

Principal Investigator
Professor Peter Cistulli 

ResMed Chair in Sleep Medicine, University of Sydney

Head, Centre for Sleep Health & Research

Department of Respiratory and Sleep Medicine

Royal North Shore Hospital

ST LEONARDS NSW  2066

Phone:  02 9463 2934 

Email:  peter.cistulli@sydney.edu.au
Associate Investigators
Ms Seren Ucak

PhD Researcher

Sleep Research Group

Charles Perkins Centre

Email: seren.ucak@sydney.edu.au

Professor Luigi Fontana
Director of the Healthy Longevity Research and Clinical Program
Charles Perkins Centre
Phone: +61 2 8627 7499

Email: luigi.fontana@sydney.edu.au 

Dr Hasthi Dissanayake

Post-Doctoral Researcher

Sleep Research Group

Charles Perkins Centre
Phone:  02 8627 7416

Email: hdis1775@uni.sydney.edu.au
Dr Kate Sutherland

Post-Doctoral Researcher

Sleep Research Group

Charles Perkins Centre
Phone:  02 9463 2934

Email:  kate.sutherland@sydney.edu.au
Signature:                                       Date:


Protocol Authors:

Protocol Version # 1
Protocol Date: 15/09/20
Proprietary Notice (if applicable)
Ethics Statement:
The study will be conducted in accordance with the National Statement on Ethical Conduct in Human Research (2007), the CPMP/ICH Note for Guidance on Good Clinical Practice and consistent with the principles that have their origin in the Declaration of Helsinki. Compliance with these standards provides assurance that the rights, safety and well-being of trial participants are respected. 


Table of Contents


41.
 BACKGROUND AND INTRODUCTION


41.1.
BACKGROUND


51.2 RATIONALE FOR PERFORMING THE STUDY


52.
HYPOTHESIS


53.
 STUDY OBJECTIVES


53.1.
PRIMARY OBJECTIVES


53.2.
SECONDARY OBJECTIVES


64.
 STUDY DESIGN


64.1.
DESIGN


64.2.
EXPECTED PARTICIPANT NUMBERS


64.3.
DURATION OF THE STUDY


64.4.
CENTRES


65.
 STUDY PARTICIPANTS


65.1.
INCLUSION CRITERIA


75.2. EXCLUSION CRITERIA


76.
 STUDY PROCEDURES


86.1
STUDY FLOW CHART


96.2.
PARTICIPANT RECRUITMENT AND SCREENING


96.3.
 INFORMATION AND CONSENT


96.4.
RANDOMISATION PROCEDURE


96.5.
INVESTIGATION PLAN


106.6.
STUDY PROCEDURE RISKS


117.
INTERVENTION


117.1.
PATIENT WITHDRAWAL


118.
OUTCOMES MEASURES


129.
DATA COLLECTION


1310.
STATISTICAL CONSIDERATIONS


1310.1.
SAMPLE SIZE OR POWER CALCULATION


1310.2.
 PROVIDE A DETAILED ANALYSIS PLAN


1311.
ETHICS


1311.1.
INVESTIGATOR AUTHORISATION PROCEDURE


1311.2.
PATIENT PROTECTION


1412.
SAFETY


1412.1.
ADVERSE EVENT REPORTING


1412.2.
EARLY TERMINATION


1413.
BLINDING AND UNBLINDING


1414.
CONFIDENTIALITY AND STORAGE AND ARCHIVING OF STUDY


1615.
TRIAL SPONSORSHIP AND FINANCING


1616.
REFERENCES




Summary

	Study title:
	Autonomic & Haemodynamic effects of Inspiratory Muscle Training in Patients with Obstructive Sleep Apnea & Hypertension

	Protocol version
	#3

	Objectives
	1) Determine whether inspiratory muscle training (IMT) can improve blood pressure in hypertensive patients with OSA.
2) Determine whether autonomic function markers in hypertensive with OSA improve with IMT.
3) Assess the comparative effectiveness of high (Hi)IMT and low (Lo)IMT on autonomic, vascular, and haemodynamic function.

4) Evaluate whether OSA severity can be reduced following short-term IMT in hypertensive patients with OSA. 
5) Assess treatment adherence, practicality, and patient response to IMT intervention.

	Study design
	A 6-week prospective, pragmatic, randomized, single centre, pilot study comparing inspiratory muscle training devices adjusted to provide either higher or lower resistance training.

