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ABBREVIATIONS AND DEFINITIONS OF TERMS 
AEP – Accredited Exercise Physiologist

AIT – aerobic interval training

BPRS- Brief Psychiatric Rating Scale

PA – Physical activity

PI – Principal Investigator

RCT – Randomised Controlled Trial

RT- resistance training

SMI – Severe Mental Illness

SANS – Scale Assessment of Negative Symptoms

SIMPAQ – Simple Assessment of Physical Activity Questionnaire
1 Introduction

Chronic psychotic disorders, such as schizophrenia and related psychoses are complex and typically start early in adult life. Whilst considered a low prevalence disorder (1), the impact of schizophrenia through reduced quality of life, lost productivity and reliance on carers and the health service, can be very large (2).  People with chronic psychotic disorders can experience significant burden from active symptoms of their mental illness, leading to functional impairment, and associated disability, with median social and clinical recovery considered to be as low as 13.5% (3).  

Psychotropic medications and psychosocial therapies can successfully result in a reduction in many symptoms of psychotic disorders, such as hallucinations, delusions and depression, however recovery can be hampered by treatment resistance, incomplete response and distressing side effects of medications.  Some specific symptom domains (such as negative and cognitive symptoms) are common (4), do not respond well to psychotropic medications and can be exacerbated by the medications themselves, with no currently accepted effective pharmacotherapy for negative or cognitive symptoms of schizophrenia (5, 6). 

Low cardiorespiratory fitness and muscular weakness contribute to the very poor physical functioning and health of people with chronic psychotic disorders (7-9) which is in turn, associated with reduced global functioning (10). There is an urgent need to develop effective treatments that may augment existing first line treatments and improve functioning and recovery rates for people with chronic psychotic disorders.

In recent years, there has been increasing focus on the use of exercise interventions for people with chronic psychotic disorders, not only to improve the physical health of this population (11) but also as a strategy to improve mental health outcomes, with a growing evidence base regarding the positive impact of exercise on symptoms and functional outcomes (positive symptoms, negative symptoms, quality of life, functioning), (12, 13). 
However, the vast majority of these interventions have investigated aerobic exercise protocols (13, 14) (defined as “exercise that uses oxygen to meet energy demands via aerobic metabolism to increase cardiorespiratory fitness”) or aerobic in combination with resistance training elements (resistance training defined as “repeated muscular movement that may increase muscle strength”), (15).  
A 2015 meta-analysis found that exercise interventions above 90 mins of moderate to vigorous exercise per week was shown to improve positive, negative and mood symptoms in people with schizophrenia (13), although most of these trials involved continuous aerobic training.  Scant attention has been paid to resistance training (RT) as a stand-alone treatment, identified as a significant gap in the literature and our understanding of the impact of this type of training in people with schizophrenia and psychotic disorders (16, 17).  

In the general population hand grip strength (as a proxy measure of muscular strength) has been found to be inversely associated with mortality and may in fact be a better predictor of mortality than other conditions known to impact health such as hypertension or diabetes (18, 19).  RT in the general population has resulted in improvements in both muscular performance and strength, with improvements also seen in chronic health conditions such as diabetes, cardiovascular disease, hypertension and metabolic abnormalities (20).  

In clinical mental health populations such as people with depressive and anxiety disorders, there appears to be mounting evidence of improvements in mood, both in stand- alone RT and combination with aerobic interventions (21). In a large cross-sectional study involving people with schizophrenia, hand grip strength was found to be associated with cognitive outcomes such as working memory and processing speed (19).  Preliminary evidence involving a small number of studies indicates the potential feasibility and safety of RT in this population (22,23), and that some people with schizophrenia may in fact express a preference for this type of training (24,25).  A small number of trials have revealed the potential for physical health improvements such as power, strength and walking efficiency, which has promise given the potential impact of functional improvement on independent daily living tasks which can be challenging for people with chronic psychotic disorders (14, 22, 23, 26). 
Further, only two randomised controlled trials have examined the impact of stand- alone RT on mental health outcomes, with conflicting results with respect to mental health symptoms, global functioning and quality of life (22, 23).  Current recommendations for RT in people with psychotic disorders are derived from general population guidelines regarding physical health benefits of RT ie resistance training of main muscle groups at least two times per week.  Whilst research regarding the impact of RT in depression and anxiety has revealed mental health benefits, few definitive conclusions can be drawn regarding about the impact of RT on mental health outcomes in people with psychotic disorders at this stage. 

Another gap in the literature is that very few studies in people with chronic psychotic disorders have compared types of exercise with each other (27), with the majority of evidence regarding the benefits of exercise being derived from trials in which aerobic or combined aerobic and resistance exercise is compared with an inactive or non-exercise control. Specifically, few trials in people with schizophrenia have addressed comparisons between aerobic and resistance training protocols and those that have, have evaluated physical parameters such as brain volume or physical fitness, rather than mental health outcomes (28, 29). 

Understanding the differential effects of resistance training versus aerobic exercise with respect to impact on functional and mental health outcomes is crucial to help guide optimal exercise prescription in this population and provide people with schizophrenia and related psychoses the best evidence regarding treatment options that may assist with recovery. Acknowledging the importance of enjoyment in long term adherence to exercise, of particular interest is whether this type of training can be enjoyed by people with psychotic disorders, as either complementary to, or as an alternative to more traditionally prescribed aerobic programs.  
Community Care Units (CCU’s) are residential rehabilitation units for people with SMI (predominantly schizophrenia and related psychoses) offering 24-hour intensive multidisciplinary support (30) to people who are typically admitted with treatment resistance and functional disability (31).  CCU’s aim to deliver evidence-based rehabilitation interventions that improve independent functioning across a range of health domains (32).  Acknowledging the recent expansion of rehabilitation aims for people with schizophrenia to include physical health interventions; understanding the differential impact of exercise types on mental health and functional outcomes in rehabilitation settings is important (33, 34).  
Previous research in residential rehabilitation settings revealed feasibility and improvements in functional fitness following implementation of a supervised exercise interval circuit program comprising aerobic interval training involving both aerobic, body weight and resistance elements (24). Overall program acceptability was high, with resistance elements being a preferred component by participants of that program.

