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[bookmark: _Toc70333678]Summary
Vitamin D insufficiency has been observed in people with psychosis. Research has linked low levels to a higher risk of developing schizophrenia1 and to worse outcomes once diagnosed.2 Vitamin D receptors are expressed in the brain and its direct action might have a neuroprotective effect for people who have insufficient levels. We hypothesized that vitamin D supplementation may protect people with first episode psychosis from experiencing deterioration in symptoms. To test this, a randomised controlled trial was designed to evaluate symptoms in first episode of psychosis following six monthly doses of 120,000 IU of vitamin D compared to a placebo.
Participants presenting to services within the last three years were recruited from community and inpatient services. Randomisation was 1:1 to either placebo or vitamin D, stratified by ethnicity. The primary outcome was the total score on the Positive and Negative Syndrome Scale (PANSS) at six months. Secondary outcome measures included PANSS at three months, PANSS subscales at three and six months, the Calgary Depression Scale, the Global Assessment of Function (GAF), markers of cardiovascular risk (waist circumference, BMI, HbA1c, total cholesterol and C-reactive protein), and vitamin D blood concentrations at six months. The statistical analysis followed an intention-to-treat design, with a subgroup analysis planned for participants insufficient in vitamin D at baseline.
Recruitment took place from January 2016 to June 2019, with 149 participants taking part. The mean age was 28.08 (SD 8.54) with 40.3% female and 59.7% male participants. Adherence to the intervention, defined as at least 3 doses, was achieved by 68.5% of the group (68.0% in the placebo arm and 68.9% in the vitamin D arm). Attrition was 30.2% at six months, balanced between trial arms. The treatment was well tolerated and safe. Sixty-six participants experienced an adverse event (total 119 events), with 6 events considered an adverse reaction (4 in the placebo group, 2 in the vitamin D group). There were 21 serious adverse events reported in 18 participants, with 1 possibly related to the treatment, and 3 remotely related. 
The vitamin D supplementation was successful at increasing vitamin D levels at Month 6. However, treatment had no effect on any outcome measure. The subgroup analysis also reported no differences between trial arms for any outcome measures. However, it showed that 106 participants out of 142 (75%) had insufficient levels of vitamin D at baseline, defined as <50 nmol/L.
In conclusion, the DFEND clinical trial has added to accumulating evidence that monthly vitamin D treatment does not lead to better clinical status compared to placebo. It does not preclude that daily vitamin D might be associated with different effects. High boluses of vitamin D were deemed safe with few associated adverse events. There was a high level of vitamin D insufficiency in the group and thus vitamin D supplementation should be considered as part of wider routine clinical care in this patient population. 


[bookmark: _Toc70333679]Ethics
[bookmark: _Toc288119229][bookmark: _Toc316891199][bookmark: _Toc319071401][bookmark: _Toc502741789][bookmark: _Toc70333680]Independent Ethics Committee or Institutional Review Board
The study protocol and amendments were reviewed and approved by a National Research Ethics Service (London, Dulwich, reference 14/LO/1588).
[bookmark: _Toc288119230][bookmark: _Toc316891200][bookmark: _Toc319071402][bookmark: _Toc502741790][bookmark: _Toc70333681]Ethical conduct of the study
The trial was conducted according to the protocol and in compliance with the principles of the Declaration of Helsinki (1996) as amended, the principles of Good Clinical Practice (GCP) and in accordance with Medicines for Human Use (Clinical Trials) Regulations 2004, as amended, the Research Governance Framework for Health and Social Care, the Data Protection Act 1998 and other regulatory requirements as appropriate. The trial protocol and substantial amendments were reviewed by the United Kingdom (UK) Medicines and Healthcare products Regulatory Agency (MHRA).
[bookmark: _Toc288119231][bookmark: _Toc316891201][bookmark: _Toc319071403][bookmark: _Toc502741791][bookmark: _Toc70333682][bookmark: _Hlk6495129]Subject information and Consent
Patients with first episode psychosis (FEP) were recruited from both community and inpatient services. Patients who fit study inclusion criteria were approached by a member of the trial team. Patients were provided with a copy of the patient information sheet and had the study and the implications of taking part explained to them. Potential participants were encouraged to ask questions at every stage as part of this process.
Patients had a minimum of 24 hours once they had received the patient information sheet to consider whether they wished to take part. For those who wished to do so, a consent meeting was scheduled. The consenting process was led by a healthcare professional trained in the trial protocol, either a doctor, nurse, or occupational therapist. 

[bookmark: _Toc70333683]Data Monitoring
[bookmark: _Toc70333684]Trial Monitoring 
The Kings Health Partners Clinical Trials Office (KHP-CTO) provided a data monitoring service across all study sites according to ICH GCP guidelines. Site staff assisted with this ongoing monitoring by providing access to source data and electronic records as needed.
[bookmark: _Toc70333685]Data Monitoring Committee (DMC) 
Regular meetings have taken place with the data monitoring committee (DMC) chaired by an independent physician, joined by an independent statistician and an independent psychiatrist. The committee reviewed data reports provided by the Trial Statistician. Open reports included overall general outcome data and adverse events. Closed reports presented the data by treatment allocation. Allocations were not revealed but were referred to “Treatment A” and “Treatment B”. 
[bookmark: _Toc70333686]Trial Steering Committee (TSC)
The Trial Steering Committee was comprised of two independent psychiatrists one of whom chaired the committee and two patient/public involvement representatives. Other members of the committee included the chief investigator, a co-investigator, the trial manager and statistician. The TSC reviewed the same report as the DMC when available and took recommendation from the DMC about the trial’s progress. 

[bookmark: _Toc70333687][bookmark: _Hlk66096387]Sponsors and Trial Sites
[bookmark: _Toc70333688]Co-Sponsors 
Kings College London
King’s Health Partners Clinical Trials Office
F16 Guy’s Tower, Guy’s Hospital, Great Maze Pond, London SE1 9RT

South London and Maudsley NHS Foundation Trust (SLAM)
c/o Joint R&D Office of Institute of Psychiatry, Psychology & Neuroscience and South London and Maudsley NHS Foundation Trust, PO05, IOPPN Main Building, De Crespigny Park, London SE5 8AF

[bookmark: _Toc70333689]Trial Sites
South London and Maudsley NHS Foundation Trust (SLAM) 
Southern Health NHS Foundation Trust
Cheshire & Wirral Partnership NHS Foundation Trust (CWP)
Kent and Medway Partnership NHS Trust (KMPT) 
South West London & St George’s Mental Health NHS Trust (SWLSTG)	

[bookmark: _Toc70333690]Chief Investigator 
Professor Fiona Gaughran	

[bookmark: _Toc70333691]Co-Investigator(s), Statistician, Laboratories, Database Management
[bookmark: _Toc70333692]Co-Investigators
Professor John McGrath
Dr Shubulade Smith
Professor Michael Berk 
Professor Sabine Landau
Professor David Taylor
Professor Robin Murray
Professor Philip McGuire

[bookmark: _Toc70333693]Site Principal Investigators 
Professor Shanaya Rathod (Southern Health)
Dr Andrew Boardman (CWP)
Dr Rehab Khalifa (KMPT)
Dr Mudasir Firdosi (SWLSTG)
[bookmark: _Toc70333694]Trial Manager
Dr Gabriella Wojewodka 
[bookmark: _Toc70333695]Trial Statisticians 
Professor Sabine Landau
Dominic Stringer 
[bookmark: _Toc70333696]Database Management 
The DFEND Study uses the InferMed MACRO 4 (Elsevier, UK) database managed by:
King’s Clinical Trials Unit 
Institute of Psychiatry, Psychology & Neuroscience 
16 De Crespigny Park, Denmark Hill, London SE5 8AF 
[bookmark: _Toc70333697]Randomisation 
The DFEND randomisation system was supported by the King’s Clinical Trials Unit (see above).
[bookmark: _Toc70333698]Storage of Samples for Vitamin D Analysis 
NIHR / KCL Bioresource Centre
SGDP Centre & Centre for Neuroimaging Sciences, Institute of Psychiatry, Psychology & Neuroscience 
De Crespigny Park, Denmark Hill
London SE5 8AF 
[bookmark: _Toc70333699]Vitamin D Sample Testing
Viapath Lab
Kings College Hospital 
Bessemer Wing
Denmark Hill
London SE5 9RS

[bookmark: _Toc70333700]Study Synopsis

	Title of clinical trial 

	A randomised, double-blind, placebo-controlled, parallel-group trial of Vitamin D supplementation compared to placebo in people presenting with their First Episode of psychosis Neuroprotection Design (DFEND)

	Protocol Short Title/Acronym 

	DFEND 

	Study Phase 

	Phase II

	Sponsor name 

	Kings College University, and South London & Maudsley NHS Foundation Trust (SLAM) are joint sponsors.


	Chief Investigator 

	Professor Fiona Gaughran 

	Eudract number 

	2014-002639-32

	REC number 

	REC 14/LO/1588

	IRAS project ID: 	

	147978

	Clinical Trial Registration 

	ISRCTN12424842

	Medical condition or disease under investigation 
	First Episode Psychosis (FEP)

	Purpose of clinical trial 

	To determine whether a monthly supplement of 120,000 IU of vitamin D3 (cholecalciferol) for 6 months in addition to standard treatment is more effective than a placebo in improving clinical outcomes (Positive And Negative Syndrome Scale, PANSS, total score) at 6-month follow up for patients with First Episode Psychosis (FEP)

	Primary objective 

	Symptom severity assessed via total PANSS score at 6-month follow up.