	Planned sample size
	30 participants; higher resistance training group (n=15) and lower resistance training group (n=15)

	Selection criteria 
	1) Participants presenting to a sleep clinic with OSA and a history of hypertension
2) Adults >18 years 

3) Clinically suitable and willingness to undergo IMT 

	Study procedure
	Participants presenting to a sleep clinic will be approached for recruitment by the treating sleep physician. After formal written consent (visit 1) participants will be randomised to receive either HiIMT or LoIMT. Questionnaires and 24-hour ambulatory blood pressure will be taken (visit 2). Visit 3 occurs the morning following visit 2. The blood pressure monitor will be returned and respiratory function tests, and device calibration will be performed.  If participant baseline measures (autonomic and sleep study) taken during our established prevalence study have exceeded 6-months, these will be repeated (visit 3).  Participants will use device for 5 minutes per day/ 7 days a week for 6 weeks. At the 3-week mark, participants will be asked to return to the clinic for visit 4. This will consist of respiratory function tests and device recalibration. Participants will use these settings for the remainder of the training program. After 6 weeks of treatment participants will return to the clinic for visit 5, where 24-hour ambulatory blood pressure and questionnaires will be repeated. Participants will return the next morning for visit 6, this will consist of autonomic function and respiratory function tests. Participant will be sent home to repeat the final sleep study and the device will be returned at their earliest convenience.

	Statistical consideration
	· Sample size calculations based on previous literature

· Two-way ANOVA to test the treatment effect on outcome measures (HiIMT vs. LoIMT) and time point (week 1 vs. week 6).

	Duration of the Study
	January 2021 to December 2021


1.
 BACKGROUND AND INTRODUCTION
1.1. BACKGROUND
Obstructive sleep apnoea (OSA) is characterised by total or partial upper airway collapse, resulting in recurrent hypoxic events and sleep fragmentation, compromising sleep quality and often culminating in daytime sleepiness. OSA is highly relevant to patients with hypertension. An estimated 50% of patients with hypertension have concomitant OSA, and evidence supports the view that OSA represents the most prevalent secondary contributor to elevated blood pressure in patients with resistant hypertension (Pedrosa et al 2011).

Both hypertension and OSA are complex processes with multifactorial pathogeneses.  During airflow occlusion, the resulting hypoxia and hypercapnia stimulates reflex ventilatory, sympathetic and hypertensive responses. Although the exact mechanism linking OSA and cardiovascular risk are not completely understood, a great deal of literature supports the hypothesis that sleep fragmentation and intermittent hypoxia cause a chronic hyperactivation of the sympathetic nervous system, a key component of the progression to cardiovascular disease.

Apnea and hypopnea events in OSA are prevented using the gold-standard intervention positive airway pressure (PAP) therapy. This device works as a pneumatic splint to circumvent nocturnal upper airway collapse. Studies have demonstrated reductions in blood pressure after treatment,  whether the degree of blood pressure reduction is clinically significant remains disputed (Fava et al., 2014). In addition, any clinical effectiveness of PAP is frequently limited by poor tolerance and compliance (Kribbs, Pack et al. 1993). Typically, PAP is prescribed to patients with moderate to -severe degree of OSA and a more clinically conservative approach to the treatment of mild OSA is taken with weight loss, positional therapy, and nasal corticosteroids being the most prescribed strategies (Morgenthaler TI, 2006). 

A recent study has reported a dose-response relationship between mild OSA groups and systemic arterial hypertension risk, starting from 5 respiratory events/h with continued risk increase in respiratory events greater than 11 events/h (Bouloukaki et al., 2020). These results are echoed by are previous systematic review and meta-analysis (Hou et al., 2018). It is evident that progression of mild to more severe degrees of OSA carry high possibility of the development of hypertension. Therefore, it is necessary to explore interventions in this population to help mitigate this progression. 