2 Objectives

Using an exploratory 8-week randomised, controlled trial; the primary objective in this study is to assess the feasibility and acceptability of stand-alone RT compared to control, aerobic interval training (AIT) for people with chronic psychotic disorders undergoing psychiatric rehabilitation. 
2.1 Primary Objectives

To assess the feasibility and acceptability of stand-alone RT compared to control, aerobic interval training(AIT) based on recruitment, retention and participation.
2.2 Secondary Objectives
To determine if 8 weeks of stand-alone RT compared to control, (AIT) improves mental (functioning, mental health symptoms) and physical health outcomes
To investigate comparisons of psychological responses to a single session of exercise (week 3 and 8) between exercise conditions, RT and AIT
To correlate preference for exercise condition (RT or AIT) prior to randomisation with subsequent adherence.
3 Study Design

This study will be conducted as a single blind exploratory randomised controlled trial. Participants will be randomised to a supervised resistance training (RT) program or a supervised moderate intensity aerobic interval intervention (AIT), matched for volume and intensity, with the aim to compare RT with AIT with respect to our primary outcome (feasibility) in people with chronic psychotic disorders undergoing psychiatric rehabilitation. 
Feasibility Criteria
Recruitment – percentage of participants who consent to the study as a proportion of CCU residents who are referred from the three sites. Recruitment into exercise trials for people with SMI can be highly variable, however > 50% (majority) will be considered feasible.

Retention – the proportion of participants consenting to the trial who complete follow up assessments at 8 weeks as a proportion of the total number allocated in each condition.  Feasibility will be defined as > 65% based on previous research (49).

Participation – the number of supervised exercise sessions attended by participants in each condition (RT and AIT group) as a proportion of total available sessions (3 sessions per week for 8 weeks - 24); feasibility will be defined by attendance at greater than 60% of sessions (15 sessions).  
Participants will be evaluated at baseline and end point week 8. Total duration of the study will be 8 weeks.  All outcome raters will be blind to outcome allocation, however blinding of participants to their exercise condition will not be possible.
4 Study Population

Forty participants (50) undergoing psychiatric rehabilitation will be recruited through three Metro South Addiction and Mental Health Service Community Care Units (Logan, Coorparoo, Bayside).
4.1 Number of participants
The study will consist of a total of 50 participants.
4.2
Inclusion Criteria

Patients will be invited to participate in the study if they meet all of the following criteria:

1. Aged between 18-64 years (inclusive)

2. Fulfil the DSM 5 criteria for schizophrenia and related psychotic disorders (any psychotic spectrum disorder such as schizophrenia, schizoaffective disorder, bipolar disorder with psychotic features, major depressive disorders with psychosis) as confirmed by the treating psychiatrist of the unit. 
3. Have a treatment plan such that they are likely to reside within the CCU for the duration of the 8-week study
4. Agree to participate, has capacity to consent and able to follow the study instructions and procedures.
5. Has been cleared to participate in an exercise program by the accredited exercise physiologist (AEP) within the service, following standard assessment of suitability and risk as per AEP exercise guidelines within the CCU’s. 
Any participant deemed at risk of injury or considered medically unfit will be advised to be reviewed by their General Practitioner (G.P) and written clearance provided by the G.P before participation will be allowed in the research program (also in accordance with current policy at each CCU to allow access to the existing exercise program).
4.3 
Exclusion Criteria
Potential participants will be excluded if:

1. They are pregnant

2. They have a comorbid eating disorder in which exercise is considered to be contraindicated by the treating psychiatrist of the unit (ie anorexia nervosa where BMI <18; presence of medical complications of an eating disorder; or anorexia or bulimia nervosa is comorbid with exercise addiction) 

3. Substance abuse is considered to be interfering with rehabilitation engagement, and their ongoing suitability for rehabilitation is under review by the treating team. 
4. Inability to follow the study instructions and procedures
4.4 Screening assessment

Researchers will work with senior nursing staff of three CCU’s for a 3-week period prior to the intervention start date to identify those residents who might meet criteria for the study.  After verbal consent is provided, an assessment of inclusion/exclusion criteria will commence.  Participants who meet all inclusion criteria and none of the exclusion criteria will be invited to participate in the study and the formal consent process will commence. For those who consent to participate, they will be enrolled in the study and randomized.

Prior to randomisation, all participants recruited to the study will be assessed for baseline characteristics regarding: primary and secondary mental health diagnosis using DSM V by the Consultant psychiatrist on the research team, a range of sociodemographics (age, gender, employment, education, income, ethnicity), medication use – number and type of medications and chronic health conditions.  Doses of antipsychotics will be converted to chlorpromazine equivalents using standardised measures (39).  
5 Participant Information and Informed Consent

Eligible participants (18-64 years) will be given a full explanation in lay terms, with a friend or family member present if desired, of the study aims, the discomfort, risks and benefits in taking part and a copy of the Participant Information Sheet Consent Form to review. 
If the participant meets criteria to enter the study and has capacity, then informed written consent will be obtained.  It will be explained to participants that they can withdraw from the study at any time without prejudice and will not affect their current care.  The participant will have the opportunity to ask questions.  A telephone number will be provided so that participant can call a research representative who will be able to respond to any questions they may have. 

Each participant will acknowledge receipt of this information by giving written informed consent for participation in the study. A notation that written informed consent has been obtained will be made on the participant’s Case report Form (CRF).  The original, completed consent forms will be retained by the Investigator and a copy will be provided by the research staff to the participants.
6 Study Assessments and Procedures
Trained research assistants, who are blind to group membership, will conduct all assessments.
Measures conducted at baseline only, prior to randomisation:
Previous exercise experiences and history, exercise preferences, barriers and enablers to exercise will be assessed using Preferences, Barriers and Motivators questionnaire (40-42). Participants will be specifically asked the type of exercise they would prefer (RT or MIIT, or no preference) prior to randomisation. Self-report exercise will be obtained via the SIMPAQ, which is a researcher-administered self-report questionnaire assessing time (average minutes and hours) spent in bed, sitting or lying down, napping during the day, walking, structured exercise, and incidental activities completed in the previous week that has recently undergone an international validation study and correlated with objective physical activity that has undergone recent validation in people with severe mental illness (43). 

