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eMethods 1. Search terms used in the literature search

The search terms were: "cognit*" OR "neurocognit*' OR "social cognit*" AND
"psychosis risk" OR "prodrom*" OR "ultra-high risk" OR "clinical high risk" OR "genetic
high risk" OR "at risk mental state" OR "at-risk mental state" OR "basic symptoms" OR
"ultra-high risk".

eMethods 2. Types of CHR-P psychometric interviews included (modified from Fusar-
Poli et al. 2020")

The CHR-P state comprises the Clinical High Risk for Psychosis (CHR-P) state and/or
the Basic Symptoms (BS)!.

The following CHR-P psychometric interviews were considered to define the UHR state:
Comprehensive Assessment of At-Risk Mental States (CAARMS?), Structured Interview
for Psychosis-risk Syndromes (SIPS**), Basel Screening Instrument for Psychosis
(BSIP®) and Early Recognition Inventory (ERIraos®).

The following CHR-P psychometric interviews were considered to define the BS': Bonn
Scale for the Assessment of Basic Symptoms (BSABS’), Schizophrenia Proneness
Instrument® -Adult (SPI-A) and Child and Youth (SPI-CY) version.

Furthermore, we considered early operationalisations of the CHR-P state, which were
based on the Positive and Negative Syndrome Scale (PANSS®) and Brief Psychiatric
Rating Scale (BPRS!).
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eMethods 3. Neurocognitive domains considered in the current meta-analysis (7 MATRICS domains
and 8 CHR-P domains. Adapted from Fusar-Poli et al. 2012 '' and Hauser et al. 2017'2. CHR-P,
Clinical High Risk for Psychosis.

As a note, the MATRICS was not designed to be a comprehensive battery for the assessment of
cognition but rather was developed with a narrower purpose of creating a brief, highly portable and
tolerable consensus battery of neurocognitive domains most likely to be sensitive to both the most
common (or best characterized) cognitive impairments in schizophrenia spectrum disorders and to
change following targeted treatment (pharmacological or psychological). In fact, the range of
cognitive impairment in schizophrenia spectrum disorders is broader and more complex than indexed
by the MATRICS, and we should expect no less of its putative clinical high-risk states. As such, in
an effort to produce a comprehensive review of the extant literature, we endeavoured to be more
inclusive in our approach and thus included additional neurocognitive domains and tasks that have
been employed in cognitive studies of CHR-P to date and which are frequently assessed in clinical
settings. While the MATRICS represents an organizing framework, it is necessarily limited such that
any comprehensive meta-analysis requires the inclusion of a broader set of neurocognitive domains
and tests that adhere to a related but non-redundant categorizing scheme.

Neurocognitive Tasks
domains
MATRICS domains

Processing Speed

Trail Making Test-Part A (TMT-A)"

Brief Assessment of Cognition Scale Symbol Coding (BACS SC)"
Animal Fluency"’

Letter Fluency'®

Digit symbol coding test (DST)'’

Stroop color word reading (Stroop W)'®

Stroop color naming task (Stroop C)'®

Continuous Performance Test — Identical Pairs (CPT-IP)
Wechsler Memory Scale-III Spatial Span Subtest (WMS-III: SS)*!
Letter Number Span (LNS)*

Letter Number Sequencing Test (LNST)!’

Arithmetic (any WAIS)*'?

Self-Ordered Pointing Task (SOPT)*

Verbal Learning e Hopkins Verbal Learning Test—Revised (HVLT-R)***

e Rey Auditory Verbal Learning Test (RAVLT)***2¢

e California Verbal Learning Test I/IT (CVLT)***%*2-28

Visual learning e Brief Visuospatial Memory Test-Revised (BVMT-R)**?

e Wechsler Memory Scale Immediate Visual Memory (WMS VM)?!
e Rey—Osterrieth Complex Figure test Inmediate Recall (ROCF)*°

Attention/Vigilance %1920

Working Memory

Reasoning and e Neuropsychological Assessment Battery Mazes (NAB Mazes)'
Problem-Solving
Social cognition-+ e Reading the Mind in the Eyes Test (RMET) 3>
e Degraded Facial Affect Recognition (DFAR)**
Hinting *
CHR-P domains