Respiratory Muscle Training is a technique that aims to improve the function of the respiratory muscles through specific exercises. Inspiratory Muscle Training (IMT) in particular has been shown to improve respiratory muscle function and might help to reduce dyspnoea on exertion (Pereira et al., 2019). A typical IMT device contains a pressure loaded inspiratory valve and an unloaded expiratory valve, and this resistance can be adjusted as the muscles strengthen. IMT is normally aimed at people who have respiratory conditions such as asthma, bronchitis, emphysema and COPD. However, IMT is now being studied across various groups resulting in surprising improvements on cardiovascular, vascular and haemodynamic markers. In healthy men and women a short term (6-week) IMT trial using a moderate resistance load (30% of  maximal inspiratory pressure - PImax) has reported to reduce weekly office systolic (SBP) and diastolic blood pressures (DBP) (DeLucia, De Asis & Bailey, 2018). Similarly, IMT demonstrates beneficial effects on SBP and DBP as well as improving markers for sympathetic and parasympathetic activity in hypertensive patients (Ferreira et al., 2013). More recent studies have demonstrated that higher resistance loads (75% of PImax) result in improved 24-hour ambulatory blood pressure with concomitant reductions muscle sympathetic nerve activity in patients with moderate – to – severe OSA, compared with lower resistance load (15% of PImax) (Ramos-Barrera, DeLucia & Bailey, 2020). While these results suggest a promising tool for blood pressure control in moderate – to – severe OSA patients, the effect IMT has on mild – to - moderate OSA patients with existing cardiovascular disease remains unclear. 

1.2 RATIONALE FOR PERFORMING THE STUDY
IMT has been recognised as a novel form of resistance training in recent years, generating surprising results including improved blood pressure and autonomic balance in patients with hypertension (Ferreira et al., 2013), OSA (Vranish & Bailey, 2016) and reductions in systemic vascular resistance in healthy young adults (DeLucia, De Asis & Bailey, 2018). The findings are impressive as each study was able to attain these results within a simple 6 week training program consisting of only 5 min/day for 5 days/week or 25 min/week total training time(Vranish & Bailey, 2016). There is evidence that IMT performed daily improves casual blood pressure and plasma catecholamines in adults with OSA and elevated or stage 1 hypertension  (Vranish & Bailey, 2016). The effect IMT has on 24-hour blood pressure, a better predictor of blood pressure related end-organ damage, requires further elucidation (Grossman, 2013; Mena et al., 2017). A recent study has found reduced systolic blood pressure with high resistance IMT in OSA patients with moderate-to-severe OSA (Ramos-Barrera, DeLucia & Bailey, 2020). However, the effect of high and low resistance training on patients with OSA and existing hypertension remains unclear.
2.
HYPOTHESIS

· HiIMT will show a greater reduction blood pressure values of hypertension patients with OSA compared to LoIMT.
· HiIMT will show more improved markers for cardiovascular health of hypertension patients with OSA compared to LoIMT.

· OSA severity will be improved following short-term IMT in hypertension patients with OSA. 

· IMT will be well tolerated in the selected cohort.
3.
 STUDY OBJECTIVES

3.1.
PRIMARY OBJECTIVES
· Determine whether HiIMT improves blood pressure in comparison with LoIMT in the selected cohort.

3.2.
SECONDARY OBJECTIVES
· Assess the comparative effectiveness of HiIMT and LoIMT on markers for cardiovascular health.
· Evaluate whether OSA severity can be reduced following short-term IMT in hypertension patients with OSA. 

· Determine whether IMT is well tolerated in the selected cohort.

4.
 STUDY DESIGN

4.1.
DESIGN
A 6-week prospective, pragmatic, randomized, single centre, pilot study comparing inspiratory muscle training devices adjusted to provide either high intensity (HiIMT) or low intensity (LoIMT) resistance training.

4.2.
EXPECTED PARTICIPANT NUMBERS
30 participants; HiIMT (n=15), LoIMT (n=15). 
4.3.
DURATION OF THE STUDY
Start date: January 2021
End date: December 2021
4.4.
CENTRES

Participants with obstructive sleep apnoea and a history of hypertension will be approached during their regular sleep clinic visit. Royal North Shore Hospital will be the only centre of recruitment. All Laboratory assessments for the intervention will be undertaken at the Charles Perkins Centre (CPC)/ RPAH Clinic.
5.
 STUDY PARTICIPANTS
Participants presenting to a sleep clinic (Royal North Shore Hospital) will be approached for recruitment by the treating sleep physician (Prof Peter Cistulli). The inclusion criteria dictate that all patients selected for recruitment will have a history of hypertension and OSA. Only adult patients with willingness and capacity to give written informed consent and willingness to comply with the study protocol will be considered. Patients not eligible for this study are those with a history of psychological illness such as to interfere with the patient’s ability to understand the requirements of the study and those otherwise unable to give their own written informed consent.

