SUPPLEMENTARY INFORMATION

CONTENTS
Pages 2-3	eTable 1: PRISMA Checklist
Pages 4-6	eAppendix 1: Methods
Page 7		eFigure 1: Search process for meta-analyses examining non-CNS dysfunction in FEP
Page 7		eFigure 2: Search process for meta-analyses examining CNS dysfunction in FEP
Page 8		eTables 2 and 3: AMSTAR aggregate scores (CNS and non-CNS)
Page 9		eTable 4: Fail Safe N scores for CNS and non-CNS parameters 
Page 10		eFigure 3: Forest plot for CNS and non-CNS alterations in antipsychotic naïve FEP
Page 11	eFigure 4: Heat map comparing relative ES magnitudes between CNS and non-CNS systems in antipsychotic naïve FEP
Page 12		eAppendix 2: AMSTAR Checklist
Page 13-25	eAppendix 3: Studies included in meta- and Wald-analyses
Page 26-29	eAppendix 4: Proportion of patients with a DSM diagnosis of schizophrenia 
Page 30		eBox 1: Summary of strengths and weaknesses for models linking CNS and non-CNS alterations in psychosis
Page 31-33	eAppendix 5: a priori protocol
Page 34-35	References















eTable 1: PRISMA (2009) CHECKLIST
	Section/Topic
	#
	Checklist Item
	Reported on page #

	TITLE

	Title
	1
	Identify the report as a systematic review, meta-analysis, or both. 
	1

	ABSTRACT

	Structured summary
	2
	Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number
	2

	INTRODUCTION

	Rationale
	3
	Describe the rationale for the review in the context of what is already known.
	4

	Objective
	4
	Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS).
	4

	METHODS

	Protocol and registration
	5
	Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number.
	Supplementary

	Eligibility criteria
	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale.
	Supplementary

	Information sources
	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched.
	4

	Search
	8
	Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.
	Supplementary

	Study selection
	9
	State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis).
	Supplementary

	Data collection process
	10
	Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators.
	Supplementary

	Data items
	11
	List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.
	5-6

	Risk of bias in individual studies
	12
	Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis.
	n/a

	Summary measures
	13
	State the principal summary measures (e.g., risk ratio, difference in means).
	5-6

	Synthesis of results
	14
	Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-analysis.
	6-7

	Risk of bias across studies
	15
	Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies).
	6


	Additional analyses
	16
	Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified.
	6-7

	RESULTS

	Study selection
	17
	Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram.
	eFigures 1 and 2

	Study characteristics
	18
	For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations.
	Tables 1 and 2

	Risk of bias within studies
	19
	Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).
	Tables 1 and 2

	Results of individual studies
	20
	For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 
	Tables 1 and 2, Figure 1

	Synthesis of results
	21
	Present results of each meta-analysis done, including confidence intervals and measures of consistency.
	Figure 1 
and efigure 3

	Risk of bias across studies
	22
	Present results of any assessment of risk of bias across studies (see Item 15).
	Figure 1
8-10

	Additional analysis
	23
	Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).
	Figure 1B and efigure 4. 


	DISCUSSION

	Summary of evidence
	24
	Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy makers).
	14

	Limitations
	25
	Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias).
	14-16

	Conclusions
	26
	Provide a general interpretation of the results in the context of other evidence, and implications for future research. 
	16-20