General intelligence IQ | ¢  Wechsler Adult Intelligence Scale- 3™ edition (WAIS-IIT)*!
e Wechsler Adult Intelligence Scale-Revised (WAIS-R)*
Wechsler Intelligence Scale for Children- 3™ edition (WISC-IIT) *’
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Premorbid IQ e National Adult Reading Test (NART)*®
e MehrfachWortschaftz-Intelligenz Test-part B (MWT-B)*
Visuospatial ability e WAIS/WISC Block Design (WAIS/WISC BD)'"
Verbal memory e RAVLT Delayed Recall (RAVLT DR)*
Visual memory e ROCF Delayed Recall (ROCF DR)*
e Wechsler Memory Scale Visual Reproduction Delayed Recall (WMS VR)*!
Executive functioning |e Trail Making Test- Part B (TMT-B)"
e Wisconsin Card Sorting Test (WCST)*: categories, number of correct

responses, perseverative errors and perseverative responses
Stroop Test: Interference®'

Motor functioning

Finger Tapping Test (Tapping)**

Olfaction

University of Pennsylvania Smell Identification Test (UPSIT)*

*Social cognition encompassed: (a) emotional processing, (b) social perception and knowledge, (c) theory of mind, and (d) attributional
bias). *Mean d' across conditions; **Total Learning Trials 1-3; ***Learning Trials; **** Trials 1-5 Total Correct
Only tasks with 3 or more available studies in the dataset are listed
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eMethods 4. Extracted variables

Author, year, follow-up months, type of CHR-P psychometric instrument, type of CHR-P,
number of CHR-P baseline, number of healthy controls at baseline, age at baseline (median
and SD), range age, male sex %, years of education, white race %, antipsychotic treatment
exposure at baseline, cognition domain, the task used, results of the neurocognitive task
(mean and SD), number of CHR-P who transitioned to psychosis, follow-up time (months),
positive psychotic and negative symptoms at baseline, functioning status at baseline, and

NOS quality.

eMethods 5. Methods for pooling non-independent neurocognitive tasks

To account for studies reporting on more than one non-independent neurocognitive tasks
within the same neurocognitive domain (in the meta-analysis iv), we followed the
methodological guidelines***°. Specifically, in order to estimate the pooled effect size in
case of studies reporting more than one non-independent neurocognitive task within the
same neurocognitive domains, we assumed a correlation of 0.3 **® between the non-
independent tasks. However, to ensure that the results did not depend on this assumption,
we also conducted the meta-analysis, assuming that the correlation was either 0.1 or 0.5.
We first computed the variance of the average effect size, then we multiplied it by (1+(n.es-
1) * r)/n.es, where n.es is the number of combined effect sizes and r the correlation between

non-independent neurocognitive tasks.

eMethods 6. Meta regression factors

Meta regression factors tested in the current meta-analysis encompassed age, sex, years of
education, ethnicity, functioning, positive psychotic symptoms, negative symptoms, study
quality, baseline antipsychotic exposure, type of CHR-P psychometric instrument and

follow-up time (for the meta-analysis iv only).

eMethods 7. Glossary of terms
e CHR-P: Clinical High Risk for Psychosis

e HC: Healthy Controls (if help-seeking, it is specified in eTable 4).
e FEP: First Episode Psychosis

e TMT-A and TMT-B: Trail Making Test Part A and B

e BACS SC: Brief Assessment of Cognition Scale Symbol Coding
e DST: Digit symbol coding test
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e Stroop W: Stroop color word reading

e Stroop C: Stroop color naming task

e CPT-IP: Continuous Performance Test — Identical Pairs

o  WMSH-III: SS: Wechsler Memory Scale-11I Spatial Span Subtest
e LNS: Letter Number Span

e LNST: Letter Number Sequencing Test:

e SOPT: Self-Ordered Pointing Task

e HVLT-R: Hopkins Verbal Learning Test—Revised

e RAVLT: Rey Auditory Verbal Learning Test

e CVLT: California Verbal Learning Test I/II

e BVMT-R: Brief Visuospatial Memory Test-Revised

e ROCF: Rey-Osterrieth Complex Figure test

e NAB Mazes: Neuropsychological Assessment Battery Mazes

e RMET: Reading the Mind in the Eyes Test

e DFAR: Degraded Facial Affect Recognition

e  WAIS-III: Wechsler Adult Intelligence Scale- 3™ edition

e  WAIS-R: Wechsler Adult Intelligence Scale-Revised

e  WISC-III: Wechsler Intelligence Scale for Children- 3" edition
e NART: National Adult Reading Test

e  MWT-B: MehrfachWortschaftz-Intelligenz Test-part B

o  WAIS/WISC BD: WAIS /WISC Block Design: subtest of WAIS/WISC
e  WCST: Wisconsin Card Sorting Test

e Tapping: Finger Tapping Test

e UPSIT: University of Pennsylvania Smell Identification Test
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eTable 1. PRISMA statement and checklist