Only patients who the sleep physician (Prof Peter Cistulli) deems ineligible for gold standard OSA treatment will be approached for recruitment. Likewise, those patients who have demonstrated an unwillingness, or refusal of gold standard OSA treatment will also be approached for recruitment. Therefore, the recruitment for this trial will not disadvantage the clinical treatment plan of participants. Participants will be under supervision of a sleep physician and will not be referred to study if there is a clinical risk.
5.1.
INCLUSION CRITERIA

· Participants presenting to a sleep clinic (Royal North Shore Hospital)

· Adults (male and female), age > 18 

· Willingness to undergo IMT for 6 weeks.  

· Willingness to provide informed consent and willingness to participate and comply with the study requirements.

5.2. EXCLUSION CRITERIA

· Current OSA treatment. 

· Contraindications to IMT. 
· Women who are lactating or pregnant
· Driving risk, report an accident (or near miss accident) because of sleepiness in the last 6 months

· Need for immediate therapy as assessed by treating sleep physician. 
· Patients with a history of psychological illness or conditions such as to interfere with the patients ability to understand the requirements of the study 
· Coexisting sleep disorder, shift work, regular use of sedatives or narcotics, pre-existing lung disease (moderate to severe chronic obstructive pulmonary disease) or psychiatric disease; chronic kidney disease (eGFR<60).
· Central sleep apnea >10% of respiratory events being central events, rather than obstructive events

6.
 STUDY PROCEDURES
6.1
STUDY FLOW CHART


6.2.
PARTICIPANT RECRUITMENT AND SCREENING
Sleep consultation taking place at the Royal North Shore Hospital by Prof Peter Cistulli will provide the recruitment pathway for this study. The sleep physician will personally invite the participant to the trial (face-to-face or telehealth), if they are deemed appropriate from a medical perspective. Participants interested in the study will have the option to discuss the study further with a member of the research team at the clinic or via email or phone.
6.3.

INFORMATION AND CONSENT
Upon re-contact of the potential participant by the study researcher, the researcher will provide the information and consent form. A video or phone call will be organised to confirm understanding of the clinical processes and procedures required for the study. This will provide an opportunity for participants questions to be answered and provide more detail. The voluntary nature of participation will be verbally communicated to the participant. If verbal consent is given participant will be asked to provide written consent in the presence of a witness. They can choose to email the consent form or arrange a face-to-face visit. 
Additionally, each participant treating cardiologist will be contacted by phone or email seeking their approval for this study. Cardiologists will be asked to provide verbal or written approval, which will be documented in the study flow checklist for each participant. 
If the participant cannot comprehend the elements to the study, and unable to consent verbally, they will be excluded from the study.  A study enrolment number or study ID will be generated for the participant and this will be recorded on all study documents and medical records. The study coordinator will keep a master code sheet matching the study ID with the participant name and date of birth. The master code sheet and data collection sheets will be stored in separate locations, securely locked in a secure office cabinet.

6.4.
RANDOMISATION PROCEDURE

Participants will be randomised to receive either LoIMT or HiIMT. An online system (Sealed Envelope) will be used in the process of block randomisation. The unpredictable nature of our method of randomisation promotes allocation concealment to the trial investigators. Therefore, trial investigators will have limited influence over which participants end up in which groups. 
6.5.
INVESTIGATION PLAN

Visit 1: eligibility for the study will be confirmed following a pre-screening phone call. Upon verbal consent to the study participants will asked to complete the consent form. Once the consent form is received participants will be randomised into either LoIMT or HiIMT and data collection will begin (Table 1). 
Visit 2: Primary outcome measure – this will be a short visit (approximately 15 minutes) aimed at setting up of 24-hour blood pressure monitoring. 

Visit 3: This visit will consist of three aims 1) return of the 24-Blood Pressure monitor 2) secondary outcome measures 3) IMT device calibration, instructions and demonstration.

Secondary outcome measures will include various non-invasive autonomic and vascular measures; a 10 minute simultaneous ECG, continuous blood pressure and respiratory recording. Followed by pulse wave velocity. The 24-hour blood pressure monitor will be brought back.
Once the participant has the IMT device, the researcher will contact the participant (phone call) once a week to ensure they are compliant and discuss any potential issues. 
Visit 4: This visit will occur 3 -week post IMT commencement. The purpose of this visit is to repeat pulmonary function tests and recalibrate the IMT device to the prescribed resistance level.
Visit 5: This at the completion of the 6-week IMT program. The participant will collect the 24-BP equipment. 
Visit 6: The participant will return 24-BP equipment and undergo secondary outcome measures. Following outcome data collection, the participant will undergo another overnight sleep study (in their home using the portable polysomnography device used in the SPACE study - No X18-0173 & HREC/18/RPAH/242). 
Diagnostic reports from the sleep study will be generated and reviewed by our sleep physician (Prof Peter Cistulli). If an unexpected result arises (e.g. worsened OSA severity) a sleep physician consultation will be set up with Prof Peter Cistulli at no expense to the participant.