	FUNDING

	Funding
	27
	Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review.
	21









eAppendix 1: methods

METHODS
For the meta-review of non-CNS dysfunction in first episode psychosis (FEP), we selected meta-analyses reporting markers of immune, cardiometabolic and HPA system differences between patient and control groups, rather than differences in rates of diagnoses of conditions based on pre-defined diagnostic criteria1-4 (e.g. rates of diagnoses of type 2 diabetes mellitus or hypercholesterolemia). The rationale behind this methodology was threefold. Firstly, patients with psychotic illness are less likely to seek medical attention and so there is the risk of under-reporting of diagnoses5. Secondly, certain conditions such as glucose and lipid dysregulation develop on a continuum and take time for serum/plasma markers to reach threshold for a diagnosis. For example, changes in glucose regulation occur 4-7 years prior to diagnosis of diabetes6. Thirdly, physiological alterations that do not meet diagnostic thresholds can, nevertheless, be associated with worsened mortality/morbidity outcomes. For example, there is robust evidence that low-grade inflammation is an independent risk factor for atherosclerosis and cardiovascular disease7. In the meta-review of CNS dysfunction in FEP, we aimed to summarise evidence for CNS alterations considered reliably implicated in FEP for comparison with the non-CNS alterations. In view of this, our search focussed on parameters identified in an expert review as key aspects of the neurobiology of schizophrenia8. These were brain structural (assessed using volumetric magnetic resonance imaging (MRI) and diffusion tensor imaging), neurophysiological (assessed using electroencephalography and functional MRI) and neurochemical (assessed using magnetic resonance spectroscopy) disturbances. This was not intended to be exhaustive, but to be representative of CNS alterations established as implicated in schizophrenia. Our search was limited to FEP, and where possible, antipsychotic naïve individuals, as with the meta-review of non-CNS alterations. 

Search Strategy 
Two systematic meta-reviews, one for CNS alterations and the other for non-CNS alterations, were performed according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)9 (Supplementary Information, eTable 1). Two reviewers (T.P. and E.D.) independently searched Pubmed from 1990 to May week 2 2017 for each systematic meta-review. For non-CNS parameters, three organ systems recognised to exhibit dysregulation in schizophrenia were focussed upon: the immune, cardiometabolic and HPA systems. As such, the following search terms were used: meta-analysis and (psychosis or schizophr*) and (immune OR inflamm* OR cytokine OR antibody OR cardiac OR metabolic OR glucose OR diabetes OR lipid OR cholesterol OR triglyceride OR antioxidant OR cortisol OR hypothalamic pituitary adrenal OR HPA OR prolactin). For CNS parameters, search terms were guided by outcomes from an expert review8 that specifies recognised neurobiological anomalies in schizophrenia. As such, the following search terms were used: meta-analysis and (psychosis or schizophr*) and (brain volume or gray matter or grey matter or VBM or white matter tract* or fMRI or BOLD or lateral* or DTI or P300 or P50 or pre-pulse or mismatch negativity or pursuit or N-acetyl aspartate or REM or phosphomonoester or dopamine or dendrite or gliosis or NMDA). 1990 was identified as an appropriate date from which to commence our searches, since few research syntheses were published prior to that year10,11. Searches were complemented by hand searching of reference lists from review articles. 

The patient inclusion and exclusion criteria for each meta-review were the same to permit comparison of the outcome measures. For non-CNS parameters, inclusion criteria were: 1) Study design: meta-analyses of observational studies comparing patient groups with a healthy control groups; 2) Patients to meet criteria for a first episode of psychosis12; 3) Peripheral measurements of biochemical or hematological disturbances in  patients and controls (e.g. serum, plasma, or saliva). Specific parameters included were as follows: immune disturbance: cytokine and lymphocyte counts; cardio-metabolic disturbance: glucose, insulin, insulin resistance, cholesterol, triglyceride and anti-oxidant levels; HPA axis disturbance: baseline (morning) cortisol, cortisol awakening response, and prolactin levels. Studies in any language were considered. Exclusion criteria were: 1) meta-analyses that included patients with multiple episodes of psychosis; 2) meta-analyses that included patients with substance or medication induced psychotic disorder; 3) meta-analyses that reported on dichotomous presence/absence of raised parameters as defined by diagnostic criteria1-4 (e.g. rates of diagnoses of type 2 diabetes mellitus).

For CNS parameters, inclusion criteria were: 1) Study design: meta-analyses of observational studies comparing patient groups with a healthy control groups; 2) Patients to meet criteria for a first episode of psychosis. Specific parameters included were as follows: structural measures (e.g. brain volume and fractional isotropy analyses); electroencephalographic measures (e.g. mismatch negativity and P300 analyses), and neurochemical parameters (e.g. N-acetyl aspartate levels). Exclusion criteria were: 1) Meta-analyses that included patients with multiple episodes of psychosis; 2) Meta-analyses that included patients with substance or medication induced psychotic disorder 3) Meta-analyses that did not provide effect sizes as a synthesis of their findings. 

Search processes for both CNS and non-CNS alterations are documented in eFigures 1 and 2 respectively. 