Participants will be asked to wear to a GENEActiv wrist-worn accelerometer, (GENEActiv, Kimbolton, UK) for 5 days at baseline to measure habitual physical activity.  Accelerometers have been shown to be acceptable for people with mental illness (44) and the most preferred way for measurement of physical activity by people with SMI (45).  There is scant data regarding minimum wear time in people with SMI, however prior studies in the general population indicate 3.4 days is sufficient in the general population to assess habitual physical activity (46, 47). Habitual sedentary behaviour and walking activity will be measured each day the accelerometer is worn. 

The accelerometer will record how many minutes per day each participant is sedentary and engages in light, moderate and vigorous physical activities. A recording is made of each 60-second period (defined as an ‘epoch’), and this is classified as being either sedentary, light, moderate or vigorous physical activity. Cut points have been defined according to metabolic equivalents (METs) of sedentary (<1.5 METs), light (1.5–3.99 METs), moderate (4.00–6.99 METs) and vigorous (>7+ METs), based on standardised algorithms with high sensitivity and specificity with oxygen consumption (48). Habitual physical activity will be measured as time spent in physical activity (minutes per day in light, moderate and vigorous activity) and total minutes of sedentary behaviour per day.

A battery of validated clinical and physical measures will be conducted both at baseline and endpoint, week 8. Baseline assessments will be conducted prior to randomisation:
Measures include:
1. WHODAS 2.0 –a reliable and valid assessment instrument for health and disability in all adult populations across different cultures, which covers six domains of functioning including cognition, mobility, self -care, getting along, life activities and participation. It is a 36 item questionnaire and will be interviewer administered.
2. Psychiatric symptoms will be measured using the Brief Psychiatric Rating Scale (BPRS) through the use of a semi-structured interview guide and an anchored scoring version of the BPRS-A.  The BPRS was developed for efficient and comprehensive assessment of change across a broad range of psychiatric symptoms, is brief, reliable and sensitive and has been used extensively across a variety of settings and patients 
 ADDIN EN.CITE 
(1, 2)
.  

3. Negative symptoms will be measured by the Scale Assessment of Negative Symptoms (SANS), a reliable and valid scale, using the Interview guide for Assessment of Negative symptoms (IG-SANS) (53-55).
4. Motivation to exercise; The Behavioural Regulation in Exercise Questionnaire (BREQ3) is a 24-item questionnaire used to assess amotivation, and external, introjected, identified, integrated and intrinsic behavioural regulations for exercise (four questionnaire items for each behavioural regulation subscale). Scoring is on a 5-point Likert scale ranging from 0 ('Not true for me') to 4 ('Very true to me'). BREQ-3 has high test-retest reliability (ρ>0.7) and has been shown to be moderately predictive of exercise participation (56).
5. Physical capacity will be measured using three tests; the six-minute walk test (6MWT), which is a submaximal test to assess functional capacity that is commonly used for adults with mental illness (3). The 6MWT involves the participant walking as far as possible back and forth along a flat 20 m surface in six minutes; the tester provided standardised encouragement every minute consistent with guidelines (4).
6. The 30-second sit-to-stand-to-sit test will be used to assess lower body strength, for which participants were asked to stand up from a seated position and sit back down as many times as possible without using their arms in 30 seconds. The 30 second test has no ceiling and hence can be used in participants with a wide variety of ability levels.  This test has been shown to correlate well with a 1-RM (one repetition maximum) leg-press test in community dwelling older adults (r>0.7), and hence suitable for our untrained participants, and has good test-retest reliability (59).
7. Grip Strength will be measured using a dynamometer. Maximal isometric handgrip is considered suitable for a variety of clinical settings and provides a simple and valid proxy of upper body muscular strength (19, 60).
8. Strength will be measured using the 1 minute AMRAP push up test – in which participants are asked to perform as many push ups as they can in one minute. At baseline, participants may choose to perform push ups from the knees, as a full body push up, or against a wall incline, depending on baseline conditioning. The push up test will be repeated in week 8 as the same format as was selected at baseline, ie if they select full body push ups at baseline, this will be repeated at week 8 (5).
9. Physical health measures will include; blood pressure will be taken manually with a sphygmomanometer in a seated position after 5 min of rest.  An appropriate cuff size will be selected for each participant based on arm circumference. Height will be measured to the nearest 0.1 cm using a stadiometer, and weight will be measured to the nearest 0.01 kg using electronic scales (Charder MS 6111). Waist circumference will be measured at the mid-point between the iliac crest and lower ribs to the nearest 0.1 cm using a tape measure that provides 100g of tension. Body Mass Index (BMI) will be calculated (weight/health2).
10. Subjective Experience of Exercise Scale (SEES) (61) in week 3 (once competence has developed) and week 8 (at the end of the intervention). The SEES consists of 12 items that measure global psychological responses to the stimulus properties of exercise with items being determined to sit on three domains – psychological wellbeing, psychological distress and fatigue. The three subscales have been determined to have good internal consistency (62).
11. Strength – the 12RM will be measured pre and post the intervention in large muscle groups – squat and chest press, in the RT group only (due to the complexity of the testing).
Following completion of the trial, acceptability will be assessed:
Participants will be asked to complete a short self-report questionnaire regarding their exercise experiences at the end of the 8-week intervention. Responses will be reported on a 5 point Likert scale, with answers from Strongly disagree, disagree, neutral, agree and strongly agree.
For those willing to participate, acceptability will also be assessed via qualitative interviews. Participants from the intervention condition (Resistance Training, RT) will be invited to engage in an individual 20-minute semi-structured interview with a researcher not involved in the delivery of the intervention. The interview will cover topics including likes, dislikes, effectiveness and recommendations for future iterations. For those participants who consent Interviews will be audio-recorded on a dictaphone and uploaded to a password protected Queensland health computer.   They will be de-identified and sent to a professional transcription company to be transcribed into written content, coded as interviewer and interviewee. Data will be analysed using thematic analysis to determine key themes identified by participants (6).
Table 1:
	Visit
	0