	Secondary objective (s) 

	To examine PANSS total score and related subscores (Positive Scale, Negative Scale and General Psychopathology Scale) at 3 and 6 months, and a broader range of clinically relevant outcomes based on Global Assessment of Function (GAF), the Calgary Depression Scale, and 25OHD vitamin D concentrations, along with cardiovascular risk markers (waist circumference, BMI, HBA1c, total cholesterol & CRP).  
To examine these outcomes in (a) all participants regardless of baseline vitamin D status and (b) including a subgroup of patients with suboptimal vitamin D concentrations at baseline. 	

	Trial Design 

	Double-blind, placebo-controlled, parallel-group trial of Vitamin D supplementation compared to placebo

	Endpoints 

	Primary: 6-month assessment
Secondary: 3- and 6-month assessments

	Planned number of subjects

	240

	Summary of eligibility criteria 

	Patients within Psychosis Services, including Early Intervention Services (EIS) and First Episode Psychosis (FEP) inpatient units who meet the following criteria were invited to participate in the study:  
· Aged between 18- 65 years old including women of child-bearing age
· Having a first diagnosis of functional psychosis – FEP defined according to ICD-10 criteria for psychosis (codes F20-29 and F30-33) 
· Willing to refrain from taking multivitamin or non-study vitamin D supplements, including cod liver oil, that exceed 400 IU/day of vitamin D throughout the study

	IMP, dosage and route of administration 

	The IMP is Vigantol® oil (cholecalciferol or vitamin D3, Merck GmbH) given orally at a dose of 120,000 IU per month (equivalent to 4,000 IU per day). Cholecalciferol was dispersed in triglyceride oil as vehicle in 8 ml bottles, containing 20,000 IU cholecalciferol per 1 mL drop. IMP and placebo were administered as 6 mL given in a graduated oral syringe by a trained member of the research team.

	Active comparator product(s) 

	The placebo contained an organoleptically matched triglyceride oil (Miglyol® 812 oil) in identical bottles.

	Maximum duration of treatment of a subject 
	6 months  

	Version and date of protocol amendments 

	v1, dated 07.08.2014
v2, dated 28.05.2015
v3, dated 24.08.2015
v4, dated 08.04.2016
v5, dated 11.05.2016
v6, dated 02.12.2016
v7, dated 02.06.2017
v8, dated 23.08.2017
v9, dated 11.04.2018 (retracted, not in use)
v9.1, dated 06.06.2018
v9.2, dated 01.10.2018
v10, dated 06.02.2018 (not in use)
v10.1 dated 03.05.2019




[bookmark: _Toc70333701]Publication 
Protocol publication:
Gaughran F, Stringer D, Berk M, Smith S, Taylor D, Whiskey E, Landau S, Murray R, McGuire P, Gardner-Sood P, Wojewodka G, Ciufolini S, Jordan H, Clarke J, Allen L, Krivoy A, Stubbs B, Lowe P, Arbuthnott M, Rathod S, Boardman A, Firdosi M, McGrath JJ. Vitamin D supplementation compared to placebo in people with First Episode psychosis - Neuroprotection Design (DFEND): a protocol for a randomised, double-blind, placebo-controlled, parallel-group trial. Trials. 2020 Jan 6;21(1):14. doi: 10.1186/s13063-019-3758-9.

[bookmark: _Toc70333702]Study period

Ethics approval was received on 23rd February 2015. 
The first patient visit (FPFV) was on 19 January 2016. 
Participant recruitment was completed on 14th June 2019. 
The last patient last visit (LPLV) was on 20th December 2019, which was considered as the end of the trial. 

There were no interruptions to the trial. 

[bookmark: _Toc70333703]Phase of development
The trial was a Phase II trial of vitamin D for people with first episode of psychosis, as this was the first trial testing vitamin D in this population. 

[bookmark: _Toc70333704]Objectives
[bookmark: _Toc70333705]Primary Objectives 
To determine whether 120,000 IU/month of vitamin D (cholecalciferol) added to standard treatment is more efficacious than placebo in improving outcomes on the Positive and Negative Syndrome Scale (PANSS) Total score after 6 months. 
[bookmark: _Toc70333706]Secondary Objectives 
1) In all participants: To examine PANSS Total score and related sub-scores (Positive Scale, Negative Scale and General Psychopathology Scale) after 3 and 6 months of treatment, and a broader range of clinically relevant outcomes: Global Assessment of Function (GAF), the Calgary Depression Scale, cardiovascular risk markers (waist circumference, BMI, HBA1c, total cholesterol & CRP) and 25(OH)D concentrations at 6 months
2) In a subgroup of the sample with suboptimal vitamin D concentrations at baseline: To examine all secondary outcome measures (except for the 25(OH)D concentrations at 6 months which we will examine in all participants only).
[bookmark: _Toc70333707]Tertiary Objectives 
To collect data on inflammatory/immune markers.

[bookmark: _Toc70333708]Background and Context

Vitamin D belongs to a group of fat-soluble secosteroids with receptors expressed systemically, including in the brain. Persistently low vitamin D levels causes rickets in children, and is linked to osteoporosis and increased fractures in adults.3 Vitamin D has been postulated to exert effects in other health conditions such as cancer,4 diabetes,5 and  cardiovascular disease,6 however the effects are still debated.7 Vitamin D is obtained through sun exposure on the skin, and diet. Thus vitamin D levels are dependent on outdoor activity, nutrition, supplementation and is mediated by BMI.5 

Vitamin D and schizophrenia 
The field has long been aware of the link between schizophrenia and vitamin D.8 Schizophrenia is more common in those born in winter and spring in the northern hemisphere.9,10 The prevalence of schizophrenia is associated with latitude – a finding first described by Fuller Torrey over 30 years ago11 and since replicated in systematic reviews.10 These findings, and the evidence that dark-skinned minority groups in cold countries have an increased risk of schizophrenia12 has led to the hypothesis that low vitamin D (especially during early life) may be implicated in schizophrenia.13 A study based on Danish neonatal dried blood spots has supported this hypothesis.1 Low vitamin D during childhood (mean age 9 years) was associated with an increased risk of psychotic symptoms during adolescence (mean age 14 years) in a UK birth cohort study (n = 3,182).14 A large population-based study of Swedish women (n = 33,623) found a significantly increased risk of psychotic-like experiences in those with low vitamin D intake.15 Thus, the evidence suggests that low vitamin D not only disrupts early brain development but may also compromise later periods of brain growth and maturation. 

Optimal vitamin D concentration is neuroprotective
There is robust evidence from in vitro and animal experiments indicating that vitamin D is neuroprotective.16 For example, vitamin D is a potent inducer of nerve growth factor (NGF).17 In addition, vitamin D has a direct neuroprotective action against excitotoxic insults by down regulating L-type calcium channels18 and pre-treatment with vitamin D attenuates the effects of various stressors, including 6-hydroxydopamine-induced neurotoxicity.16 Suzuki and colleagues reported the outcomes of a double-blind, placebo-controlled trial of vitamin D supplementation (1,200 IU per day, for one year) on various Parkinson's Disease (PD) related outcomes.19 Those on placebo (and thus, those more likely to have persisting vitamin D insufficiency or deficiency) had a steady worsening on PD outcomes. In contrast, those on vitamin D supplements had no change in PD outcomes over the year, suggesting that low vitamin D status exacerbates disease progression.20 

Could low vitamin D impair recovery from first episode psychosis?
Previously, we proposed that first generation dark-skinned migrants exposed to both social adversity and hypovitaminosis D may be less able to buffer stress-related adverse brain outcomes.13 In light of the neuroprotective properties of vitamin D (especially those related to dopaminergic pathways), and the findings that vitamin D supplementation may slow the progression of dopamine-related neurodegenerative disorders like PD, we believed that there was a strong case to examine whether vitamin D supplementation can optimize outcomes in first episode psychosis (FEP).13

Our earlier study of 69 people with first episode psychosis showed a nearly three-fold increased risk of vitamin D deficiency compared to 69 controls matched on age, sex and ethnicity (OR= 2.99, 95% CI=1.33-6.74).21 In the FEP group, over a third (36.2%) had a vitamin D deficiency (less than 25 nmol/L) while only 25% had vitamin D sufficiency (above 50 nmol/L).  Our larger more recent prospective work showed that higher vitamin D levels at baseline (n = 77) were cross-sectionally associated with better visual reproduction-immediate recall (β=0.249, 95%CI=−0.012–0.871, p = 0.044) and with lower total PANSS (B=−0.24, 95%CI=−0.47 to−0.01, p=0.04) and
PANSS negative symptom scores (B=−0.12, 95%CI=−0.23 to −0.01, p = 0.04) 12 months later.22 

Several open-label, non-controlled studies that have used vitamin D supplements in those with psychotic disorders,23-25 but these have focused on general health outcomes (e.g. metabolic syndrome) and 25OHD concentrations. One RCT explored if vitamin D supplements improved outcomes in clozapine-treated patients with chronic schizophrenia. The study concluded with a trend in better cognitive outcomes in participants in the vitamin D arm.26 However it was a short 8-week study in a group of patients with established schizophrenia. A systematic review of vitamin D in mental health and mental disturbances concluded that the impact of supplementation on improvement in symptoms remained unclear.27

Could vitamin D supplementation improve recovery from FEP? 
Mindful of a study suggesting that fish oil supplements can reduce the progression of high-risk individuals to psychosis,28 we speculated that optimal vitamin D status could be neuroprotective in those with FEP. In particular, we hypothesized that in FEP patients, suboptimal vitamin D will be associated with worse outcomes compared to those with normal vitamin D concentrations (e.g. at least 50 nmol/L). Thus, we hypothesized that vitamin D supplements will be associated with better outcomes. 