To statistically compare the magnitude of effect sizes between different CNS and non-CNS systems in FEP, all meta-analyses were repeated. Patient and control data from the studies referenced in the meta-analyses our search terms had identified were extracted independently by T.P. and E.D. according to the following model: author, year of publication, country, design, whether patient groups were antipsychotic naive, number of patients/controls, and mean (SD) measure of immune / cardiometabolic / HPA / brain structural / neurophsysiological / neurochemical parameter. Data were only extracted for those CNS and non-CNS parameters where there were significant differences demonstrated between FEP and controls in the original meta-analyses. A 2-tailed P < 0.05 was deemed significant for all statistical analyses. A minimum of 3 studies were required to run a meta-analysis.

Assessment of methodological quality
Methodological quality of selected meta-analyses was assessed independently by two authors (R.M. and E.D.) using the AMSTAR (‘A Measurement Tool to Assess Systematic Reviews’) checklist (eAppendix). Since T.P. and O.D. are authors of meta-analyses revealed by the search terms, they were excluded from the AMSTAR assessments to avoid bias. The AMSTAR is a tool that consists of 11 questions assessing study quality. Scores of 8 to 11 were deemed to be of high quality, 4 to 7 of medium quality, and 0 to 3 of low quality13. Meta-analyses that scored lower than 4 out of 11 were excluded, as were studies that failed to use appropriate methods to combine studies (question 9 of the AMSTAR) (eTables 2 and 3, aggregate scores documented in eTables 4 and 5). Heterogeneity scores for samples within each meta-analysis were also recorded, as assessed using the 2 test, Q or I2 statistic (eTables 2 and 3). An I2 of less than 25% was deemed to have low heterogeneity, 25-75% medium heterogeneity, and greater than 75% high heterogeneity14.   
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eFigure 1:  Search process for meta-analyses examining non-CNS disturbances in First Episode Psychosis and individuals at Clinical High Risk for psychosis.  
[image: ]
eFigure 2: Search process for meta-analyses examining CNS disturbances in First Episode Psychosis and individuals at Clinical High Risk for psychosis.




eTable 2: AMSTAR Methodological Quality results for meta-analyses examining non-CNS dysfunction in FEP/CHR individuals.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Pillinger et al., 201715
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Perry et al., 201616
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Greenhalgh et al., 201617 
	Y
	Y
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y

	Misiak et al., 201718
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Pillinger et al., 201719
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Flatow et al., 201320
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	N
	Y

	Upthegrove et al., 201421
	Y
	Y
	Y
	N
	Y
	Y
	N
	N
	Y
	N
	Y

	Goldsmith et al., 201622
	Y
	Y
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y

	Miller et al., 201123
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	N
	Y

	Fernandes et al., 201624
	Y
	Y
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y

	Miller et al., 201325
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	N
	Y

	Berger et al., 201626
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y

	Chaumette et al., 201627
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	N
	Y

	Girshkin et al., 201428
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Gonzalez-Blanco et al., 201629
	Y
	Y
	Y
	N
	Y
	N
	Y
	Y
	Y
	Y
	Y



eTable 3: AMSTAR Methodological Quality results for meta-analyses examining non-CNS dysfunction in FEP/CHR individuals.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Adriano et al., 201230
	Y
	N
	Y
	N
	Y
	Y
	N
	N
	Y
	Y
	Y

	Walter et al., 201631
	Y
	N
	Y
	N
	N
	Y
	Y
	N
	Y
	Y
	Y

	Adriano et al., 201032
	Y
	N
	Y
	N
	N
	Y
	N
	N
	Y
	Y
	Y

	Haijma et al., 201333
	Y
	N
	N
	N
	N
	Y
	N
	N
	Y
	Y
	Y

	Vita and de Peri, 200734
	Y
	N
	Y
	N
	N
	N
	N
	N
	Y
	N
	Y

	de Peri et al., 201235
	Y
	N
	Y
	N
	N
	Y
	N
	N
	Y
	Y
	Y

	Vita et al., 200636
	Y
	N
	Y
	N
	N
	Y
	N
	N
	Y
	N
	Y

	Fusar-Poli et al., 201237
	Y
	N
	Y
	N
	N
	N
	N
	N
	Y
	Y
	Y

	Erickson et al., 201638
	Y
	N
	Y
	N
	N
	N
	N
	N
	Y
	Y
	Y

	Qiu et al., 201439
	Y
	Y
	Y
	N
	Y
	Y
	Y
	N
	Y
	Y
	Y

	Chen et al., 201440
	Y
	N
	Y
	N
	N
	N
	N
	N
	N
	Y
	Y

	Haigh et al., 201741
	Y
	N
	Y
	N
	N
	N
	N
	N
	Y
	N
	Y

	Brugger et al., 201142
	Y
	N
	Y
	N
	N
	N
	N
	N
	Y
	Y
	Y


Abbreviations: N: no; Y: yes.