Table 1: study flow and participant visits 

	Activity 
	Visit 1 
video/ phone call
	Visit 2

Primary outcome
(Week 1)
	Visit 3
Secondary outcomes
	Visit 4
(Week -3)
	Visit 5
Primary outcome
(Week-6)
	Visit 6
Secondary outcomes
	Weekly Phone calls

	Information & consent
	(
	
	
	
	
	
	

	24-hour blood pressure 
	
	(
	(
	
	
	
	

	Return devices/download data 
	
	
	(
	
	(
	(
	

	Pulmonary function tests
	
	
	(
	(
	
	(
	

	Therapy implementation & optimisation
	
	
	(
	(
	
	(
	(

	Adverse event & compliance check
	
	
	
	
	
	(
	(

	Autonomic function tests
	
	
	(*
	
	
	(
	

	Vascular measurements 
	
	
	(*
	
	(
	(
	

	Sleep and IMT device related questionnaires
	
	(
	
	
	
	(
	

	Participants must repeat baseline measures, if their precious baseline measure taken in the established prevalence study exceeds 6 months. These are denoted by *


6.6.
STUDY PROCEDURE RISKS

All the procedures employed have been successfully used in previous research studies undertaken. The foreseeable risks in taking part in this study include: 
IMT: there have been no reports of adverse event following respiratory muscle training, however there is a risk of barotrauma-related events (Hager & Brower, 2006; Loring & Malhotra, 2007).  Accordingly, the following patients with the following contraindications will be excluded during the initial phone screening:

· Previous history of pneumothorax

· Burst eardrum or other conditions of the eardrum 

· Unstable asthma with an abnormally low perception of dyspnoea

For those patients eligible for the study, with a willingness and capacity to take part, IMT can have very minimal adverse effects:
· Excess hypercapnia in patients with coronary artery disease. We will minimise this potential adverse effect by prescribing only 5 minutes of IMT per day.  Previous studies have prescribed up to 30 minutes of IMT per day in a similar patient cohort (Muammer et al., 2020).

· May cause ear discomfort in people who have had a recent cold or sinusitis.
· Transmission of disease. Since this is an oral device participant will be cautioned against sharing training equipment.
Home sleep study: there may be some discomfort associated with wearing the device. 
Cardiovascular measurements: the placement of ECG dots on the chest will require partial undressing to uncover these regions. 
7.
INTERVENTION 

7.1.
PATIENT WITHDRAWAL

Participants may choose to withdraw consent or may need to end their study participation due to a change in their health status so that they are no longer eligible or able to complete the study. Participants may withdraw from study verbally or by returning revocation of consent form to the investigator. The principle investigator will be responsible for informing HREC of numbers of withdrawals in the final report. Other participants may be recruited in replacement of those who have withdrawn consent. 
7.2
RESULTS

Approval for participants engagement in the study will be sort from treating cardiologist before study commencement via email or phone (section 6.3). This gives each treating physician the opportunity to express disapproval of the participants continuation of the study. The participants sleep study results, and blood pressure data will be communicated to the treating cardiologist at study commencement and completion (via email). 
8.
OUTCOMES MEASURES 
Blood pressure (primary outcome): 24-hour ambulatory blood pressure (central, and peripheral) will be undertaken before and after IMT program, measures within each test group (pre- and post-program) and between test groups (HiIMT and LoIMT ) will be compared.
Autonomic and cardiovascular measures: non-invasive autonomic function (heart rate variability, blood pressure variability and baroreceptor sensitivity), and pulse wave velocity. Measures will be undertaken before and after IMT program, measures within each test group (pre- and post-program) and between test groups (HiIMT and LoIMT ) will be compared.