Apart from the core symptoms associated with FEP, there is evidence that persistent low vitamin D may also compound the poor health status that is already associated with psychotic disorders.29,30 For a variety of reasons related to shared risk biomarkers, lifestyle and the side-effects of medication, it is widely accepted that people with psychotic disorders have an increased risk of osteoporosis.31 

There continues to be clinical equipoise regarding the benefits and cost-effectiveness of routine testing and supplementation of vitamin D in people with psychosis. The aim of this clinical trial was to evaluate vitamin D supplementation, added to treatment as usual, as a neuro-protector compared to placebo. We hypothesized that vitamin D would be protective against deterioration of symptoms in first episode psychosis. 

[bookmark: _Toc70333709]Methodology
[bookmark: _Toc70333710]Study Setting 
Recruitment took place within the English mental health care system which is part of the UK National Health Service (NHS). The NHS provides free at the point of use healthcare services funded by the UK government. 

Participants were screened and recruited from community mental health services and inpatient services. This included early intervention and home treatment teams in the community and early intervention, general and forensic psychiatric inpatient wards. Study sites covered predominantly highly urban areas of large cities like London (SLAM and SWLSTG) and greater Manchester (CWP). However, study sites in Southampton and Kent (KMPT) covered a more variable mix of smaller urbanised areas and more rural communities. 

The study coordinating centre was at King’s College London.  
[bookmark: _Toc70333711]Recruitment 
Members of the research team regularly attended community team bases and wards to talk to staff and potentially interested patients. Initial contact was either face to face or on the phone. Doctors and care coordinators could also refer interested patients to the research team. Basic eligibility was ascertained by the researcher and a meeting was scheduled to obtain informed consent to enrol in the trial and confirm eligibility by a study doctor. Consent was taken by a doctor, nurse or allied health professional trained in GCP and in the trial protocol. 
Eligibility was confirmed by a GCP certified doctor trained in the study protocol and prior to randomisation. This involved reviewing each of the eligibility criteria and included a baseline blood test to check calcium levels. An eligibility form was completed to confirm all criteria were met.  
[bookmark: _Toc70333712]Participant Timeline in the Study
Following confirmation of eligibility and providing written informed consent, participants were randomised to their treatment allocation within 14 days of completing baseline assessment. This allowed time for baseline blood test results to be received, reviewed, and signed off after safety checking by a study doctor.

Participants were expected to attend 6 monthly visits to receive the dose of IMP or placebo. Visits at the 3- and 6-month follow-ups involved collecting data for primary and secondary outcomes as well. The day of the first dosing visit served as the anchor day for following monthly visits. The subsequent monthly visits occurred -2/+2 weeks from the anchor day. For example, if the first dose was on the 15th of the month, all subsequent doses were as close to the 15th of the month as possible, with a window of -2 to +2 weeks of the date. To limit participants finishing too quickly due to the large dosing window, a minimum 24 days were implemented between dosings. 

Outcome measures were assessed at the 6-month follow-up visit. Each participant received a telephone call 28 days after their final dose to collect safety data. 
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Table 1. Schedule of visits and assessments for the DFEND trial
	
	STUDY PERIOD

	
	Enrolment
	Allocation
	Post-allocation
	Close-out

	TIMEPOINT
	-2 weeks
	0
	Month 1
	Month 2
	Month 3
	Month 4
	Month 5
	Month 6
	28 days after last dose

	ENROLMENT:
	X
	
	
	
	
	
	
	
	

	Eligibility screen
	
	
	
	
	
	
	
	
	

	Informed consent 
	X
	
	
	
	
	
	
	
	

	Allocation
	
	X
	
	
	
	
	
	
	

	INTERVENTIONS:
	
	
	X
	X
	X
	X
	X
	X
	

	Vitamin D or Placebo
	
	
	
	
	
	
	
	
	

	ASSESSMENTS:
	
X
	
	
	
	
	
	
	
	

	Sociodemographics
	
	
	
	
	
	
	
	
	

	NOS (Duration of untreated psychosis)
	X
	
	
	
	
	
	
	
	

	Medical history 
	X
	
	
	
	
	
	
	
	

	Current medications
	X
	
	X
	X
	X
	X
	X
	X
	X

	Vitamin D supplementation check
	X
	
	X
	X
	X
	X
	X
	X
	

	Anthropometrics
	X
	
	
	
	
	
	
	X
	

	Blood sample for vitamin D levels
	X
	
	
	
	
	
	
	X
	

	Blood sample: clinical, genetic, including calcium
	X
	
	
	
	
	
	
	X
	

	Urine pregnancy test*
	X
	
	X
	X
	X
	X
	X
	X
	

	Smoking habits questionnaire
	X
	
	
	
	
	
	
	X
	

	PANSS
	X
	
	
	
	X
	
	
	X
	

	GAF
	X
	
	
	
	
	
	
	X
	

	CDS
	X
	
	
	
	
	
	
	X
	

	OPCRIT
	X
	
	
	
	
	
	
	
	

	Sun exposure questionnaire
	X
	
	
	
	
	
	
	X
	

	IPAQ
	X
	
	
	
	
	
	
	X
	

	SIMPAQ
	X
	
	
	
	
	
	
	X
	

	Fitzpatrick Skin Type questionnaire
	X
	
	
	
	
	
	
	X
	

	Vitamin D food frequency questionnaire
	X
	
	
	
	
	
	
	X
	

	Patient medication guess form
	
	
	
	X
	X
	X
	X
	X
	X

	Service contact form
	
	
	
	
	
	
	
	X
	

	Adverse events
	
	
	X
	X
	X
	X
	X
	X
	X

	Blood sample: safety – calcium and albumin check**
	
	
	
	
	X
	
	
	
	


*In the event that it was not possible to obtain a urine sample, a blood HCG sample could be obtained and tested for pregnancy. No IMP will be administered without first ascertaining pregnancy status. Pregnancy tests were not done for female participants who were permanently sterile or who were post-menopausal (no menses for 12 months without an alternative medical cause).
** Blood sampling for calcium levels (including parathyroid hormone test if hypercalcaemic) were always done at Month 3, but could be done at all monthly visits if a participant reported nausea and vomiting.
NOS: Nottingham Onset Schedule, PANSS: Positive and Negative Sydrome Scale, GAF: Global Assessment Functioning, CDS: Calgary Depression Scale, OPCRIT: Operational Criteria, IPAQ: International Physical Activity Questionnaire, SIMPAQ: SIMple Physical Activity Questionnaire

[bookmark: _Toc70333713]Trial Medication 
The IMP was a vitamin D3 supplement (cholecalciferol). All eligible and consented patients were randomised to receive 120,000 IU of vitamin D3 or a placebo. The vitamin D dose was equivalent to 4,000 IU per day. This was given once per month for a maximum of 6 months.

The IMP was given as the drug Vigantol® (Merck GmbH) which contains vitamin D3 (cholecalciferol) in oil. The placebo was be an organoleptically matched triglyceride oil (Miglyol® 812 N oil, IOI Oleo GmbH). Both the IMP and the placebo were packaged in identical sealed glass bottles. 

The Pharmacy Manufacturing Unit at Guys and St-Thomas’ NHS Foundation Trust was responsible for the manufacture of the IMP and placebo for DFEND. This included labelling of bottles, packaging, quality control and final release for clinical trial use.

Both vitamin D and placebo were given orally in a volume of 6 mL. A trained researcher transferred the liquid from the glass bottle into a syringe for oral administration, either by the researcher or the participant themselves. 
[bookmark: _Toc70333714]Dosing Regimen 
A monthly dosing regimen was selected to improve adherence rates. The patient group is typically on a high medication burden and the risk of forgetting to take the trial treatment was high. In addition, having a researcher give the dose ensured that the amount taken would be accurately recorded.

[bookmark: _Toc70333715]Randomisation
Randomisation of participants was conducted using an online service provided by Kings Clinical Trials Unit (Kings College London, London, UK). Randomisation took place following written informed consent, eligibility check and within 14 days of baseline measures. 

Randomisation was stratified according to the ethnicity (white or other) at a 1:1 ratio with randomly varying block sizes of 2-4. 

[bookmark: _Toc70333716]Assignment of Intervention 
At enrolment (consent and baseline assessment), each participant was assigned a unique identification number which remained with them throughout their time in the study. 