eTable 4: Rosenthal’s Fail Safe N scores for non-CNS and CNS parameters included in FEP final analysis
	

	Parameter
	Fail Safe N

	IMMUNE
	IL-1
	426

	
	sIL-2R
	26

	
	IL-6
	1639

	
	TNF-
	872

	
	TGF-
	37

	
	CRP
	217

	
	Lymphocyte count
	17

	CARDIO-METABOLIC
	Fasting glucose
	43

	
	Glucose post-OGTT
	56

	
	Fasting insulin
	97

	
	Insulin resistance
	76

	
	Triglycerides
	26

	
	Total cholesterol
	64

	
	LDL cholesterol
	60

	HPA
	Prolactin
	125

	
	CAR
	75

	STRUCTURAL
	Total brain volume
	268

	
	Total gray matter
	128

	
	R hippocampal volume 
	592

	
	L hippocamal volume
	663

	
	Thalamus volume
	83

	
	RCN volume
	27

	
	LCN volume
	66

	
	Total CSF
	50

	
	R lateral ventricle
	64

	
	L lateral ventricle
	111

	PHYSIOLOGICAL
	Auditory P300 amplitude
	1100

	
	Duration-deviant MMN
	450

	CHEMICAL
	Thalamus NAA 
	19

	
	Frontal cortex NAA
	359

	
	Temporal cortex NAA 
	35


















eFigure 3 Forest plot for magnitude of immune, cardiometabolic, HPA, brain structural, neurophysiological, and neurochemical alterations in antipsychotic naïve first episode psychosis compared with healthy controls. Each line represents a summary effect size for a meta-analysis in one parameter: squares represent the summary effect size for that parameter, with the horizontal line running through each square illustrating the width of the overall 95% CI. Blue diamonds represent summary effect sizes for immune, cardiometabolic, HPA, structural, neurophysiological, and neurochemical systems: the middle of each diamond represents the summary effect size, and the width of the diamond depicts the width of the overall 95% CI. Red diamonds represent summary effect sizes and accompanying 95% CI for non-CNS and CNS effect sizes. ES: effect size; CNS: central nervous system; FEP: first episode psychosis; HPA: hypothalamic pituitary adrenal axis; IL1: interleukin-1; sIL2-R: soluble interleukin-2 receptor; IL6: interleukin-6; TGF:  transforming growth factor-; CRP: C-reactive protein; NAA: N-acetylaspartic acid; N: number. 

[image: ]

eFigure 4 Figure 2: Heat map comparing relative magnitude of effect sizes (ES) for immune, hypothalamic pituitary adrenal (HPA) axis, cardiometabolic, brain structural, neurophysiological, and neurochemical alterations in antipsychotic naïve first episode psychosis. The map is read from left to right, comparing parameters on the y axis with parameters on the x axis. A negative Wald score (blue squares) demonstrates that the parameter ES on the y axis is numerically lower compared with the intersecting parameter ES on the x axis. A positive Wald score (red squares) demonstrates that the parameter ES on the y axis is numerically higher than the intersecting parameter ES on the x axis. Numbers within the squares are the P values that accompany the Wald score.
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eAppendix 2 

AMSTAR Checklist 
1. Was an 'a priori' design provided?
2. Was there duplicate study selection and data extraction?
3. Was a comprehensive literature search performed?
4. Was the status of publication (i.e. grey literature) used as an inclusion criterion?
5. Was a list of studies (included and excluded) provided?
6. Were the characteristics of the included studies provided?
7. Was the scientific quality of the included studies assessed and documented?
8. Was the scientific quality of the included studies used appropriately in formulating conclusions?
9. Were the methods used to combine the findings of studies appropriate?
10. Was the likelihood of publication bias assessed?
11. Was the conflict of interest included?
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eAppendix 4:

Proportion of sample with a DSM diagnosis of schizophrenia (non-CNS studies)
DNA: data not available; SCZ: schizophrenia 
	Author 
	Year
	%SCZ

	Nicola
	2012
	DNA

	Song
	2009
	100

	Theodoropoulou
	2001
	100

	Kim
	2000
	100

	Song 
	2013
	100

	Rapoport 
	1994
	100

	Falcone
	2015
	DNA

	Akiyama
	1999
	100

	Gataz
	1992
	100

	Sirota
	2005
	100

	Borovcanin
	2012
	DNA

	Ganguli
	1994
	100

	Ding
	2014
	100

	Kalmady
	2014
	100

	Kubistova
	2012
	100

	Kim
	2009
	100

	Kim 
	2004
	100

	Hepgul
	2012
	DNA

	Fawzi
	2011
	100

	Berardis
	2013
	83

	Masserini
	1990
	100

	Sperner Unterweger
	1999
	100

	Zhang
	2015
	100

	Petrikis
	2015
	DNA

	Ryan
	2003
	100

	Venkatasubramanian
	2007
	100

	Cohn
	2006
	100

	Spelman
	2007
	100

	Wani
	2015
	100

	Saddichha
	2008
	100

	Garcia Rizo
	2016
	41

	Enez Darcin
	2015
	100

	Sun
	2016
	100

	Fernandez Egea 
	2009
	70

	Dasgupta
	2010
	100

	Arranz
	2004
	100

	Chen, Du et al
	2016
	100

	Chen, Broqueres-You
	2016
	100

	Kirkpatrick
	2010
	DNA

	Wu
	2013
	100

	Srihari
	2013
	100

	Venkatasubramanian
	2010
	100

	Misiak
	2016
	100

	Sarandol
	2015
	DNA

	Kavzoglu
	2013
	100

	Sengupta
	2008
	42

	Verma
	2009
	DNA

	Basoglu
	2010
	100

	Aas
	2011
	DNA

	Mondelli
	2015
	DNA

	Pruessner
	2015
	DNA

	Albayrak
	2013
	100

	Angelopoulos
	2002
	100

	Rao
	1990
	100

	Shrivastava
	2000
	100

	Song
	2014
	100

	TOTAL
	
	74%




Proportion of sample with a DSM diagnosis of schizophrenia (CNS studies)
DNA: data not available; SCZ: schizophrenia