Sleep measures: Since subjects will be recruited from an established study, a baseline sleep study will already have been completed. The baseline sleep study will be repeated if time between baseline measure and IMT program commencement exceeds 6 months. A home sleep study will be undertaken upon completion of the IMT program. OSA severity, sleep architecture and sleep efficiency will be compared between groups, pre- and post- program. Sleep related questionnaires will be undertaken before and after IMT program completion, these include: the Pittsburgh Sleep Quality Index, Epworth Sleepiness Scale and SF-36 Short Form Health Survey.
Treatment acceptance and usage:  Daily usage will be reported subjectively using a patient diary. This will be returned to investigator upon completion. Weekly video/phone calls will also be made to encourage adherence and discuss any difficulties in complying with study procedures. Questionnaires will be completed by subjects before and after IMT program. Questionnaires in relation to the IMT device will be undertaken at IMT program completion, evaluating side effects, ease of use, and the likeliness to continue use in the long-term. 
9.
DATA COLLECTION


Home sleep test (polysomnography)
All participants will undergo a clinical home sleep study as part of inclusion criteria and will also be performed at 6 weeks for final assessment. Level 2 portable polysomnography (Nox Medical, Reykjavik, Iceland) will be performed to obtain an Apnea Hypopnea Index (AHI), a metric used to define the presence and severity of OSA.
Pulmonary function tests
Standard spirometric measures including FEV1.0, FVC, forced inspiratory volume in 1.0 s (FIV1.0), FEV1.0/FVC, FIV1.0/FIVC, peak expiratory flow (PEF), and peak inspiratory flow (PIF) will be performed using VMAX® ENCORE SYSTEMS (Vyaire Medical) in accordance with the guidelines of The American Thoracic Society  (Miller et al., 2005). To assess respiratory muscle strength, subjects will be required to generate maximal inspiratory (PImax) by inspiring against a constant resistance. PImax will be measured via a pressure transducer and determined from the average of the three largest pressure values generated by the subject. As per study flow, pulmonary function tests will be performed during visit 3 and 4 (Table 1).
Resistance training
Inspiratory pressure threshold loading is by far the most commonly used, researched and validated method of respiratory muscle training (McConnell, 2013).  Participants will be given a Class 1 medical device, Threshold IMT (Philips Respironics, Sussex, UK). This device acts as an inspiratory muscle trainer that will help increase respiratory muscle strength and endurance through conditioning.

Participants breathe into a mouthpiece which is connected to the inspiratory muscle trainer. The device contains a pressure loaded inspiratory valve and an unloaded expiratory flap valve. This allows for resistance upon inspiration only and can be manually shifted to provide higher or lower resistance. 
The enrolled participants will perform IMT for 5 min, 7 days per week, for 6 weeks using the Threshold Inspiratory Muscle Training device. During training, subjects will be instructed to maintain diaphragmatic breathing at a rate at 15 to 20 breaths/min. For the LoIMT group, inspiratory load will be set at 15% of PImax. The HiIMT group will follow the same schedule, but inspiratory load will be set at 75% of PImax. Neither of the training groups will have resistance on expiration. The proposed protocol is based on published methods (Vranish & Bailey, 2015). Given that IMT improves muscle strength, a follow-up pulmonary function test will occur 3-weeks post program commencement and resistance load will be adjusted to maintain either low or high IMT. This resistance load will be kept for the remainder of the program. 
All participants will receive weekly phone calls to discuss any difficulties as well as encourage device usage. Daily usage will be subjectively reported by each participant in a study log. 
Cardiovascular measurements
24 hr ambulatory blood pressure: 24-hour ambulatory blood pressure monitoring (ABPM) will be performed using Oscar2 with Sphygmocor (SunTech Medical Inc). The associated Sphygmocor algorithm allows measurement of central blood pressures across 24 hrs. 

Pulse wave velocity: The SphygmoCor XCEL system enables the non-invasive measurement of pulse wave velocity of the blood pressure waveform travelling between two arterial sites. Measurements will be performed by recording pressure waveforms at the carotid artery followed by the femoral artery using a tonometer pressure sensor along with ECG signal recorded simultaneously. The SphygmoCor XCEL system also enables us to assess peripheral arterial stiffness as an output using the augmentation index.   