When a participant’s identification number was entered into the online randomisation system, the algorithm randomly allocated them to a study arm and notified the unblinded members of the study team by email. Only site pharmacy staff, the study pharmacy monitor and the emergency unblinding service had treatment allocation information. Pharmacy staff would assign a bottle of the IMP or placebo according to the participant’s group allocation. The researcher would obtain the bottle from pharmacy but had no way of knowing the treatment it contained.

Participants remained in their allocated treatment arm throughout their time in the study. This was the case even if they discontinue taking the IMP/placebo. 

[bookmark: _Toc70333717]Blinding
Blinded members of staff included all research team members at site level including chief investigator (CI), principal investigator (PI), researchers conducting participant follow-ups and trial statisticians. 

A 24h emergency unblinding service was provided by ESMS Global Ltd (London, UK). Each participant was provided a card with the emergency number and their participant identification number. Unblinding information was to be provided only to clinical staff when treating the participant. Throughout the trial, no emergency unblinding occurred. 


[bookmark: _Toc70333718]Changes made to the protocol 
 
The following table includes the amendments made to the protocol from the start of trial.

Table 2. Substantial amendments made to the trial protocol
	Substantial Amendment number and date
	Changes made

	1 – 28/05/2015
	Addition of Sun Exposure Questionnaire, Fitzpatrick Skin Type, IPAQ, vitamin D food questionnaire. NOS-DUP. DNA sample collection clarification. Informed consent can be obtained by nurses. 

	2 – 24/08/2015
	Addition of SIMPAQ questionnaire for baseline and Month 6 time points, and PANSS at Month 3.

	4 – 07/07/2016
	Definition of First Episode Psychosis (FEP) changed from “within 6 months of presenting to services” to “within 3 years of presenting to services”. Impact to inclusion criteria. 

	7 – 02/12/2016
	Vitamin D supplement of 400 IU/day was allowed in both treatment arms. 

	8 – 02/06/2017
	Inclusion age increased from 45 to 65 years. Removal of concomitant anticonvulsant therapy from exclusion criteria. Study length reduced from 12 months to 6 months. Change in SAE reporting so that hospitalisations for worsening of mental health symptoms would be recorded as SAEs but not reportable to Sponsor. Blood HCG sample was permitting for pregnancy testing if urine sample could not be provided. Definition of visit window was defined as -2/+2 weeks and 21 days in between doses. 

	9 – 23/08/2017
	Exclusion criteria regarding anaemia, sickle cell anaemia and thalassemia was removed. 

	13 – 06/06/2018
	Time between doses increased to 24 days. Clarification of window for collection of final assessment -4/+6 weeks from Month 6 anchor date. Pregnancy test not required if medically sterile or post-menopause. Vitamin D levels will be sent to GP at the end of the study. 

	16 – 06/02/2019
	Removed RNA collection from blood samples list. Clarification that AEs were collected until 28-days after the last dose of IMP (if no dose at last visit then no follow-up is needed)





[bookmark: _Toc70333719]Number of patients (planned and analysed) 
[bookmark: _Toc70333720]Planned
Recruitment was planned for a sample size of 240, or 120 per arm.

[bookmark: _Toc70333721]Analysed
Information about the number of participants part of the analysis can be found in the CONSORT diagram (Figure 1).  In total, 149 participants were randomised into the vitamin D arm (n = 75) and into the placebo arm (n = 74).
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Figure 1. DFEND CONSORT diagram
Table 3. Reasons for participant withdrawal from the study
	Reason
	Placebo
	Vitamin D
	Total

	Participant no longer wishes to take part
	11 (52.4%)
	 7 (29.2%)
	18 (40.0%)

	Moving out of area
	 3 (14.3%)
	 3 (12.5%)
	 6 (13.3%)

	Uncontactable 
	 6 (28.6%)
	10 (41.7%)
	16 (35.6%)

	Other, please specify
Placebo arm: Found not eligible post-randomisation (n = 1)
Vitamin D arm: withdrawn from IMP by PI (n = 1), 
found not eligible post-randomisation (n = 1), 
transferred back to prison from forensic service (n = 2)
	 1 (4.8%)
	 4 (16.7%)
	 5 (11.1%)




[bookmark: _Toc70333722]Diagnosis and main criteria for inclusion

The target patient group were individuals presenting to health services within three years of their first episode of psychosis (FEP). Participants were recruited from community early intervention services, and hospital in-patient wards. Specific eligibility and exclusion criteria were as follows:
[bookmark: _Toc70333723]Inclusion Criteria 
1) Aged between 18-65 years old including women of child-bearing age
2) Having a diagnosis of functional psychosis FEP defined according to ICD-10 criteria for psychosis (codes F20-29 and F30-33)
3) Willing to agree to refrain from taking multivitamin or non-study vitamin D supplements that exceed 400 IU/day throughout the study
4) Willing to give a blood vitamin D sample at baseline 
5) Patients who are able and have given written informed consent
[bookmark: _Toc70333724]Exclusion Criteria
1) Known intolerance of vitamin D2 or D3 or known allergy to any of the trial medications
2) Currently taking vitamin D supplements at a dose exceeding 400 IU/day
3) Having taken cardiac glycosides; calcium channel blockers; or oral, intramuscular, or intravenous corticosteroids; bendro-flumethiazide; isoniazid; or rifampicin in the past one-month
4) Known active tuberculosis, sarcoidosis, hypo or hyperparathyroidism, past or present nephrolithiasis (renal stones), suspected or diagnosed hepatic or renal dysfunction, any malignancy other than non-melanoma skin cancer not in remission for ≥ 3 years, calcium disorders
5) Baseline corrected serum calcium > 2.6 mmol/L
6) Patients with known history of hypercalcaemia
7) Pregnant or breast-feeding women and women planning a pregnancy
8) Patients lacking the capacity to provide written informed consent
9) Those who do not have sufficient English to complete the core assessments with the available assistance


[bookmark: _Toc70333725]Test product and placebo, dose and mode of administration

[bookmark: _Toc70333726]Baseline therapy
Treatment as usual was the baseline therapy. This was determined by the participant’s own consultant and treatment team. 

[bookmark: _Toc70333727]IMP 
The IMP was given orally as a 6 mL dose of liquid, via a syringe. This corresponded to 120,000 IU of vitamin D3. Placebo was administered the same way. 



[bookmark: _Toc70333728]Duration of treatment and compliance
[bookmark: _Toc70333729]Duration of treatment
Treatment consisted of 1 dose per month, for 6 months, for a total of 6 doses. 

Table 4. Average time length of participation in the study between study timepoints
	Variable
	N
	Mean (SD)
	Median (IQR) [range]

	Time between consent and randomisation (days)
	149
	6.5 (5.8)
	5 (8) [0-37]

	Time between randomisation and commencement of treatment (days)
	131
	11.7 (12.4)
	7 (11) [0-65]

	Time between randomisation and 3-month FU (weeks)
	100
	11 (2.4)
	10.3 (2.9) [7.3-17.9]

	Time between randomisation and six-month FU (weeks)
	103
	24.8 (3.8)
	24.1 (2.7) [19.1-47.1]




[bookmark: _Toc70333730]Treatment compliance
Treatment completion is defined as having received at least 3 doses up to the 6-month visit. Based on this criterion about 69% completed the treatment that was offered. When relaxing the criterion to having received at least a single dose then 90% would be considered to be treated.  
Table 5. Compliance to treatment
	
	
	Placebo 
(n = 75)
	Vitamin D
 (n = 74)
	Total

	Completed treatment (min. 3 doses), n (%)
	No
	24 (32.0%)
	23 (31.1%)
	47 (31.5%)

	
	Yes
	51 (68.0%)
	51 (68.9%)
	102 (68.5%)

	Received at least one dose, n (%)
	No
	9 (12.0%)
	6 (8.1%)
	15 (10.1%)

	
	Yes
	66 (88.0%)
	68 (91.9%)
	134 (89.9%)

	Number of doses received, mean (SD)
	
	3.25 (1.77)
	3.31 (1.73)
	




[bookmark: _Toc70333731]Criteria for evaluation: Efficacy and Safety Endpoints
[bookmark: _Toc70333732]Efficacy
[bookmark: _Toc70333733]Primary Endpoint
Total PANSS score at 6-month follow-up.

[bookmark: _Toc70333734]Secondary Efficacy Parameters 
· Total PANSS score at 3 months
· PANSS Positive Scale subscore at 3 and 6 months
· PANSS Negative Scale subscore at 3 and 6 months
· PANSS General Psychopathology Scale subscore at 3 and 6 months
· Global Assessment of Function (GAF) at 6 months
· Calgary Depression Scale (CDS) at 6 months
· Waist circumference (cm) at 6 months
· BMI (kg/m2) at 6 months
· HbA1c (mmol/mol) at 6 months
· Total Cholesterol (mmol/L) at 6 months
· CRP (mg/L) at 6 months
· 25(OH)D Concentrations at 6 months

All primary and secondary outcomes were analysed in (a) all participants and (b) in participants with suboptimal vitamin D concentrations at baseline (except for the secondary outcome of 25(OH)D concentrations which we will examine in all participants only). In this report, we present the outcomes of the full sample. 
[bookmark: _Toc70333735]Safety
[bookmark: _Toc70333736]Safety Parameters 
Any adverse event that occurs between the time of consent to the study through to 28 days following their last dose was recorded, either during a monthly visit or via a telephone conversation with the participant. Should a participant not receive the IMP dose during final assessment, for example if outside of the dosing window, a follow-up telephone call was not needed. If a participant withdrew from the trial, AEs were be recorded up to 28-days after their last dose. Every reasonable effort was made to contact the participant for their 28-day post-last dose telephone call to record any AEs. The PIs or study doctors assessed whether the adverse event may be related to the subject’s participation in the study.
Particular attention was be paid to symptoms of hypercalcemia which are: loss of appetite, nausea, vomiting, constipation, abdominal pain, increased thirst, frequent urination, fatigue, weakness, and muscle pain.