	Author 
	Year
	%SCZ

	Berge 
	2011
	DNA

	Cahn
	2002
	100

	Chua
	2007
	100

	Ebdrup
	2010
	100

	Ichimiya
	2001
	100

	John
	2009
	100

	Lacerda
	2007
	100

	Rizos
	2011
	100

	Nopoulos 
	1995
	100

	James
	1999
	100

	Fannon
	2000
	DNA

	Lawrie
	2001
	100

	Matsumoto
	2001
	100

	Chua
	2003
	100

	Premkumar
	2006
	100

	Takahashi
	2009
	70

	Rosa
	2010
	100

	Witthaus
	2010
	100

	Boonstra
	2011
	100

	Whitworth
	1998
	100

	Velakoulis
	1999
	DNA

	Davatzikos
	2005
	100

	Jayakumar
	2005
	100

	Molina 
	2005
	100

	Salgado-Pineda
	2003
	100

	Venkatasubramanian
	2008
	100

	Zipursky
	1998
	100

	Laakso
	2001
	100

	Narr male
	2004
	100

	Narr female
	2004
	100

	Molina
	2005
	100

	Szesko
	2003
	100

	Chakos 
	2005
	100

	Meisenzahl
	2009
	100

	Niemann
	2000
	100

	Razi
	1999
	100

	Smith
	2003
	100

	Sumich
	2002
	DNA

	Verma
	2009
	DNA

	Whitworth
	2005
	100

	Wood
	2001
	DNA

	Degreef 
	1992
	100

	Puri
	2001
	100

	Salokangas
	2002
	100

	Delisi
	1991
	DNA

	Salokangas
	2002
	100

	Coscia female
	2009
	100

	Coscia male
	2009
	100

	Gilbert
	2001
	100

	Crespo-Facorro
	2009
	100

	Venkatasubramanian
	2003
	100

	Glenthoj
	2007
	100

	Keshevan
	1998
	77

	Brown 
	2002
	100

	Chen 
	2010
	100

	Chen 
	2007
	100

	Demirapl 
	2002
	100

	Devrim-ucok
	2006
	100

	Korostenskaja
	2006
	DNA

	Lee
	2010
	0

	Ozgurdal
	2008
	100

	Salisbury
	1998
	100

	Umbricht
	2006
	100

	van-der Stelt
	2005
	100

	Wang
	2009
	100

	Wang
	2003
	100

	Wang 
	2010
	100

	Wang 
	2004
	100

	Oades
	2006
	100

	Hermens
	2010
	6

	Bodatsch
	2011
	100

	Kaur
	2011
	DNA

	Kaur
	2012
	DNA

	Atkinson
	2012
	DNA

	Atkinson
	2012
	DNA

	Hsieh
	2012
	DNA

	Higuchi
	2013
	100

	Higuchi
	2014
	100

	Mondragon-Maya
	2013
	DNA

	Solis-Vivanco
	2014
	DNA

	Salisbury 
	2017
	DNA

	O'Neill
	2004
	100

	Theberge
	2002
	100

	Yasukawa
	2005
	100

	Yasukawa
	2005
	100

	Bustillo
	2002
	100

	Bustillo
	2008
	100

	Cecil
	1999
	100

	Fannon
	2003
	100

	Ohrmann
	2005
	100

	Ohrmann
	2007
	100

	Ohrmann
	2008
	100

	Ohrmann
	2008
	100

	Olbrich
	2008
	100

	Stanley
	2007
	100

	Stanley
	2007
	100

	Thomas
	1998
	100

	Venkatraman
	2006
	100

	Zabala
	2007
	50

	Bartha
	1999
	100

	Basoglu
	2006
	DNA

	Bertolino
	2001
	100

	Galinska
	2009
	100

	Miyaoka
	2005
	100

	Scherk
	2008
	100

	Wood
	2008
	100

	Magno
	2008
	100

	TOTAL:
	
	84%
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eBox 1: Summary of strengths and weaknesses of the putative models linking CNS and non-CNS alterations in psychosis

	Strengths and weaknesses of the potential models linking CNS and non-CNS alterations in psychosis

	Model 1: non-CNS dysfunction impacts CNS function, increasing psychosis risk
Strengths:
· Supported by evidence of rare cases where non-CNS dysfunction leads to psychosis.
· Population based cohort studies suggest that raised inflammatory markers in childhood are risk factors for later development of psychosis. 
· Hypercortisolemia, inflammation, and oxidative stress are risk factors for conversion to FEP in the prodrome.
Weaknesses:
· Many associations between non-CNS dysfunction and psychosis have not shown evidence of causation to date. To demonstrate causality, non-CNS dysfunction needs to be addressed prior to the onset of psychosis, for example in the prodrome, and show that the development of psychosis is prevented.
· Explains rare cases but is unlikely to account for typical cases of schizophrenia where CNS alterations are thought to occur early in neurodevelopment unless non-CNS alterations occur very early in development.
Model 2: non-CNS dysfunction emerges as a consequence of psychosis
Strengths:
· Resolution of acute psychosis is associated with normalisation of previously elevated cytokines (IL-1, IL-6, and TGF-. 
· Some non-CNS alterations are not seen in the prodrome and develop later in the illness, suggesting they are a consequence of psychosis or its treatment.
Weaknesses:
· Population based studies indicate that some alterations precede psychosis.
· Reduction in levels of cytokines with the resolution of an acute psychotic episode could be part of the therapeutic action of treatment (supportive of model 1 rather than 2).
Model 3: a shared risk factor plays a role in development of psychosis and non-CNS alterations, potentially through divergent mechanisms
Strengths:
· Heterogeneity in both non-CNS and CNS findings between patients suggests divergent mechanisms underlie them.
· Lack of consistent relationships between a number of non-CNS and CNS alterations 
Weaknesses:
· Certain correlations e.g. between glucose dysregulation, insulin resistance and PANSS positive scores in FEP may point towards these non-CNS alterations being linked with the clinical expression of psychosis, suggestive of a common pathoetiological mechanism, in a least a subgroup of non-CNS alterations.  
· In general, there is a paucity of studies testing relationships between non-CNS and CNS alterations 



eAppendix 5

Protocol: 