Screening

 Phase
	1

Baseline
	2
	3
	4
	5
	6
	7
	8
	9

	WEEK
	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	SCREENING AND CONSENT
	
	
	
	
	
	
	
	
	
	

	Informed consent
	x
	
	
	
	
	
	
	
	
	

	Ongoing capacity
	x
	
	
	
	
	
	
	
	
	

	Inclusion / exclusion criteria
	x
	
	
	
	
	
	
	
	
	

	Baseline demographics
	x
	
	
	
	
	
	
	
	
	

	SAFETY 
	
	
	
	
	
	
	
	
	
	

	Adverse events (before/after each session by the AEP)
	
	
	x
	x
	x
	x
	x
	x
	x
	x

	EFFICACY
	
	
	
	
	
	
	
	
	
	

	Accelerometry (worn for 5 days prior to randomisation)
	
	x
	
	
	
	
	
	
	
	

	SIMPAQ
	
	x
	
	
	
	
	
	
	
	

	Preferences, Barriers, Motivators Questionnaire
	
	x
	
	
	
	
	
	
	
	

	WHO DASS 2.0
	
	x
	
	
	
	
	
	
	
	x

	BPRS
	
	x
	
	
	
	
	
	
	
	x

	SANS
	
	x
	
	
	
	
	
	
	
	x

	BREQ 3
	
	x
	
	
	
	
	
	
	
	x

	Physical Capacity (6MWT, 30 sec sit-to-stand, grip strength, push up test)
	
	x
	
	
	
	
	
	
	
	x

	Physical Health measures (BP, height, weight, waist circumference)
	
	x
	
	
	
	
	
	
	
	x

	12RM strength, chest press and squat(RT only)
	
	x
	
	
	
	
	
	
	
	x

	SEES
	
	
	
	
	x
	
	
	
	
	x

	INTERVENTION SESSIONS
	
	
	
	
	
	
	
	
	
	

	RT and AIT (x3 sessions per week)
	
	
	x
	x
	x
	x
	x
	x
	x
	x

	Health Coaching Sessions offered
	
	
	x
	
	x
	
	x
	
	x
	

	ACCEPTABILITY
	
	
	
	
	
	
	
	
	
	

	Acceptability questionnaire
	
	
	
	
	
	
	
	
	
	x

	
	
	
	
	
	
	
	
	
	
	

	Individual interview (RT condition) - optional
	
	
	
	
	
	
	
	
	
	     x


Schedule of Visits and Assessments
6.1 Study Restrictions

For the period of this study, participants will be asked not to engage in exercise outside of the exercise type they have been randomised to, outside of supervised study sessions. 

Safety Assessments

All patients recruited in this study will be active cases at Metro South Addiction and Mental Health Service Community Care Units. The study team will liaise with clinical staff to ensure that there are no unforeseen contraindications to the participant being involved.
Both resistance training and aerobic interval training are considered safe and feasible for people with severe mental illness, and all sessions will be fully supervised by an AEP 
 ADDIN EN.CITE 
(7, 8)
.
6.1.1 Adverse Events
Data on adverse events in both conditions will be reported, including any new injuries, exacerbations of pre-existing conditions, participant withdrawal and reasons and adverse events judged to be as a direct result of the intervention will be specifically recorded in the case report form.  We will examine adverse events at before and after each training session. All adverse events reported between consent and final visit will be recorded in the case report form (CRF). The investigator or AEP will ask the Participant non-leading questions in an effort to detect adverse events e.g. “How have you been over since the last session”. We expect that adverse events will occur during the study related to fluctuations in the underlying mental disorder and medications and adjustment to increased physical activity. 
7 Investigational Exercise(s)
7.1 Description of Investigational Exercise(s)
The study will be conducted onsite at each CCU, within the shared courtyard, using pre-existing gym facilities and equipment maintained by each CCU. Both resistance training and AIT will be conducted in accordance with recommendations from the Sports Science Checklist (Supplementary material 1), in order to improve both the quality of reporting, and of methodological aspects of training and fitness assessments.

Both conditions will offer engagement in a total volume of moderate intensity exercise that will be greater than 90 min per week,  which has been shown to be associated with improvements in mental health outcomes (13).  Both exercise conditions (RT and control) will be aimed at moderate intensity exercise that will be balanced for total number of sessions and volume. The total volume of activity in RT was estimated to match what would have been attained if assigned to the AIT and in line with previous research protocols comparing aerobic with RT interventions in this population.
7.1.1 Resistance training Intervention (RT)

The World Health Organisation and Australian Physical Activity Recommendations suggest resistance training to occur on 2 or more days per week, involving main muscle groups (9, 10). 

The intervention will involve resistance training three days per week, using a variety of resistance training equipment such as hand weights and resistance bands appropriate for small clinical gym settings to enable replication of the study without substantial investment in specialised equipment or gym spaces. 

There will be a 10 minute stretching warm up and 5 minute cool down. The resistance training intervention will take approximately 30 minutes duration, with total duration 45 minutes. The active exercise volume will be progressed to 40 minutes by week 4 of the intervention, with a total duration of exercise being 50-55 minutes.
Resistance training will be progressive and tailored to the individual participant’s current ability/ exercise capacity and exercise history via individually prescribed programs, taking into account participants with schizophrenia who may be deconditioned and may have little experience with resistance training.  At all times training will be tailored to their experience level by experienced AEP’s trained exercise prescription.  An initial assessment of muscle strength will be assessed using the 12 repetition maximum test (12-RM) for relevant large muscle groups to guide exercise prescription, which is an appropriate proxy measure to estimate the 1-RM (1 Repetition Maximal test) in poorly conditioned individuals, using an established conversion formula; Brzycki 1RM Formula, 1RM = Weight x (36 / (37 – Repetitions),(11).
The aim will be to increase muscle strength progressively over the 8 weeks. Training will be appropriate for beginners and be aimed at moderate intensity (40-70%) of estimated maximum strength, (1-RM).  Week 1 will start with 40% of 1-RM, and progressed with 5% increments each week as per capacity of the individual,  with 3 sets of 8-10 repetitions, of approximate 40 seconds duration per set, and a 90 seconds duration between sets. 