Autonomic function: Continuous blood pressure waveform and ECG will be recorded for 10 minutes in the supine position, using the Human Non-Invasive Blood Pressure System (NIBP). The Human NIBP system accurately determines beat-to-beat blood pressure, enabling assessment of autonomic cardiovascular control such as spontaneous baroreflex function, and blood pressure variability 
 ADDIN EN.CITE 
(Maestri et al., 2005; Yiallourou et al., 2012; Yiallourou et al., 2013)
. The human NIBP system operates via a photoplethysmographic cuff (blood pressure cuff with an infrared sensitive photocell), a pressure manometer, an automatic unit for cuff inflation, a 3-lead ECG and a monitor for the digital display of systolic blood pressure, diastolic blood pressure and heart rate. The finger cuff is designed for the adult finger with an automated calibration device attached to the cuff which maintains constant transmural pressure on the finger. Therefore, assessment of autonomic function will be derived from the recorded blood pressure and ECG trace.  
10.
STATISTICAL CONSIDERATIONS

10.1.
SAMPLE SIZE OR POWER CALCULATION
The sample size was calculated on the basis of our primary objective that IMT will improve blood pressure is OSA patients with cardiovascular risk. Calculations were based on results obtained in a newly published RCT with a similar objective (Ramos-Barrera, DeLucia & Bailey, 2020). The mean difference in blood pressure  (systolic and diastolic) between treatment groups pre and post HiIMT and LoIMT treatment (-8.82±4.98 and -2.25±6.85, respectively) were used to calculate the effect size (Cohen's d = 1.1). A sample size of 15 for each treatment group was determined to provide an actual power of 0.8, with alpha 0.05. 
10.2.
 PROVIDE A DETAILED ANALYSIS PLAN
To test the treatment effect on primary and secondary outcome measures (HiIMT vs. LoIMT) and time point (week 1 vs. week 6) two-way repeated measures mixed model ANOVA will be used. Statistical significance will be set at P<0.05. If ANOVA demonstrates significance, inter and intra - group post hoc analyses will be performed using paired and independent sample t tests, respectively, with an adjusted significance according to the Bonferroni correction.

11.
ETHICS

11.1.
INVESTIGATOR AUTHORISATION PROCEDURE

Ethics and governance approval are required before commencing recruitment. A Clinical trial notification (CTN) is not required as IMT is an approved therapy (ARTG Identifier 279438).
11.2.
PATIENT PROTECTION
The responsible investigators will ensure that the study is completed in accordance with the guidelines set out in the National Statement on Ethical Conduct in Human Research (2007) (the National Statement) and the CPMP/ICH Note for Guidance on Good Clinical Practice and any other relevant legislation/guidelines. 
12.
SAFETY
12.1.
ADVERSE EVENT REPORTING
Assessment and documentation of adverse events:

· Investigators are instructed to report any adverse events as they occur.

· Participants encouraged to report any adverse events to investigators who would report these through appropriate means. Contact details of investigators are provided on the patient information form, along with the process for reporting any injuries or complications.

· Reports for adverse events are reviewed by the chief investigator and further action is taken as deemed necessary.

· Any serious adverse events are reported to HREC within 24 hours.

· Routine reports to HREC, including minor adverse events, are completed annually.

Eliciting adverse event information:
Investigators will question whether participants experienced serious adverse events and suspected unexpected serious adverse reaction. Additionally, they will receive written information providing details on how they may contact the investigators to report an adverse event.
12.2.
EARLY TERMINATION 
It is not anticipated that circumstances requiring early termination of this pilot study will arise. In this unlikely event the principle investigator would write a letter detailing the number of participants still receiving treatment at the time of early termination and their proposed management would be noted. Additionally, the consequences regarding the early termination for the evaluation of the results would be detailed. This notification would take place no later than 15 days from the date of the early termination. Participants would be formally advised about the basis for the early termination and consultation required for their support would be upheld. 
13.
BLINDING AND UNBLINDING

The investigator will be involved in the acquisition and analysis of outcome measures and will also responsible for adjusting the resistance load of IMT, as well as making weekly phone calls. Therefore, the investigator will be unblinded. The participants will be notified that the study will be comparing two resistance levels. They will be unaware of whether they are apart of the low or high resistance IMT group. Therefore, the participants will be blinded. Participants will be told their resistance load at the completion of the study and will be surveyed to identify whether they though their resistance level was high or low. 
14.
CONFIDENTIALITY AND STORAGE AND ARCHIVING OF STUDY      
The study investigator will be responsible for the randomisation of participants into a low or high resistance IMT group and will be unblinded to the treatment group. Data collection will occur in a deidentified manner on data collection sheets (see appendix). A separate master code sheet will identify the study ID to the participant name, date of birth and medical records number. The master code sheet will be stored securely in locked filing cabinets with access only by the unblinded study investigator. The de-identified data collection sheet, and master code sheet will be stored separately and will not be brought together throughout the duration of the study and analysis.