Valid at time of literature search (week 2 May 2017)
Working title: Meta-review of CNS and non-CNS alterations in first episode psychosis
Language: English

Type of review:
Systematic review and meta-analysis

Language:
English

Details of any existing review of the same topic by the same authors:
None

Named Contact:
Dr Toby Pillinger
Department of Psychosis Studies
Institute of Psychiatry, Psychology and Neuroscience
16 de Crespigny Park
Camberwell
SE5 8AF
United Kingdom
Toby.pillinger@kcl.ac.uk

Collaborators: 

Dr Toby Pillinger (toby.pillinger@kcl.ac.uk)
Dr Enrico D’Ambrosio (enrico.dambrosio@kcl.ac.uk)
Dr Robert McCutcheon (Robert.mccutcheon@kcl.ac.uk)
Professor Oliver Howes (oliver.howes@kcl.ac.uk)
Institution:
Institute of Psychiatry, Psychology and Neuroscience, King’s College London

Funding Sources:
MRC-UK, Maudsley Charity, Brain&Behavior Research Foundation, Wellcome Trust.  

Conflicts of Interest:
Dr Howes has received investigator-initiated research funding from and/or participated in advisory/ speaker meetings organised by Astra-Zeneca, Autifony, BMS, Eli Lilly, Heptares, Janssen, Lundbeck, Lyden-Delta, Otsuka, Servier, Sunovion, Rand and Roche.  Neither Professor Howes nor his family have been employed by or have holdings/a financial stake in any biomedical company. Drs Pillinger, Beck and Stubbs report no financial relationships with commercial interests.

Review Question: 
People with schizophrenia and related psychotic disorders show abnormalities in several organ systems in addition to the central nervous system (CNS); and this contributes to excess mortality. However, it is unclear how strong the evidence is for alterations across multiple non-CNS systems at the onset of psychosis, how the alterations in non-CNS systems compare to findings in the CNS, or how they relate to symptoms. 

Searches:
Database: Pubmed
Non-CNS review search terms: meta-analysis and (psychosis or schizophr*) and (immune OR inflamm* OR cytokine OR antibody OR cardiac OR metabolic OR glucose OR diabetes OR lipid OR cholesterol OR triglyceride OR antioxidant OR cortisol OR hypothalamic pituitary adrenal OR HPA OR prolactin). 
CNS search terms: meta-analysis and (psychosis or schizophr*) and (brain volume or gray matter or grey matter or VBM or white matter tract* or fMRI or BOLD or lateral* or DTI or P300 or P50 or pre-pulse or mismatch negativity or pursuit or N-acetyl aspartate or REM or phosphomonoester or dopamine or dendrite or gliosis or NMDA). 

Condition being studied:
Alterations in immune, cardiometabolic, HPA, brain structural, neurophysiological, and neurochemical parameters. 

Participants/Population, and Comparator/Control:
First episode psychosis, healthy controls. 

Primary Outcomes:
Effect sizes of CNS and non-CNS parameter alterations in FEP compared with healthy controls
Statistical comparison of CNS and non-CNS summary effect sizes

Data Extraction:
Screening based on title and abstract will be performed independently by two authors (T.P. and E.D.). 
Data extraction from case-control studies referenced in selected meta-analyses will be performed independently (by T.P. and E.D.), and any disagreements resolved by rechecking original articles. 

Risk of Bias Assessment:
Orwin’s fail safe N

Strategy for Data Synthesis:
Effect sizes for both CNS (focusing on brain structural, neurophysiological, and neurochemical parameters) and non-CNS dysfunction (focusing on immune, cardiometabolic, and hypothalamic-pituitary-adrenal (HPA) parameters) in first episode psychosis (FEP) will be calculated using random effects meta-analyses. 
Statistical comparison of summary effect size magnitudes between the 3 CNS systems (brain structural, neurochemical, and neurophysiological) and 3 non-CNS systems (immune, cardiometabolic, and HPA) will be performed using a Wald-type test. 
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