Six exercises across main muscle groups used in activities of daily living will be prescribed per resistance training session.  As strength increases, sessions will be progressed using heavier weights, however each participant will be monitored for their response to training, and progression individualised. A typical session will include 6 exercises that target main muscle groups such as lower legs, back, arms/shoulders, and core, using a variety of standard resistance training equipment, for example; hand weights, kettle bells, resistance bands and a chest press bar and floor mat.  Exercises will include Romanian and sumo squats, forward lunges, bicep curls, tricep extensions, calf raises, reverse fly, shoulder press and crunches.  All exercises are appropriate for resistance training in untrained participants and will be supervised by the AEP employed at each site. The content and weights of each session will be recorded using standard protocol.
7.1.2 Aerobic Interval Training (AIT)
Participants randomised to the aerobic interval intervention will engage in a 10 minute warm up and 5 minute cool down and a 30 minute aerobic interval training intervention in a circuit style, with total duration of exercise 45 minutes. The active exercise volume will be progressed to 40 minutes by week 4 of the intervention, with a total duration of exercise being 50-55 minutes.
Equipment used for the circuit will include a stationary bike, a treadmill, boxing pads and gloves, step and mat. The circuit stations will vary each week to reduce boredom.  Stations are designed such that they could be modified (regressed/progressed) to suit individual participant capacity and preference.

Participants will engage in a circuit style training supervised by the AEP at each site, three times per week.  The aerobic intervention will begin slowly, aimed at beginners, but adapted for experience level and baseline fitness of participants.
Intensity of the aerobic intervention will be monitored using the Borg Category Ratio 10 scale of Perceived Exertion scale (RPE) (24), a 10 point scale to assess subjective perception of effort that has been calibrated against exercise intensity and will guide intensity of exercise prescription. Initial prescription will be aimed at an intensity achievable for participants with low initial CRF but progressed to reach moderate intensity by week 3 (12).  The AEP will aim for the participant to maintain an RPE at 2–3 for the first 2 weeks, then increased to a minimum RPE of 4/10 by week 3 and further increased by 5% each week as per individual participant's capacity. Following warm-up, participants will rotate through interval stations, beginning with four minutes of exercise interspersed with three minutes of active recovery (reduced intensity interval RPE 1-2) until a total of 30 minutes of MIIT is completed.  Participants will progress to five minute active intervals as the participants' functional capacity increases. 
7.1.3 Fidelity

A one day training program for AEP’s at each CCU will be conducted in order to train them in the specific delivery of the intervention such that participant programs will be standardised for each condition and conducted in accordance with the protocol.  Programs will be developed for individuals by each AEP at the CCU and reviewed by the AEP from the research team each week to ensure sessions from each condition are conducted within the scope of the intervention. This will include; terms of number of repetitions, progression, and any necessary adaptation for pre-existing musculoskeletal conditions if present. 
7.1.4 Strategies to enhance adherence

Participants from each condition will be offered a 20 minute fortnightly health coaching session utilising evidence based motivational strategies such as self- monitoring, goal setting, developing an understanding the value of physical activity and building self-efficacy for exercise, that is usual practice for accredited exercise physiologists.  Motivational strategies will be based on Self Efficacy Theory which has been utilised in previous exercise interventions for people with SMI (13).  Motivational strategies are recommended to increase adherence to exercise interventions (8).  Participants will be encouraged to play music of their choice whilst exercising to enhance pleasure, or to choose to watch youtube videos on the CCU laptop. Participants will also be able to choose whether they wish to engage in sessions individually or in small groups, and to choose preferred exercise equipment or type of resistance activities within an accepted range of available exercises to ensure personal preference and autonomy is maximised, despite randomisation to condition. 
7.1.5 Randomisation Procedure and blinding
Participants will be randomised once written consent has been obtained and the baseline assessments have been completed.  
Participants will be assigned a unique code that will be sent to an independent biostatistician for randomisation using a computer -generated sequence of numbers.  Randomisation to either RT or MIIT condition, will occur in a 1:1 ratio, using block randomisation. 

Once randomisation has occurred, participants will be notified of their group allocation by an independent staff member to ensure the research team remains blinded to allocation. 

There will be no opportunity to change conditions once randomised, however if participants wish they may withdraw from the study and continue to exercise using the equipment and AEP at each CCU independently from the study.  If withdrawal occurs, reasons for doing so will be recorded in the CRF. Following randomisation, participants will be asked whether they are happy with the condition they have been randomised to, and this will be recorded in the CRF. 
8 Adverse Events (AE) and Serious Adverse Events (SAE)

The investigator is responsible for the detection and documentation of events meeting the criteria and definition of an adverse event (AE) or a serious adverse event (SAE) as provided in this protocol. During the study, when there is a safety evaluation, the investigator or site staff will be responsible for detecting AEs and SAEs, as detailed in this section of the protocol

8.1 Definition of an Adverse Event (AE)

An AE can therefore be any unfavourable and unintended sign (including an abnormal laboratory finding), symptom, or disease (new or exacerbated) temporally associated with the use of a medicinal product, whether or not considered related to the medicinal product. For marketed medicinal products, this also includes failure to produce benefits (i.e. lack of efficacy), abuse or misuse.

Examples of an AE include:

· Acute episode of psychosis
· Exercise induced injury or complaint
Examples of an AE do not include a/an:

· Medical or surgical procedure (e.g. endoscopy, appendectomy); the condition that leads to the procedure is an AE.

· Situations where an untoward medical occurrence did not occur (social and/or convenience admission to hospital).

In this study, AEs may include pre- or post-intervention events that occur as a result of protocol-mandated procedures (i.e. invasive procedures, modification of participants’ previous therapeutic regimen).
8.2 Definition of a Serious Adverse Event (SAE)

A serious adverse event is any untoward medical occurrence that, at any dose:

a) results in death

b) is life threatening

c) requires hospitalisation or prolongation of an existing hospitalisation.

d) results in disability/incapacity, or

f)  Any event deemed by the investigator as being a significant medical event.