[bookmark: _Toc70333737]Specific Safety Endpoints
In addition, the following assessments were used to determine subject safety during the study at baseline and 3 months:
1. Corrected serum calcium (Ca2+ levels or "bone screen") was performed at baseline, at Month 3 and more frequently if nausea and/or vomiting occurred. Corrected calcium levels below 2.6 mmol/L ensured progress throughout the trial. Any participant with corrected calcium above the 2.6 mmol/L threshold at baseline was unable to take part in the trial. For participants with levels above 2.6 mmol/L during the trial, including the Month 3 visit, an extra blood test was performed, see item 2. 
2. If corrected calcium was above 2.6 mmol/L, a parathyroid hormone test (PTH) was performed on the same blood sample. If the PTH levels were normal, the participant could continue with the trial. However, no levels above 2.6 mmol/L were observed in participants throughout the trial.
3. If participants report nausea and vomiting between visits, they were advised to contact their doctor for a calcium blood test. This blood test could also be done at the monthly visits if participants reported symptoms related to hypercalcemia. 
4. A urine dipstick pregnancy test (beta-HCG) was done for all females at baseline and all monthly visits prior to administering the trial treatment. Female participants of child-bearing age refusing a pregnancy test at baseline could not be enrolled in the trial. Pregnancy tests were not done for female participants who were permanently sterile or who were post-menopausal (no menses for 12 months without an alternative medical cause). If the urine test were positive, the participant would be withdrawn from the trial medication but encouraged to remain in the study. In the event that it was not possible to obtain a urine sample, a blood HCG sample could be obtained and tested. No dose of IMP was administered to female participants without first checking pregnancy status (except for patients who were permanently sterile or post-menopausal, as described above).


[bookmark: _Toc70333738]Statistical Methods 
[bookmark: _Toc70333739]Analysis of Efficacy Variables
The primary analyses of efficacy used intention-to-treat methodology, using all available follow-up data from all randomised participants. The significance level was set at 5% (2-sided) for all specified main and secondary analyses with estimates and confidence intervals presented for all effects. 

The main objective of the formal statistical analyses was to assess the effect of vitamin D supplementation on the primary outcome, PANSS total score at the 6-month follow-up. Originally as per the Statistical Analysis Plan (SAP), linear mixed (LMM) modelling was to be employed. LMM analyses are based on maximum likelihood and provided valid inferences under a missing at random (MAR) missingness mechanism. Missingness was explored for the DFEND dataset. Compliance to the intervention/placebo was found to be a predictor of outcome missingness in the primary outcome (χ2=73.66, p<0.001). As compliance is a post-treatment variable and as such cannot be conditioned upon, we used multiple imputation as outlined in the SAP. As described below this means linear regression models were used rather than linear mixed modelling.

The multiple imputation procedure involved first identifying predictors of missingness of PANSS at 6 months. This was done using stepwise (backwards-selection) logistic regression and the following variables were considered: trial arm, age, gender, ethnicity, site, baseline BMI, baseline smoking status, baseline PANSS, baseline CDS score, baseline GAF disability score, baseline GAF symptoms score and compliance to the intervention (parameterised as number of doses taken of the intervention or placebo). These variables covered the main demographic variables (defined in the SAP and described in this report) and all baseline values of the outcome variables that also had few or no missing values.

In this stepwise model, all variables were included and, in each step, the variable with the largest p-value was removed from the model until all remaining variables predicted missingness at a liberal significance level of p<0.10. In this procedure, age and compliance were found to be predictors of missingness.

Multiple imputation was performed using the mi command in Stata 15.1 with sequential imputation using chained equations (MICE).32 We constructed an imputation model for each primary and secondary outcome to impute missing values in the respective response and explanatory variables. These imputation models included all the variables from the respective analysis model (including trial arm, ethnicity vitamin D insufficiency and interaction between trial arm and vitamin D insufficiency [for subgroup analyses] and baseline value of outcome) as well as age and compliance (number of doses taken). 100 imputations were used for each outcome.

Baseline vitamin D insufficiency and an interaction between trial arm and vitamin D insufficiency were included in the imputation models to allow treatment effects to vary with vitamin D insufficiency status for the estimation of the baseline vitamin D insufficient subpopulation treatment effect. These terms had to be imputed themselves as there were 7 missing values of vitamin D insufficiency status at baseline. The interaction term was included as “just another variable” in the imputation models rather than insisting on consistency between imputed values for the interaction term and the vitamin D insufficiency variable. This has been shown to be a reasonable approach when there are only a few missing values.33 Values for baseline vitamin D insufficiency and the interaction were imputed using predictive mean matching with k=10 nearest neighbours as using logistic regression models to impute both variables led to perfect prediction and models did not converge.

For consistency we used the same set of imputation models but different analysis models to estimate treatment effects in the original target population and to estimate treatment effects in the subpopulation of vitamin D deficient patients. We first describe the former, and then explain how these analysis models were extended to estimate treatment effects in the subpopulation of deficient trial participants.    

To estimate treatment effects in the whole target population we used separate imputation models for each outcome except for PANSS total and PANSS subscores at 3 and 6 months which were related variables and for the two GAF scores at 6 months which are also related concepts. For PANSS a single imputation model was used to impute the six subscores at 3 and 6 months, and then the PANSS total was derived from these scores. This imputation model included baseline PANSS total as well as baseline PANSS subscores as predictors in addition to the above. Similarly, a single imputation model was used to impute the two GAF scores (Symptoms and Disability) with both baseline scores (Symptoms and Disability) included as predictors in the model.

For each outcome, the analysis model used was a linear regression with treatment arm, baseline outcome and ethnicity (randomisation stratifier) as covariates. As mentioned above, the imputation models contained all the variables of the analysis model(s) as well as missingness predictors age and compliance. All the variables that needed imputing were continuous variables, principally the outcome variables and baseline covariates for some of the outcomes. To impute values for these variables, regression models were used unless they produced unrealistic imputations. When using linear regression as the imputation model, a substantial number of imputed values for PANSS subscores tended to be outside the range of valid values, and the same issue arose for the CDS and vitamin D variables. Therefore, these variables were imputed using the alternative approach “predictive mean matching” with imputed values drawn from the 10 “nearest neighbours” (as recommended by Morris, et al.,2014)34 to ensure that imputed values lay within the permissible range. Finally, analysis models were run for each imputed dataset and estimates combined using Rubin’s rules (as performed by the mi estimate command).35

For the vitamin D subgroup analyses, the analysis model was expanded to include baseline vitamin D status and the interaction product term as extra explanatory variables; with the chosen coding ensuring that the regression coefficient of trial arm represented the treatment effect within the subpopulation of vitamin D insufficient FEP patients. 

For the month 6 vitamin D blood concentration outcome, the imputation model did not include baseline vitamin D insufficiency or the interaction as the imputation model already included baseline vitamin D blood concentration as it features as a covariate in the analysis model. An exploratory analysis (not specified in the SAP) was added for the vitamin D insufficient subgroup for this outcome; the imputation model for this analysis featured baseline vitamin D insufficiency and the interaction with trial arm, but not baseline vitamin D blood concentration. The analysis model for this analysis used baseline vitamin D insufficiency (and the interaction) as covariates and not baseline vitamin D blood concentration.

[bookmark: _Toc70333740]Analysis of Safety Variables
Adverse events and serious adverse events were reported by trial arm. 

[bookmark: _Toc70333741]Results: demographics, safety, and efficacy endpoints
[bookmark: _Toc70333742]Recruitment setting
Table 6. Recruitment from type of service
	Setting
	Placebo
	Vitamin D
	Total

	Community service
	62 (82.7%)
	61 (82.4%)
	123 (82.6%)

	Hospital (inpatient)
	13 (17.3%)
	13 (17.6%)
	26 (17.5%)







[bookmark: _Toc70333743]Demographic and baseline data
The following tables summarise the demographics of the study population. Age appears relatively balanced by trial arm and within the range 18-65 as per inclusion/exclusion criteria of most recent protocol version.
Table 7. Age of the study population
	Trial Arm
	N
	Mean (SD)
	Median (LQ-UQ)
	Range

	Placebo
	75
	28.39 (8.39)
	25.59 (22.18-32.59)
	18.25-60.40

	Vitamin D 
	74
	27.76 (8.74)
	24.56 (21.89-29.87)
	18.89-53.02

	Total
	149
	28.08 (8.54)
	25.15 (21.97-32.49)
	18.25-60.40



There appears to be some imbalance by gender between trial arms. Gender was not a stratifier though and this imbalance is not so extreme as to suggest randomisation did not work as intended.

