-

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

 3. Peppard PE, Young T, Barnet JH, et al. Increased prevalence 
of sleep-disordered breathing in adults. Am J Epidemiol 
2013;177:1006–14.

 4. Heinzer R, Vat S, Marques-Vidal P, et al. Prevalence of sleep-
disordered breathing in the general population: the HypnoLaus study. 
Lancet Respir Med 2015;3:310–8.

 5. Sánchez-de-la-Torre M, Campos-Rodriguez F, Barbé F. Obstructive 
sleep apnoea and cardiovascular disease. Lancet Respir Med 
2013;1:61–72.

 6. Aurora RN, Punjabi NM. Obstructive sleep apnoea and type 2 
diabetes mellitus: a bidirectional association. Lancet Respir Med 
2013;1:329–38.

 7. Rosenzweig I, Glasser M, Polsek D, et al. Sleep apnoea and the 
brain: a complex relationship. Lancet Respir Med 2015;3:404–14.

 8. Sales LV, Bruin VM, D'Almeida V, et al. Cognition and biomarkers 
of oxidative stress in obstructive sleep apnea. Clinics 
2013;68:449–55.

 9. Quera Salva MA, Barbot F, Hartley S, et al. Sleep disorders, 
sleepiness, and near-miss accidents among long-distance highway 
drivers in the summertime. Sleep Med 2014;15:23–6.

 10. Stevenson MR, Elkington J, Sharwood L, et al. The role of 
sleepiness, sleep disorders, and the work environment on 
heavy-vehicle crashes in 2 Australian states. Am J Epidemiol 
2014;179:594–601.

 11. Zhou J, Camacho M, Tang X, et al. A review of neurocognitive 
function and obstructive sleep apnea with or without daytime 
sleepiness. Sleep Med 2016;23:99–108.

 12. Crawford-Achour E, Dauphinot V, Martin MS, et al. Protective effect 
of long-term CPAP therapy on cognitive performance in elderly 
patients with severe OSA: the PROOF study. J Clin Sleep Med 
2015;11:519–24.

 13. Tahmasian M, Rosenzweig I, Eickhoff SB, et al. Structural and 
functional neural adaptations in obstructive sleep apnea: an 
activation likelihood estimation meta-analysis. Neurosci Biobehav 
Rev 2016;65:142–56.

 14. Henderson LA, Fatouleh RH, Lundblad LC, et al. Effects of 12 
months continuous positive airway pressure on sympathetic activity 
related brainstem function and structure in obstructive sleep apnea. 
Front Neurosci 2016;10:90.

 15. Dalmases M, Solé-Padullés C, Torres M, et al. Effect of CPAP on 
cognition, brain function, and structure among elderly patients with 
OSA: a randomized pilot study. Chest 2015;148:1214–23.

 16. Rosenzweig I, Glasser M, Crum WR, et al. Changes in neurocognitive 
architecture in patients with obstructive sleep apnea treated with 
continuous positive airway pressure. EBioMedicine 2016;7:221–9.

 17. Rogers GB, Keating DJ, Young RL, et al. From gut dysbiosis to 
altered brain function and mental illness: mechanisms and pathways. 
Mol Psychiatry 2016;21:738–48.

 18. Forsythe P, Sudo N, Dinan T, et al. Mood and gut feelings. Brain 
Behav Immun2010;24:9–16.

 19. Moreno-Indias I, Torres M, Montserrat JM, et al. Intermittent hypoxia 
alters gut microbiota diversity in a mouse model of sleep apnoea. Eur 
Respir J 2015;45:1055–65.

 20. Durgan DJ, Ganesh BP, Cope JL, et al. Role of the gut microbiome 
in obstructive sleep apnea-induced hypertension. Hypertension 
2016;67:469–74.

 21. Chan AW, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement: 
defining standard protocol items for clinical trials. Ann Intern Med 
2013;158:200–7.

 22. Schulz KF, Altman DG, Moher D; CONSORT Group. CONSORT 
2010 statement: updated guidelines for reporting parallel group 
randomized trials. Ann Intern Med 2010;152:726–32.

 23 Iber C A-IS, Chesson AL, Quan SF; for the American Academy of 
Sleep Medicine. The AASM manual for the scoring of sleep and 
associated events: rules, terminology and technical specifications. 1 
edn. Westchester, IL: American Academy of Sleep Medicine, 2007.

 24. Guan J, Yi H, Zou J, et al. Distinct severity stages of obstructive 
sleep apnoea are correlated with unique dyslipidaemia: large-scale 
observational study. Thorax 2016;71:347–55.

 25. Zhang C, Yin A, Li H, et al. Dietary modulation of gut microbiota 
contributes to alleviation of both genetic and simple obesity in 
children. EBioMedicine 2015;2:968–84.

 26. Xu H, Zheng X, Qian Y, et al. Metabolomics profiling for obstructive 
sleep apnea and simple snorers. Sci Rep 2016;6:30958.

 27 Wu SQ, Liao QC, Xu XX, et al. Effect of CPAP therapy on C-reactive 
protein and cognitive impairment in patients with obstructive sleep 
apnea hypopnea syndrome. Sleep Breath 2016;20.

 28. Poroyko VA, Carreras A, Khalyfa A, et al. Chronic sleep disruption 
alters gut microbiota, induces systemic and adipose tissue 
inflammation and insulin resistance in mice. Sci Rep 2016;6:35405.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1056/NEJM199601113340207
http://dx.doi.org/10.1056/NEJM199304293281704
http://dx.doi.org/10.1093/aje/kws342
http://dx.doi.org/10.1016/S2213-2600(15)00043-0
http://dx.doi.org/10.1016/S2213-2600(12)70051-6
http://dx.doi.org/10.1016/S2213-2600(13)70039-0
http://dx.doi.org/10.1016/S2213-2600(15)00090-9
http://dx.doi.org/10.6061/clinics/2013(04)03
http://dx.doi.org/10.1016/j.sleep.2013.06.018
http://dx.doi.org/10.1093/aje/kwt305
http://dx.doi.org/10.1016/j.sleep.2016.02.008
http://dx.doi.org/10.5664/jcsm.4694
http://dx.doi.org/10.1016/j.neubiorev.2016.03.026
http://dx.doi.org/10.1016/j.neubiorev.2016.03.026
http://dx.doi.org/10.3389/fnins.2016.00090
http://dx.doi.org/10.1378/chest.15-0171
http://dx.doi.org/10.1016/j.ebiom.2016.03.020
http://dx.doi.org/10.1038/mp.2016.50
http://dx.doi.org/10.1016/j.bbi.2009.05.058
http://dx.doi.org/10.1016/j.bbi.2009.05.058
http://dx.doi.org/10.1183/09031936.00184314
http://dx.doi.org/10.1183/09031936.00184314
http://dx.doi.org/10.1161/HYPERTENSIONAHA.115.06672
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://dx.doi.org/10.7326/0003-4819-152-11-201006010-00232
http://dx.doi.org/10.1136/thoraxjnl-2015-207403
http://dx.doi.org/10.1016/j.ebiom.2015.07.007
http://dx.doi.org/10.1038/srep30958
http://dx.doi.org/10.1007/s11325-016-1331-2
http://dx.doi.org/10.1038/srep35405