8.3 Time Period, Frequency, and Method of Detecting AEs and SAEs

All adverse events will be recorded between the time of consent and the follow-up visits. Each Participant will be monitored regularly by the investigator and study personnel for adverse events occurring throughout the study. The research team will enquire about AEs by asking the following non-leading questions:

At the beginning and post intervention participants will be asked:

“How are you feeling?” Does your current intervention cause you regular side effects? Do you have any general health conditions that cause you problems on a regular basis (e.g. that we might expect to occur over the duration of this study?"
At subsequent scheduled visits, participants will be asked:

“Since your last visit, have you had any health problems?”
8.4 Recording of AEs and SAEs

If an AE/SAE occurs during the course of the intervention the Investigator/delegated research staff will report accordingly with immediate medical attention sought as per usual CCU guidelines for the safe prescription of exercise within the facilities and record all relevant information regarding an AE/SAE in to the CRF.  Exercise may be able to be modified to allow continued participation in the program for any minor injuries or exacerbations of pre-existing conditions, following review by a General Practitioner and with the consent and agreement of the participant and research team (and as per usual exercise injury management policy of the CCU).   
8.5 Evaluating AEs and SAEs

8.5.1 Assessment of Intensity 

The investigator will make an assessment of intensity for each AE and SAE reported during the study. The assessment will be based on the investigator’s clinical judgement. The intensity of each AE and SAE recorded in the CRF should be assigned to one of the following categories:

Mild: An event that is easily tolerated by the Participant, causing minimal discomfort and not interfering with everyday activities.

Moderate: An event that is sufficiently discomforting to interfere with normal everyday activities.

Severe: An event which is incapacitating and prevents normal everyday activities.

An AE that is assessed as severe should not be confused with an SAE. Severity is a category utilised for rating the intensity of an event; and both AEs and SAEs can be assessed as severe. An event is defined as “serious” when it meets one of the pre-defined outcomes as described in Section 8.2 “Definition of an SAE”.

8.5.2 Assessment of Causality

The investigator is obligated to assess the relationship between the intervention and the occurrence of each AE/SAE. The investigator will use clinical judgment to determine the relationship. Alternative causes, such as natural history of the underlying diseases, concomitant therapy, other risk factors, and the temporal relationship of the event to the intervention will be considered and investigated. 

The causal relationship to the study product assessed by the Investigator (or medically qualified delegate) should be assessed using the following classifications:

Not Related
In the Investigator’s opinion, there is not a causal relationship between the study intervention and the adverse event.

Unlikely
The temporal association between the adverse event and study intervention is such that the study intervention is not likely to have any reasonable association with the adverse event.

Possible
The adverse event could have been caused by the study Participant’s clinical state or the study intervention.

Probable
The adverse event follows a reasonable temporal sequence from the time of study intervention, abates upon discontinuation of the study intervention and cannot be reasonably explained by the known characteristics of the study Participant’s clinical state.

Definitely
The adverse event follows a reasonable temporal sequence from the time of study intervention or reappears when study intervention is reintroduced.

8.6 Follow-up of AEs and SAEs

All AEs and SAEs documented at a previous visit/contact and are designated as ongoing, will be reviewed at subsequent visits/contacts.

All AEs and SAEs will be followed until resolution, until the condition stabilises, until the event is otherwise explained, or until the Participant is lost to follow-up. Once resolved, the appropriate AE/SAE CRF page(s) will be updated.

8.7     Risk Management Process

Table 2 below details the Risk Identification, Evaluation and Management plan for this study.

It will ensure that risk and uncertainly are appropriately managed for the duration of the study.  The risk management process is in accordance with the NHMRC National Statement on Ethical Conduct in Research Involving Humans (2007). 

Table 2: Risk Analysis Matrix
	Consequence
	     Response To Risk

	Likelihood

Negligible

Minor

Moderate

Major

Extreme

Almost Certain

Likely

Possible

Unlikely

Rare


	Very High

Immediate action required

High

Urgent attention or investigation required

Medium

Require specific attention

Low 

Manage through routine procedures




Risk Identification, Evaluation and Management Plan

	
	Risk
	Description
	Possible Effects


	Risk Management strategies

	
	
	
	Likelihood
	Consequence
	Rating
	

	1.
	Psychological discomfort during assessments
	Participants may experience psychological discomfort when answering questions in the clinical interview and cognitive assessments.
	Possible
	Minor-moderate
	Medium
	The PICF clearly states the potential risk of discomfort.

Recruitment of experienced mental health clinicians who will be able to minimise and manage discomfort.

Participants will be clinically assessed at baseline, 3 weeks and at 8 weeks.  Participants are given the opportunity to discuss any concerns/discomforts re previous appointment. 

Clinicians will direct and assist participants to gain support if required.



	2.
	Inconvenience of participating in the trial
	Participants may be inconvenienced by time taken to participate in the trial.
	Possible
	Negligible
	Low
	The PICF clearly states the battery of clinical assessments and physical interventions to be completed and the approximate time and frequency for clinical assessment and physical intervention visits.

Participants will be given as many breaks as necessary throughout the clinical assessment visit.
Participants will be provided with either baseline and post intervention gift cards, or Garmin Vivofit wearable device for their time involved in the trial.

Participants will be reminded that the trial is voluntary and they can withdraw at any time.

	3.
	History of self-harm/suicidal ideation
	Participant expresses suicidal ideation.
	Possible
	Moderate-severe
	High
	Recruitment of experienced mental health clinicians who are trained in conducting risk assessment and managing high risk situations.

Research staff will have access to a clinically trained senior staff and Chief Investigator who will assist research staff to conduct risk assessment and implement risk management plan if required i.e. notifying treating team and assisting in the participant accessing appropriate support (e.g. emergency services)

Research staff will be given support and feedback on risk assessments and their management to improve skills throughout the project.
Residents of CCU’s must be low imminent risk of suicide and aggression to be able to reside in residential facilities and are screened for risk by the admitting consultant psychiatrist before admission. 



	4.
	Physical discomfort
	Participant experiences an injury during the intervention
	Possible 
	Minor – moderate
	Medium
	AEP will be conducting the intervention and will monitor participants for any type of injury or physical discomfort and treat and report according to the facilities policy and procedures.
The interventions will be tailored to take into consideration the participant’s level of fitness.