Table 8. Gender of the study population
	Gender n (%)
	Placebo
	Vitamin D
	Total

	Male
	38 (50.7%)
	51 (68.9%)
	89 (59.7%)

	Female
	37 (49.3%)
	23 (31.1%)
	60 (40.3%)



Ethnicity was balanced across trial arms due to this variable being a randomisation stratifier.

Table 9. Ethnicity of the study population
	Ethnicity n (%)
	Placebo
	Vitamin D
	Total

	White (British, Irish, Other)
	42 (56.0%)
	42 (56.8%)
	84 (56.4%)

	Other
	33 (44.0%)
	32 (43.2%)
	65 (43.6%)




[bookmark: _Toc70333744]Baseline values of efficacy endpoints (primary and secondary outcomes)
Table 10. Baseline mental health scales by trial arm
	Variable
	Placebo
	Vitamin D

	
	N
	Mean (SD)
	Range
	N
	Mean (SD)
	Range

	Baseline CDS score
	74
	5.95 (5.24)
	0.00-22.00
	73
	5.37 (5.26)
	0.00-21.00

	Baseline GAF Disability score
	75
	62.59 (16.87)
	20.00-90.00
	74
	62.28 (14.52)
	30.00-90.00

	Baseline GAF Symptom score
	75
	62.77 (16.27)
	21.00-100.00
	74
	61.51 (14.51)
	21.00-90.00

	Baseline PANSS General Psychopathology sub-score
	75
	29.60 (7.60)
	17.00-49.00
	74
	28.97 (6.61)
	17.00-48.00

	Baseline PANSS Negative symptoms score
	75
	12.56 (5.05)
	7.00-28.00
	74
	12.72 (4.31)
	7.00-28.00

	Baseline PANSS Positive symptoms score
	75
	15.12 (5.26)
	7.00-28.00
	74
	14.81 (5.07)
	7.00-29.00

	Baseline PANSS total score
	75
	57.28 (14.27)
	32.00-87.00
	74
	56.50 (12.38)
	31.00-88.00


These measures assess baseline mental health status and form the trial outcomes at the 6-month follow-up timepoint (and 3-month follow up for PANSS scores) and feature as covariates in the relevant analysis models. 
Calgary Depression Scale (CDS) is a nine-item scale that assesses the level of depression, higher scores being worse. Scores are attributed by the researcher following an interview with the participant. There was one missing value in each of the trial arms.
The GAF (Global Assessment of Functioning) has two scores (Disability and Symptoms) rated by a study researcher on a patient’s functioning, scores range from 100 to 1 with lower scores being worse. There were no missing values for the baseline GAF scores.
The Positive and Negative Syndrome Scale (PANSS) measures symptom severity of psychosis, with subscales measuring positive symptoms, negative symptoms and generally psychopathology. Lower scores indicate less severe symptoms, and better clinical outcome. There were no missing values for the baseline PANSS total score or subscores.

Table 11. Baseline values of secondary clinical outcome measures
	Variable
	Placebo
	Vitamin D

	
	N
	Mean (SD)
	Range
	N
	Mean (SD)
	Range

	BMI (kg/m2)
	75
	26.44 (5.97)
	15.62-41.60
	73
	25.94 (4.65)
	17.72-37.72

	Waist Circumference (cm)
	71
	90.57 (15.12)
	59.00-135.00
	69
	91.55 (13.95)
	69.00-138.00

	HbA1c (mmol/mol)
	64
	35.04 (4.66)
	28.00-55.00
	70
	35.87 (4.60)
	28.00-60.00

	Total Cholesterol (mmol/L)
	70
	4.80 (1.12)
	3.20-8.20
	72
	4.83 (1.26)
	2.50-10.20

	C-Reactive Protein (mg/L)
	64
	1.91 (2.01)
	0.50-8.60
	62
	1.99 (3.34)
	0.50-19.00

	Vitamin D levels (nmol/mol)
	71
	39.77 (27.97)
	0.00-151.00
	71
	35.70 (28.01)
	7.00-160.00



Table 12. Baseline Vitamin D insufficiency (<50 nmol/mol)
	Vitamin D sufficiency status
	Placebo
	Vitamin D supplement
	Total

	≥ 50 nmol/mol
	21 (29.6%)
	15 (21.1%)
	36 (25.4%)

	<50 nmol/mol
	50 (70.4%)
	56 (78.9%)
	106 (74.6%)


Baseline blood levels of vitamin D appear relatively balanced between arms. 106 randomised participants were vitamin D insufficient at baseline.

[bookmark: _Toc70333745]Primary and secondary outcomes at Month 3 and Month 6 follow-up
Table 13. Primary and secondary outcomes at Month 3 and Month 6 time points
	Variable
	Placebo
	Vitamin D

	
	N
	Mean (SD)
	N
	Mean (SD)

	   Primary outcome

	Month 6 PANSS total score
	53
	53.04 (14.16)
	50
	55.88 (17.46)

	
   Secondary outcomes

	Month 3 PANSS Positive symptoms score
	48
	13.80 (5.36)
	52
	14.34 (6.77)

	Month 3 PANSS Negative symptoms score
	48
	11.48 (4.63)
	52
	10.44 (3.66)

	Month 3 PANSS General Psychopathology score
	48
	28.71 (7.86)
	52
	25.79 (7.18)

	Month 3 PANSS total score
	48
	53.99 (14.55)
	52
	50.57 (14.65)

	Month 6 PANSS Positive symptoms score
	53
	13.64 (5.05)
	50
	14.84 (6.31)

	Month 6 PANSS Negative symptoms score
	53
	10.87 (4.07)
	50
	11.58 (5.19)

	Month 6 PANSS General Psychopathology score
	53
	28.53 (7.85)
	50
	29.46 (9.55)

	Month 6 GAF Disability score
	53
	65.85 (15.81)
	50
	67.62 (14.98)

	Month 6 GAF Symptom score
	53
	66.98 (13.60)
	50
	68.14 (14.34)

	Month 6 CDS score
	53
	5.40 (4.97)
	50
	4.44 (4.57)

	Month 6 Waist Circumference (cm)
	47
	93.60 (17.01)
	46
	94.35 (17.11)

	Month 6 BMI (kg/m2)
	50
	27.32 (6.41)
	47
	26.68 (5.44)

	Month 6 HbA1c mmol/mol
	44
	35.23 (5.88)
	36
	35.26 (4.59)

	Month 6 Total Cholesterol
	49
	4.84 (1.30)
	43
	4.75 (1.09)

	Month 6 C-Reactive Protein (mg/L)
	41
	2.61 (2.97)
	34
	2.73 (3.76)

	Month 6 Vitamin D blood levels (nmol/mol)
	50
	39.66 (21.97)
	42
	82.29 (38.45)



[bookmark: _Toc70333746]Outcome results
Table 14. Primary and secondary outcomes results summary
	
	Month 3
	Month 6

	Outcome*
	Mean Difference
(VitD – placebo)
	SE
	Lower 95% CI
	Upper 95% CI
	p-value
	Mean Difference / Odds Ratio**
	SE
	Lower 95% CI
	Upper 95% CI
	p-value

	PANSS Total
	-2.428
	2.294
	-6.981
	2.125
	0.293
	3.570
	2.362
	-1.110
	8.250
	0.134

	PANSS Positive subscale
	-0.981
	0.629
	-2.230
	0.269
	0.122
	0.647
	0.676
	-0.693
	1.987
	0.341

	PANSS Negative subscale
	0.680
	1.045
	-1.396
	2.756
	0.517
	1.563
	0.944
	-0.309
	3.435
	0.101

	PANSS General Psychopathology subscale
	-2.086
	1.144
	-4.357
	0.184
	0.071
	1.314
	1.380
	-1.422
	4.049
	0.343

	GAF Symptoms score
	N/A
	0.016
	2.476
	-4.902
	4.935
	0.995

	GAF Disability score
	N/A
	-0.009
	2.637
	-5.248
	5.229
	0.997

	Calgary Depression Scale
	N/A
	-0.393
	0.832
	-2.045
	1.260
	0.638

	Waist (cm)
	N/A
	-0.721
	1.763
	-4.227
	2.785
	0.684

	BMI (kg/m2)
	N/A
	0.302
	0.470
	-0.632
	1.237
	0.522

	Total Cholesterol (mmol/L)
	N/A
	-0.031
	0.212
	-0.454
	0.391
	0.883

	HBA1c (mmol/mol)
	N/A
	-0.750
	0.738
	-2.228
	0.729
	0.314

	Vitamin D blood levels (Total 25-D nmol/L)
	N/A
	39.982
	6.168
	27.700
	52.265
	<0.001

	CRP (> 3 mg/L)
	N/A
	0.618**
	0.648
	0.173
	2.206
	0.458


** All treatment effect estimates are mean differences apart from for the CRP outcome, for which it is an odds ratio.
The above table shows no strong evidence of a mean difference between arms for any of the outcomes except for vitamin D blood levels. For the primary outcome, the estimated effect is in favour of placebo at six months (as higher PANSS scores are worse), but in favour of vitamin D at three months. This contradictory pattern gives further weight to the interpretation of no evidence of a treatment effect.
There was strong evidence that vitamin D blood levels (Total 25-D nmol/L) were higher in the vitamin D group than in the placebo group by an estimated mean of 38.7 (95%CI 26.2 – 51.1) nmol/L. This suggests that the intervention was successful in increasing the levels of vitamin D in the blood.