Section/topic # ChecKklist item Page

TITLE

Title | 1 ‘ Identify the report as a systematic review, meta-analysis, or both Cover page

ABSTRACT

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

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known Introduction

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

METHODS

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

registration registration information including registration number

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

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

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

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

Data collection 10 | Describe method of data extraction from reports (e.g. piloted forms, independently, in duplicate) and any processes Methods

process for obtaining and confirming data from investigators

Data items 11 | List and define all variables for which data were sought (e.g. PICOS funding sources) and any assumptions and Methods
simplifications made
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Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was Methods

individual studies done at the study or outcome level), and how this information is to be used in any data synthesis

Summary measures 13 | State the principal summary measures Methods

Risk of bias across 15 | Specify any assessment of risk of bias (i.e. Newcastle-Ottawa Scale (NOS)), that may affect the cumulative evidence | Methods

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

RESULTS

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

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

Risk of bias within 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12) Results

studies

Results of individual | 20 | For all outcomes considered (benefits or harms), present for each study a summary data for each intervention group Results

studies

Synthesis of results 21 | Present results of analyses Results

Risk of bias across 22 | Present results of any assessment of the risk of bias across studies (see Item 15) Results

studies

Additional analysis 23 | Give results of additional analyses, if done (e.g. sensitivity or subgroup analyses, meta-regression see Item 16) Results

DISCUSSION

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

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

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research Discussion

FUNDING

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

systematic review
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eTable 2. MOOSE checklist

Criteria

Brief description of how the criteria were handled in the meta-analysis

Reporting of background should include

\' | Problem definition To examine at a meta-analytical level whether neurocognitive deficits are evident in Clinical High Risk (CHR-P) for psychosis
subjects relative to preferably healthy controls (HC) and to define the specific pattern of these neurocognitive deficits.

To identify neurocognitive impairments that specifically predicted the later transition to psychosis in the CHR-P population,
controlling for the potential confounding effect of socio-demographical, methodological, and clinical factors.

\' | Hypothesis statement We hypothesized that CHR-P state would have a significant impairment in neurocognitive domains, especially those who
develop psychosis.

\' | Description of study outcomes In line with our earlier meta-analysis the different neurocognitive tasks were grouped in neurocognitive domains on the basis

of the criteria developed by the MATRICS conference and then discussed by us, according to the indications of the articles
included: (1) processing speed, (2) verbal learning, (3) working memory, (4) reasoning and problem-solving, (5) visual
learning, (5) attention and vigilance, and (7) social cognition. Further, we have analysed the CHR-P domains of (8) general
intelligence, (9) premorbid intelligence, (10) visuospatial ability, (11) verbal memory, (12) visual memory, (13) executive
functioning, (14) motor functioning, and (15) olfaction. We reported differences between CHR-P population and HC in these
domains, measured by standardised scales.
For comprehensiveness, we conducted two supplementary meta-analyses: iii) comparing neurocognitive functioning in CHR-
P individuals vs FEP individuals (when these contrasts were reported in the articles retrieved) and iv) estimating the pooled
effect sizes across each of the 15 neurocognitive domains. For the latter meta-analysis (iv), we followed meta-analytical
guidelines*** to account for studies reporting on more than one non-independent neurocognitive tasks within the same
neurocognitive domain.

\' | Type of exposure or intervention used We included individual studies that reported neurocognitive data in CHR-P population.

V' | Type of study designs used Case-control studies, and cohort studies, which investigate the neurocognitive functioning CHR-P for psychosis compared to
HC.

V' | Study population CHR-P state.

Reporting of search strategy should

include

V' | Qualifications of researchers The credentials of the investigators are indicated in the author list and in the acknowledgements.