9 Participant Completion and Discontinuation

9.1 Participant Completion

Participants are considered to have completed the study if they complete 8 weeks of intervention.  The number of supervised exercise sessions attended by participants in each condition (RT and MIIT group) as a proportion of total available sessions (3 sessions per week for 8 weeks - 24); feasibility will be defined by attendance at greater than 60% of sessions (15 sessions).  
Participants will be asked to complete post measures even if they are withdrawn from the study intervention, where possible.
9.2 Participant Withdrawal by the Investigator
Worsening of mental state such that the patient is admitted to hospital or their ability to provide ongoing informed consent is compromised or physical injury preventing the participant from continuing in the clinical trial.
10 Case Report Form (CRF)

A Case Report Form (CRF) will be completed for each study participant summarising all clinical screening and study data that will be used by the research team for analysis. In the CRF, participants will only be identified by their participant number in order to retain participant confidentiality. 
The completed Case report Forms (CRF’s) will be retained by the Investigators for a period of at least 15 years or the maximum time frame as determined by local regulations, whichever is the longest.
11          Data Analysis and Statistical Considerations

11.1 Hypotheses
We hypothesise that stand alone RT will be feasible and acceptable to people with psychotic disorders accessing residential rehabilitation.  
11.2   Endpoints

11.2.1 Primary
Stand-alone RT will be feasible and acceptable compared to control, aerobic interval training (AIT) based on recruitment, retention and participation.

11.2.2 Secondary 
Comparison of stand-alone RT with control, aerobic interval training(AIT) with respect to mental (functioning, mental health symptoms) and physical health outcomes
Allocation to exercise condition the participant expresses preference for prior to randomisation will result in increased adherence.

Comparison of psychological responses to a single session of exercise (week 3 and 8) between exercise conditions, RT and MIIT will be identified

11.3 Sample Size and Power
This study will be conducted as an exploratory RCT with feasibility as the primary outcome. Based on recruiting an adequate sample to assess the feasibility of the study with the resources available (63) we aim to recruit 50 participants assuming approximately 25 participants will be assigned to each intervention arm, based on previous exercise research within this setting – we anticipate 20% drop outs per exercise condition (49).
11.4 Statistical Analysis

Data analyses will be conducted using SPSS Statistics 24, (SPSS Inc, Chicago, Illinois) for the primary outcomes. Continuous variables were summarized using means and standard deviations (SD) (or median and interquartile range for non-parametric data). All variables will be tested for normality using the Shapiro-wilks test, and visual inspection of Q-Q  plots. Baseline demographic and clinical variables, participation and AE rates and mean aggregate acceptability scores will be compared between the two exercise groups using independent t-tests or Mann-Whitney U for non-parametric data. Chi square analysis for categorical data will be used to detect any baseline differences between the two exercise groups and for comparison of acceptability categories (strongly agree/agree versus other) per questionnaire item between the groups. 

Baseline demographic and clinical variables will be compared between the 2 exercise groups using independent t tests (or Mann Whitney U tests if data non parametric) for continuous data and  Chi2 square analysis  for categorical data to detect any baseline differences between the 2 exercise groups.  Baseline characteristics of those who complete >50% of the program will be compared to those who withdraw to identify characteristics of those who drop out. 

To analyse the impact of the proposed exercise intervention on secondary outcomes, analyses will be performed on an intention-to-treat basis. Change from baseline in secondary outcomes at week 8 will be calculated as least squares (LS) means using a Linear Mixed Effects Model (LMM). Treatment group (RT or AIT) and time will be used as factors, with covariates established in previous similar research (age, gender, participation, and antipsychotic medication use),(García-Garcés et al., 2021b). Where group/time differences were detected, posthoc (Bonferroni) analyses will be carried out separately for the intervention and control group, with Cohen’s d estimate of effect sizes provided. LMM was performed using R (software version 4.04, 2024). All the statistical tests were two-tailed with the critical P value for significance set at?<?0.05. 

For the RT group only, 12 RM strength will be assessed for normality and compared pre and post the intervention using paired samples t test. 

To examine the association between exercise preference prior to randomisation with participation, a one-way ANOVA compared exercise participation rates between three groups; (i) those who randomly received their exercise preference, (ii) those who did not, (iii) those who expressed no exercise intervention preference.  
The three feeling state domains from the SEES would be assessed using a group (RT, MIIT), time (pre/post) ANOVA with repeated measures.   The effect size of the differences between values will be interpreted using Cohen’s d statistic (Cohen, 1988). An effect size of <0.2 reflects a negligible difference; ≥0.2 to ≤0.5, a small difference; ≥0.5 to ≤0.8, a moderate difference; and ≥0.8, a large difference.
12 Data Management

A screening log will be utilized to track potential participants and also record the counts of individuals approached, consented, meeting inclusion/exclusion criteria, withdrawals, and completion (in keeping with standard CONSORT diagram requirements).

The Case Report Form (CRF) will comprise of the hard copy questionnaires, clinical assessments and measures.  These de-identified data will be retained in a secure room, in a locked filing cabinet at Queensland Centre for Mental Health Research.         
De-identified data from the CRFs will be entered into a spreadsheet that is stored on a password protected Queensland Health computer, which only members of the research team will have access to.  Delegated research assistant will be trained in, and responsible for, entering data into the database.  A copy of the PICF will be stored in a secure room in a locked filing cabinet separate from the CRFs at Queensland Centre for Mental Health Research.
All data will be exported into SPSS software to enable statistical analysis. 

GENEActiv accelerometer data will be downloaded at completion of baseline and analysed in Matlab 2016a (The MathWorks, Inc., Natick, Massachusetts, United States) on a password protected Queensland Health computer. 

13 Monitoring and Quality Assurance
The investigator will submit to the Reviewing HREC, annual (or more frequent if requested) reports of the study. 
The investigator will monitor data entered and be responsible for resolving data entry errors and discrepancies. 