[bookmark: _Toc70333747]Subgroup analysis of participants with insufficient vitamin D levels
Participants were considered vitamin D insufficient for this subgroup analysis if their blood concentration of vitamin D was under 50 nmol/L (measured as total 25-D nmol/L) at baseline. This was met by 106 patients out of 142 patients (74.6%). 7 participants had missing values for vitamin D (Total 25-D nmol/L) blood concentration.

Table 15. Subgroup analysis of participants with insufficient vitamin D at baseline
	
	Month 3
	Month 6

	Outcome
	Mean Difference
(VitD – placebo)
	SE
	Lower 95% CI
	Upper 95% CI
	p-value
	Mean Difference / Odds Ratio**
	SE
	Lower 95% CI
	Upper 95% CI
	p-value

	PANSS Total
	-2.568
	2.699
	-7.929
	2.793
	0.344
	3.209
	2.734
	-2.213
	8.631
	0.243

	PANSS Positive subscale
	-1.101
	0.731
	-2.553
	0.351
	0.136
	0.367
	0.791
	-1.202
	1.935
	0.644

	PANSS Negative subscale
	0.918
	1.205
	-1.477
	3.313
	0.448
	1.633
	1.093
	-0.538
	3.805
	0.139

	PANSS General Psychopathology subscale
	-2.370
	1.354
	-5.060
	0.320
	0.083
	1.196
	1.610
	-1.997
	4.389
	0.459

	GAF Symptoms score
	N/A
	0.449
	2.914
	-5.343
	6.241
	0.878

	GAF Disability score
	N/A
	1.131
	3.110
	-5.053
	7.315
	0.717

	Calgary Depression Scale
	N/A
	-0.554
	0.986
	-2.515
	1.406
	0.575

	Waist (cm)
	N/A
	-2.126
	2.116
	-6.343
	2.091
	0.318

	BMI (kg/m2)
	N/A
	0.010
	0.548
	-1.082
	1.102
	0.985

	Total Cholesterol (mmol/L)
	N/A
	0.068
	0.242
	-0.416
	0.552
	0.780

	HBA1c (mmol/mol)
	N/A
	-0.580
	0.873
	-2.329
	1.169
	0.509

	CRP (> 3 mg/L)
	N/A
	0.278**
	0.877
	0.050
	1.557
	0.145


** indicates the result is presented as an odds ratio. 

The results of the subgroup analysis show a similar picture to the overall results, with no evidence in any of the outcomes of a difference between the placebo and vitamin D groups. For the primary outcome, the effect is still in favour of placebo at 6 months but in favour of vitamin D at 3 months with very little difference in the magnitude of the effect. There was nothing to suggest overall of any increased effect on outcomes of giving vitamin D to vitamin D insufficient participants.
For the HBA1c and CRP outcomes, it should be noted that there were greater than 40% missingness in the outcomes at the Month 6 timepoint, this is relatively large and as such the results are sensitive to the assumptions about the missing data (the variables included as predictors of missingness in the imputation models), we are making in the multiple imputation approach.

[bookmark: _Toc70333748]Safety results
Overall, 66 patients (44%) patients experienced at least one AE with a total of 119 AEs reported. The proportion of all trial participants that experienced at least one SAE was 12% (n=18). Safety results for the DFEND study are summarised in the tables below.
 
Table 16. Adverse events by trial arm
	Trial Arm
	Total AEs
	Number of participants
	Percentage of pts
	Mean number of AEs per participant

	Placebo
	62
	37
	49.3%
	0.83

	Vitamin D 
	57
	29
	39.2%
	0.77




Table 17. Total number of adverse events by body system code and trial arm
	Body System Code
	Placebo
	Vitamin D
	Total

	1. Cardiovascular
	 2 (50.0%)
	 2 (50.0%)
	 4 (3.4%)

	2. Respiratory
	 4 (23.5%)
	13 (76.5%)
	17 (14.3%)

	3. Hepatic
	 1 (100.0%)
	0 (0.0%)
	 1 (0.8%)

	4. Gastro-intestinal
	11 (44.0%)
	14 (56.0%)
	25 (21.0%)

	5. Genito-urinary
	 3 (75.0%)
	 1 (25.0%)
	 4 (3.4%)

	6. Endocrine
	NA (-)
	 2 (100.0%)
	 2 (1.7%)

	7. Hematological
	 1 (100.0%)
	0 (0.0%)
	 1 (0.8%)

	8. Musculo-skeletal
	 5 (62.5%)
	 3 (37.5%)
	 8 (6.7%)

	10. Neurological
	 3 (75.0%)
	 1 (25.0%)
	 4 (3.4%)

	11. Psychological
	21 (61.8%)
	13 (38.2%)
	34 (28.6%)

	12. Immunological
	 1 (100.0%)
	0 (0.0%)
	 1 (0.8%)

	13. Dermatological
	 1 (50.0%)
	 1 (50.0%)
	 2 (1.7%)

	15. Eyes, ear, nose, throat
	 2 (100.0%)
	0 (0.0%)
	 2 (1.7%)

	17.  Other (please specify)
	 7 (50.0%)
	 7 (50.0%)
	14 (11.8%)



	
Incidence of adverse drug reactions (ADRs): 6/119 AEs (5%) were assessed as related to at least one study drug and 5/149 patients (3%) experienced an ADR. There were no Serious Adverse Reactions (SARs), no unexpected SARs and no SUSARs.

Table 18. Number of adverse drug reactions by trial arm
	Trial Arm
	Total ADRs
	Number of participants 
	Percentage of pts 
	Mean number of ADRs per participant

	Placebo
	4
	3
	4.0%
	0.05

	Vitamin D 
	2
	2
	2.7%
	0.03




Table 19. List of adverse drug reactions
	Participant Number
	ADR Description
	Trial Arm
	Related to study treatment?

	1
	DIARRHOEA AFTER LAST DOSE
	Vitamin D 
	3. Possible

	2
	RAW STOMACHACHE 1 HOUR AFTER DOSE LASTING FOR 1 HOUR
	Placebo
	3. Possible

	3
	WORSENING OF PERSECUTORY DELUSIONS (ADMITTED AS AN INPATIENT)
	Placebo
	3. Possible

	3
	WORSENING OF PERSECUTORY DELUSIONS - HTT SUPPORT REQUIRED
	Placebo
	3. Possible

	4
	NAUSEA
	Vitamin D 
	3. Possible

	5
	NAUSEA
	Placebo
	3. Possible


Note: “Participant Number” is a dummy identifier used to show where multiple AEs occurred for the same participant.

Table 20. Number of Serious Adverse Events by trial arm
	Trial Arm
	Total SAEs
	Number of participants
	Percentage of pts
	Mean number of SAEs per participant

	Placebo
	13
	12
	16.0%
	0.17

	Vitamin D 
	8
	6
	8.0%
	0.11



Table 21. List of all SAEs
	Participant Number
	SAE Description
	Date started
	Related to Study treatment?
	Trial Arm