\' | Search strategy. including time period | We performed a multi-step literature search using the following keywo"ds: "co"nit*" OR "neuroco"nit*" OR "social

included in the synthesis and keywords | co"nit*""AND "psychosis"risk" OR "pro"rom*" OR "ultra-high"risk" OR "clinical high"risk" OR "genetic high"risk" OR "at
risk mental "tate" OR "at-risk mental "tate" OR "basic sym"toms" OR “ultra-high"risk” from inception until 1st July 2020.

\' | Databases and registries searched Web of Science database (Clarivate Analytics): Web of Science Core Collection, BIOSIS Citation Index, KCI-Korean Journal
Database, MEDLINE, Russian Science Citation Index, PubMed and SciELO Citation Index.

V' | Use of hand searching We hand-searched bibliographies of retrieved papers for additional references.

' | List of citations located and those Details of the literature search process are outlined in the results section and in the PRISMA flow-chart.

excluded. including justifications
\' | Method of addressing articles published | Only articles in English language were selected.

in languages other than English
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\/

Method of handling abstracts and
unpublished studies

Original individual studies were included. Conference proceedings, reviews, editorials, clinical cases and unpublished studies
were excluded.

\/

Description of any contact with authors

A description of the contact with corresponding authors to request additional data for this study is detailed in methods
section.

Reporting of methods should include

' | Description of relevance or Detailed inclusion and exclusion criteria were described in the methods section.
appropriateness of studies assembled for
assessing the hypothesis to be tested
' | Rationale for the selection and coding of | Data extracted from each of the studies were relevant to the population characteristics, study design, comparison group,
data exposure and outcomes.
V' | Assessment of confounding factors Confounding factors were systematically assessed in each neurocognitive domain.
V' | Assessment of study quality We adapted the Newcastle-Ottawa Scale for the evaluation of cross-sectional and cohort studies.
V' | Assessment of heterogeneity Heterogeneity was assessed with the I? index.
V' | Description of statistical methods in Statistical methods are described in detail in the methods section.
sufficient detail to be replicated
' | Provision of appropriate tables and We included the PRISMA flow-chart and several tables and graphics to describe the literature search and our results.

graphics

Reporting of results should include

N Graph summarizing individual study We have appended them in the main text. Additional graphs were presented as supplementary material to fully describe the
estimates and overall estimate results.

\' | Table giving descriptive information for | We have presented descriptive information for each study in the supplementary material.
each study included

\ | Results of sensitivity testing Subgroup analyses were conducted to analyse differences between used task in each neurocognitive domain.

' | Indication of statistical uncertainty of We reported mean estimates for the main outcome and 95% CI.
findings

Reporting of discussion should include

V' | Quantitative assessment of bias Publication biases were assessed by funnel plots visual inspections and Egger test 4°. The trim and fill methods were used as

sensitivity analyses to correct biases if detected.
' | Justification for exclusion Exclusion criteria and justification are described in the manuscript.
V' | Assessment of quality of included We adapted the Newcastle-Ottawa Scale for the evaluation of cross-sectional and cohort studies.

studies

Reporting of conclusions should include

\' | Consideration of alternative We discussed other explanations for our findings in the discussion section.
explanations for observed results
\' | Generalization of the conclusions We have addressed the generalization of the conclusions in the discussion section.
\' | Guidelines for future research We have suggested possible streams of future development and research in the discussion.
' | Disclosure of funding source Funding source described at the end of the manuscript. No separate funding was necessary for the undertaking of this meta-

analysis.
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eTable 3. Risk of bias (quality) assessment using modified Newcastle-Ottawa Scale for cross-sectional
and cohort studies

Newcastle-Ottawa Scale Criteria Maximum
Score

Cross-Sectional Studies
Sample representative of target sample (e.g. all eligible or random sample)? 2
Sample size justified and satisfactory? 1
Non-response rate is defined satisfactory. and characteristics of responders/non-responders 1
compared?
Ascertainment of exposure (i.e. menstrual cycle) is valid and/or well described? 1
Assessment of outcome with robust tool and/or record linkage? 2
Outcome per group reported appropriately? 1
Cohort Studies
Representativeness of exposed cohort (e.g. total population or random sample. selected group) 1
Method used to ascertain exposure (menstrual cycle phase) is robust? 1
Exposed and unexposed are matched or adjustment for confounding factors? 2
Assessment of outcome was blind to exposure status or used record linkage. were robust tools 2
used?
Follow-up period was sufficiently long for outcomes to occur (e.g. more than one menstrual 1
cycle?
Loss to follow-up rate is reported. low (<30%). and same in exposed and non-exposed? 1
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eTable 4. Characteristics of included studies. CHR-P, Clinical High Risk for Psychosis; HC, Healthy Controls; FEP, First Episode Psychosis;

FUP, Follow-up; mo, months; NOS, Newcastle-Ottawa Scale.