Data collection:

· Paper data generated which is in identifiable form (consent form and master code sheet), will be stored in a locked cabinet, in a secure office at The Charles Perkins Centre accessible only to the study coordinator.

· De-Identified study data will be stored in a secure electronic database (RedCap) hosted at the University of Sydney. The study Redcap database will only be accessible to the study investigators via authorised username and password. 

· Identified home sleep study data will be available in the patient’s medical record for the sleep physician review as per normal RPAH/ Charles Perkins Centre procedure. For the purposes of the study, de-identifiable data from the scored study will be stored in Redcap. 

· Data collection will occur in a deidentified manner on data collection sheets (see appendix). A separate master code sheet will identify the study ID to the participant name, date of birth and medical records number. The master code sheet will be stored securely in locked filing cabinets with access only by the unblinded study investigator (study coordinator). The deidentified data collection sheet, and master code sheet will be stored separately and will not be brought together throughout the duration of the study and analysis.
· As dictated by CPMP/ICH Note for Guidance on Good Clinical Practice all study documentation (information sheets, data collection sheets, study flyers etc) will be approved by HREC before trial commencement (CPMP, 1997).
Data storage:

All data will be managed appropriately as advised by the Australian Code for the Responsible Conduct of Research: Revision of the Joint NHMRC/AVCC Statement and Guidelines on Research Practice ((Australia), 2007).

· Electronic data will be deidentified and stored on a coded electronic database (RedCap), as well as, a password protected data server (RDS). The password protected computer used to access this data is stored in a separate locked office accessible only to the study investigators and stored in a secure server at the University of Sydney.

· All identified paper data will be stored securely in locked filing cabinets with access only by study investigators.
· The original sleep study file will be de-identified and stored in the Research Data Store for the study (accessible by password only by approved investigators) on university of Sydney servers.
Study record retention and Trial closure:
The investigators will maintain the records of the study, regulatory documents and all other study specific documentation for a minimum of 15 years.  

Confidentiality:

· As dictated by the CPMP/ICH Note for Guidance on Good Clinical Practice, all participant data and information will be kept confidential (CPMP, 1997). 
· Electronic study data will be stored only in coded form using the subject ID number, hence will be re-identifiable for the study coordinator. Electronic data will be stored in secure servers located in the Royal North Shore Hospital, Charles Perkins Centre and University of Sydney (RDS).

15.
TRIAL SPONSORSHIP AND FINANCING
This study is sponsored by the University of Sydney and will be funded internally by our Sleep Research Group, Charles Perkins Centre.
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RECRUITMENT�Participants presenting to a sleep clinic will be screened and recruited by the treating physician





RANDOMISATION





VISIT 3: IMT DEVICE COLLECTION & OUTCOME MEASURES (45 minutes)	�1. Blood pressure monitor will be returned�2. Pulmonary function tests undertaken, and IMT device to be calibrated�





VISIT 4: IMT RE-CALIBRATION (15-20 minutes)�Pulmonary function tests undertaken, and IMT device re-calibrate according to PImax.





VISIT 2: 24-hr BLOOD PRESSURE MONITORING (15-20 minutes)�1. Participant will be fitted with 24-hr blood pressure monitor in the morning. �2. Participant will be asked to come back the following morning (24-hr later) in a fasting state.�3. Sleep related questionnaires.





VISIT 1: ELIGIBILITY & CONSENT�1. Eligibility will be assessed using criteria (AHI>5/hr)�2. Participants will provide written consent to the study�3. Approval from treating cardiologist (if any) to be sort 





LoIMT�Low resistance: 15% RESISTANCE





HiIMT�High resistance: 75% RESISTANCE





3 WEEK DEVICE RE-CALIBRATION





INTERVENTION IMPLEMENTATION





VISIT 5: 24-hr BLOOD PRESSURE MONITORING (15-20 minutes)�1. Participant will be fitted with 24-hr blood pressure monitor in the morning. �2. Participant will be asked to come back the following morning (24-hr later) in a fasting state.�





VISIT 6: OUTCOME MEASURES (1 hour 45 minutes)	�1. Blood pressure monitor will be returned.�2. Outcome measures will be taken in a fasting rest state; PWA, PWV, Continuous BP and ECG.�3. Participant will take home a sleep study device. Participant will be asked to return sleep study device the following day.�4. IMT device returned, sleep and device related questionnaires to be completed.





6 WEEK DATA COLLECTION
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