	1
	PSYCHOTIC EXACERBATION
	18/07/2016
	5. None
	Placebo

	2
	PSYCHOTIC EXACERBATION
	28/06/2016
	5. None
	Placebo

	3
	PSYCHOTIC EXACERBATION
	26/12/2016
	5. None
	Vitamin D 

	4
	PSYCHOTIC EXACERBATION (HOSPITALISATION)
	26/09/2016
	5. None
	Placebo

	4
	PSYCHOTIC EXACERBATION (HOSPITALISATION)
	04/11/2016
	5. None
	Placebo

	5
	DETERIORATION IN MENTAL HEALTH
	26/09/2016
	5. None
	Placebo

	6
	PSYCHOTIC EXACERBATION
	14/02/2017
	5. None
	Placebo

	7
	PSYCHOTIC EXACERBATION
	21/02/2017
	5. None
	Placebo

	8
	PSYCHOTIC EXACERBATION LEADING TO HOSPITAL ADMISSION.
	03/10/2017
	5. None
	Placebo

	9
	PSYCHOTIC RELAPSE - INPATIENT ADMISSION
	16/02/2018
	5. None
	Placebo

	10
	WORSENING OF PERSECUTORY DELUSIONS (ADMITTED AS AN INPATIENT)
	05/07/2018
	3. Possible
	Placebo

	11
	DETERIORATION IN MENTAL STATE LEADING TO HOSPITAL ADMISSION
	09/04/2019
	4. Remote
	Vitamin D 

	12
	OVERDOSE
	22/03/2017
	5. None
	Placebo

	13
	DEPRESSIVE EPISODE WITH FEATURES OF PSYCHOSIS
	31/08/2017
	5. None
	Vitamin D 

	14
	ATTEMPTED SUICIDE/SELF-HARM
	05/12/2017
	5. None
	Placebo

	15
	ABDOMINAL PAIN DUE TO ACID REFLUX
	04/06/2018
	5. None
	Vitamin D 

	16
	OVERDOSE
	21/08/2017
	5. None
	Placebo

	17
	VISUAL HALLUCINATIONS, PANIC - DIAGNOSED POSSIBLE RELAPSE
	23/03/2018
	5. None
	Vitamin D 

	17
	PANIC
	30/03/2018
	5. None
	Vitamin D 

	18
	OLFACTORY HALLUCINATION - SMELLS AIR FRESHENER ON STREETS
	01/07/2018
	4. Remote
	Vitamin D 

	18
	PSYCHOTIC EPISODE
	03/09/2018
	4. Remote
	Vitamin D 


Note: “Participant Number” is a dummy identifier used to show where multiple AEs occurred for the same participant.
The DMC expressed that in addition to SAEs, hypercalcaemia, hypercalciuria or renal stones would be events of interest for safety of vitamin D. No events of hypercalcaemia, hypercalciuria or renal stones were recorded.
List of Important Medical Events
An Important Medical Event (IME) is an Adverse Event that may not be immediately life-threatening or result in death or hospitalisation but may jeopardise the subject or require medical or surgical intervention to prevent one of the outcomes that would be defined as a Serious Adverse Event. Pregnancy is also included under this definition, even though not technically an adverse event (and is not included in the adverse event analysis). One pregnancy was reported prior to a dosing visit. The IME started on 26/03/2019. The participant was removed from study treatment but continued to provide outcome measures for the study. At the end of the study, it was found that the participant was in the placebo trial arm.  

[bookmark: _Toc70333749]Service contacts data
Data was collected throughout the trial on contact with mental health services. Information was recorded on hospitalisations and contacts with Home Treatment Teams. 
[bookmark: _Toc70333750]Inpatient days (all days post-randomisation)
The number of inpatient days were calculated from the Service Contacts form at baseline and at 6 months, by summing the number of inpatient days post-randomisation. Where the end date for the inpatient stay was missing, this was assumed to be the last contact with the participant (withdrawal or the last visit they attended up to Month 6). For inpatient stays that started pre-randomisation, start date was taken as date of randomisation for the purpose of calculating inpatient days post-randomisation. 

Table 22. Number of participants with inpatient admissions by trial arm
	Inpatient admission
	Placebo
	Vitamin D
	Total

	No
	56 (74.7%)
	60 (81.1%)
	116 (77.9%)

	Yes
	19 (25.3%)
	14 (18.9%)
	33 (22.2%)








Table 23. Duration of inpatient admission
	Trial Arm
	N
	Number of days 
Mean (SD)
	Number of days 
Median (LQ-UQ)
	Range

	Placebo
	19
	27.84 (31.93)
	15 (6 – 49)
	1 - 125

	Vitamin D 
	14
	33.50 (31.09)
	23.5 (8 – 48)
	2 - 94

	Total
	33
	30.24 (31.21)
	17 (7 – 48)
	1 - 125


Note: These summary statistics excludes all patients with zero days.

Table 24. Duration of hospital admission across all participants by trial arm
	Trial Arm
	N
	Number of days Mean (SD)
	Number of days 
Median (LQ-UQ)
	Range

	Placebo
	75
	7.05 (19.91)
	0 (0-1)
	0-125

	Vitamin D 
	74
	6.34 (18.62)
	0 (0-0)
	0-94

	Total
	149
	6.70 (19.22)
	0 (0-0)
	0-125


Note: These summary statistics include all randomised patients (even if had zero days inpatient stay).

[bookmark: _Toc70333751] Inpatient admissions post-randomisation 
Number of inpatient days were calculated in the same way as in Section 1, except any stays starting before randomisation were excluded and counted as 0 days. Any patient recruited in an inpatient setting is not included in the table below. This analysis is to document any new hospital admissions occurring during participation in the trial.

     Table 25. Number of participants with new hospital admissions during trial
	Inpatient admission
	Placebo
	Vitamin D
	Total

	No
	63 (84.0%)
	70 (94.6%)
	133 (89.3%)

	Yes
	12 (16.0%)
	4 (5.4%)
	16 (10.7%)









Table 26. Duration of new hospital admissions during trial
	Trial Arm
	N
	Mean (SD)
	Median (LQ-UQ)
	Range

	Placebo
	12
	24.00 (20.69)
	15 (10 – 39.5)
	2 - 64

	Vitamin D 
	4
	32.00 (41.27)
	17 (5 – 59)
	2 - 92

	Total
	16
	26.00 (25.84)
	15 (7 – 39.5)
	2 - 92






Table 27. Duration of new hospital admissions during trial across all participants
	Trial Arm
	N
	Mean (SD)
	Median (LQ-UQ)
	Range

	Placebo
	75
	3.84 (11.92)
	0 (0-0)
	0-64

	Vitamin D 
	74
	1.73 (11.10)
	0 (0-0)
	0-92

	Total
	149
	2.79 (11.53)
	0 (0-0)
	0-92




[bookmark: _Toc70333752] Home Treatment Team Contacts
Number of contacts with a home treatment team (HTT) was calculated as the sum of all home treatment team contacts at home, at service base/other service setting by telephone, and by unspecified location as recorded on the Service Contacts form. All home treatment team contacts were recorded post-randomisation.

      Table 28. Number of participants with home treatment team contact
	HTT contact
	Placebo
	Vitamin D
	Total

	No
	68 (90.7%)
	69 (93.2%)
	137 (92.0%)

	Yes
	7 (9.3%)
	5 (6.8%)
	12 (8.1%)









Table 29. Number of contacts for participants with home treatment team interaction
	Trial Arm
	N
	Mean (SD)
	Median (LQ-UQ)
	Range

	Placebo
	7
	12.57 (6.27)
	14 (8 -16)
	1-20

	Vitamin D 
	5
	15.40 (5.37)
	16 (16 – 16)
	7-22

	Total
	12
	13.75 (5.83)
	16 (10.5 – 16)
	1-22




Table 30. Number of home treatment contacts across all participants by trial arm
	Trial Arm
	N
	Mean (SD)
	Median (LQ-UQ)
	Range

	Placebo
	75
	1.17 (4.09)
	0 (0-0)
	0-20

	Vitamin D 
	74
	1.04 (4.09)
	0 (0-0)
	0-22

	Total
	149
	1.11 (4.08)
	0 (0-0)
	0-22




[bookmark: _Toc70333753]Conclusion
Treatment with vitamin D increased blood vitamin D levels but had no effect on PANSS scores at the 6-month time point nor on any of the other outcome measures. Vitamin D was well tolerated in terms of the safety profile. Vitamin D insufficiency was present in 106 study participants at baseline, representing 75% of the group. Vitamin D supplementation is safe and, although this trial showed no effect on clinical outcomes, it should be considered as part of wider clinical practice for this patient group.
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Clinical Study Report Addendum 1
Title: Further description of AEs
Date: 27/05/2021
Further description of Adverse Events was required for the MHRA submission of the clinical trial report. Specifically, the body system code “eyes, ears, nose and throat” used in the DFEND trial was not an option. The available options were “eyes, ears, infection, respiratory or gastro”. In addition, the “other” category was not an option, and more detail was also provided. To address this, the data was tabulated in the following table. 

	Description of the AE in MACRO
	System code used
	If “other” (code 17) please specify. 
	
Body system to use for MHRA reporting
	Treatment allocation

	Eyes, ears, nose and throat body system code
	

	SINUSITIS
	15
	
	Respiratory
	Placebo

	CONJUNCTIVITIS (RIGHT EYE ONLY).
	15
	
	Eyes
	Placebo

	“Other” code
	
	

	FALL AFTER ATTEMPT TO GET BLOOD SAMPLE
	17
	General disorder and administration site conditions
	General disorder and administration site conditions
	Placebo

	WISDOM TOOTH REMOVED AND INFECTED
	17
	Teeth
	Dental
	Vitamin D

	RAISED ALT (74)  AND ALBUMIN (51) BLOODS RESULTS
	17
	Blood test result
	Blood test result
	Placebo

	TOOTH ACHE/INFECTION
	17
	DENTAL
	Dental
	Vitamin D

	HIGH GLUCOSE
	17
	Blood Test Result
	Blood Test Result
	Placebo

	HIGH CHOLESTEROL
	17
	Blood Test Result
	Blood Test Result
	Placebo

	HIGH TRIGLYCERIDES
	17
	Blood Test Result
	Blood Test Result
	Placebo

	TIREDNESS AFTER LAST DOSING
	17
	General Disorders & Administration site conditions
	General Disorders & Administration site conditions
	Vitamin D

	TIREDNESS AFTER LAST DOSING
	17
	General Disorders & Administration site conditions
	General Disorders & Administration site conditions
	Vitamin D

	BASELINE LOW AND LOW NEUTROPHIL
	17
	Blood Test Results
	Blood Test Results
	Placebo

	HIGH CHOLESTEROL REQUIRING TREATMENT
	17
	metabolic
	metabolic
	Vitamin D

	FATIGUE
	17
	General Disorders & Administration site conditions
	General Disorders & Administration site conditions
	Vitamin D

	LACK OF MOTIVATION
	17
	General Disorders & Administration site conditions
	General Disorders & Administration site conditions
	Vitamin D

	RESTLESS LEGS

	999
	N/A
	General disorder and administration site conditions
	Placebo
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