Data quality will be ensured by performing data entry checks for consistency between the CRF and the data entry into the password protected spreadsheet.  These checks will be performed during data entry so that discrepancies can be resolved immediately.
14 Investigator Responsibility

The Coordinating Principal Investigator will be responsible for the conduct of all aspects of the study. The study and its associated documents will be reviewed and approved by the appointed certified HREC and Research Governance before study start.  

Prior to submission to appointed HREC and Research Governance, the investigator will sign the protocol signature page confirming her agreement to conduct the study in accordance with the protocol, GCP and other regulatory requirements locally applicable.  All relevant data and records will be provided to the HREC as required.  

Each Investigator will comply with the local regulations regarding clinical trials and the Investigator responsibilities outlined in the ICH GCP guidelines.
15 Study Report

The Investigator will submit at least annual study reports to the reviewing HREC, or more frequent if required.
16 Administrative Procedures

16.1 Ethical Considerations

All documentation pertaining to the study must be prepared in accordance with the requirements outlined by the relevant ethics committee. All documentation must then be approved or given a favourable opinion in writing by an HREC as appropriate.  

The Coordinating Principal Investigator is responsible for informing the HREC of any amendment to the protocol in accordance with local requirements.  In addition, the HREC must approve all advertising used to recruit participants for the study.  

The study will be performed in accordance with ethical principles that have their origin in the Declaration of Helsinki and are consistent with ICH/Good Clinical Practice, applicable regulatory requirements. The NHMRC National Statement on Human Research will also be utilised.

16.2   Ethical Review Committee 
The HREA and associated documents will be submitted for approval to the appointed HREC and written approval obtained from both the appointed HREC and Governance Office, before volunteers are recruited and participants are enrolled.  The Coordinating Principal Investigator will submit the HREA and associated documents including Site Specific Applications to the appointed HREC and Research Governance.  The Coordinating Principal Investigator has overall responsibility to ensure all reports are submitted in line with the appointed HREC reporting requirements.  
16.3   Informed Consent 

Our criteria will ensure that recruited participants will be sufficiently competent to consent and participate in the study or to refuse consent.  Current research provides evidence that while psychotic symptoms may be present, these do not robustly predict an individual’s functionality in daily life and capacity to make decisions, and whilst strongly correlated with cognitive impairment, do not reflect an enduring inability to understand information related to research participation.

16.4   Participant Reimbursement 

Participants will be reimbursed for out of pocket expenses, inconvenience and time involved by the provision of either prepaid gift cards (e.g. Coles-Myer, K-Mart etc) or a Garmin Vivofit wearable device (value ~ $80) at the beginning of the intervention, the choice will be theirs. We will provide a $20 gift card to those who verbally assent to complete the SEES questionnaire before and after a single session of exercise in week 3 of the intervention.  We will provide a $40 gift card on completion of the baseline assessment and at the end of study assessment (total reimbursement $100).  If the study is terminated by the Investigator prior to completion, or a participant withdraws or is withdrawn from the study before completion, a pro-rata payment will be made at the discretion of the Investigator.   
Participants will be given an opportunity to participate in a small group interview at the end of the intervention and will be reimbursed a $20 gift card for inconvenience and time involved.
16.5 Investigator Indemnification 

The clinical trial insurance will reimburse participants for costs of medical care that occur as a result of complications directly related to participation in this study. The Investigator and insurance company will be notified as soon as possible if this occurs or where a causal relationship cannot be excluded. All SAE’s will be reported to the nominated Hospital and Health Service insurance company.  

16.6 Publication Policy

Results will be disseminated in peer reviewed publications and published in international journals.  Only group data will be reported.  

16.7 Protocol Amendments 

Any amendments to the protocol will be submitted to the appointed HREC by the Coordinating Principal Investigator for approval.  Any approved amendments by the appointed HREC will be forwarded by the Coordinating Principal Investigator for submission to each Research Governance Office.

No changes (amendments) to the Protocol will be implemented without prior approval from the Reviewing Ethics Committee.  If a Protocol amendment requires changes to the Informed Consent Form, the revised Informed Consent Form, prepared by the Coordinating Principal Investigator, will be approved by the Reviewing Ethics Committee and site governance officers.

Once the final Protocol has been issued and signed by the Coordinating Principal Investigator and the authorised signatories, it will not be informally altered.  All protocol amendments will pass through appropriate approval steps before being implemented.  Any change to the protocol constitutes an amendment.

Where the amendment affects the ongoing suitability of the study at a participating site, Research Governance approval will also be sought.  The Research Governance Office will determine the ongoing suitability based on the amendment submitted.

The Coordinating Principal Investigator will submit the amendment to the appointed HREC for their approval; written approval will be obtained.   Completed and signed Protocol amendments will be circulated to all appointed site Investigators.

16.8 Version Control

Version control ensures that amendments to documents are tracked and verifiable and that the correct version of a document is in use according to the relevant ethical, regulatory or local approval.

All documents will be given a version number and date e.g. Version 1.0 15-Feb-15

Each amendment to a document will require a version number and date to be updated.

If this is a significant change e.g. change in the content of the document, then the version number will be increased by 1.0.

If it is a minor change e.g. contact details, then the number after the decimal point will be increased by 0.1.

16.9 Protocol Compliance

Should there be questions or consideration of deviation from the Protocol, clarification will be sought from the Coordinating Principal Investigator.  Any participant treated in a manner that deviates from the Protocol, or who is admitted into the study but is not qualified according to the Protocol, will be ineligible for analysis.

If an emergency occurs that requires a departure from the Protocol, the nature and reasons for the Protocol violation/deviation will be recorded in the CRF and the Coordinating Principal Investigator will notify the Reviewing HREC and /or Governance Office as soon as possible.

Whilst the Coordinating Principal Investigator has overall responsibility for the conduct of the study, the appointed site Investigators will have the responsibility to ensure all study personnel at their sites comply with GCP, National Statement on Ethical Conduct (2007), Australian Code for the Responsible Conduct of Research and local policies and procedures.

16.10  Archives: Retention of Study Records

All Case report Forms (CRF’s) and study documentation will be kept by the Investigators for at least 15 years or the maximum time frame as determined by local regulations, whichever is the longest.
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