Author year Country CHI\IIQ-P HN C FI;ZIP Age mean (SD) EE(}; NOS Task used
Addington 2012%° Canada-USA 146 85 CHR-P 19.8 (4.5) 24 6 WAIS-III/WISC-III
Help-seeking 19.4 (3.5)
Addington 2017 Canada-USA 145 CHR-P 19.84 (4.7) 172 6 Animal Fluency, DST, TMT-A. LNST, WAIS-
NI/WISC-III, WCST
Atkinson 20172 Austria 102 62 CHR-P 18.6 (2.7) 0 6 LNST, CVLT-II, UPSIT, RMET, Hinting
HC 19.1 (3.2)
Becker 2010°° The Netherlands |41 17 CHR-P 19.85 (3.6) 18 6 CPT-IP, NART, ROCF, Tapping
HC 194 (3.8)
Blanchard 20103 Ireland 17 20 CHR-P 12 (6.9) 0 4 TMT-A, TMT- B
HC 12.58 (4.2)
Bolt 2019% Australia 294 CHR-P 19.13 (4.5) 41 7 WAIS-III
Brewer 200336 Australia 81 31 CHR-P 20.26 (3.5) 18 7 NART, UPSIT
HC21.1(3.9)
Brockhous-Dumke 2005%7 | Germany 43 33 CHR-P 25.4 (5.8) 0 4 WCST
HC 24.5 (3.3)
Broome 2012%8 UK 28 CHR-P 24.41 (4.2) 21 6 NART
Chu 2019% Hong Kong 71 68 69 CHR-P 20.8 (6.5) 0 6 LNS, WMS VR
HC 24.5 (8.0)
FEP 23.87 (7.2)
Chung 2008% South Korea 33 36 CHR-P 20.88 (3.2) 0 8 WCST
HC 21.97 (2.5)
Corcoran 2015%! USA 49 31 CHR-P 20.6 (3.8) 0 7 WAIS-III
HC214(3.1)
Couture 2008 Canada-USA 88 41 CHR-P 18.9 (4.6) 0 7 RMET
HC24.9 (5.1)
Cui 20209 China. 217 133 CHR-P 18.56 (4.9) 12 8 BACS SC, Animal Fluency, TMT-A, CPT-IP, WMS-
HC 18.77 (4.3) III: SS, HVLT-R, BVMT-R, NAB mazes
Eastvold 2007% USA 40 36 15 CHR-P 20.8 (3.5) 8 WCST, Stroop W, Stroop C, Stroop interference
HC 21.8 (3.4)
FEP 21.5 (5.2)
Egloff 2019 Switzerland 59 31 CHR-P 25 (6.0) 0 7 CVLT-1
FEP 27.3 (6.0)
Eisenacher 2018% Germany 38 38 CHR-P 22.9 (4.2) 0 6 HVLT-R, BVMT-R, MWT-B, TMT- B, WCST, NAB
HC 24.3 (5.8) Mazes
Epstein 2014%7 USA 21 55 CHR-P 16.1 (3.3) 0 6 CPT-IP
HC 16.5 (2.6)
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Frommann 201168 Germany 89 87 CHR-P 25.3 (6.4) 0 DS, Letter Fluency, TMT-A, CPT-IP, LNST, RAVLT,
HC25.5(4.4) MWT-B, SOPT, RAVLT, TMT- B
Gill 2013%° USA 71 36 CHR-P 19.33 (3.6) 0 WAIS-III, UPSIT
HC 21.7 (4.6)
Goghari 20147 UK 96 23 28 CHR-P 23.3 (4.4) 0 WAIS-III
HC25.2(5.4)
FEP 22.6 (4.4)
Gupta 20147 USA 53 35 CHR-P 18.6 (2.1) 0 BACS SC, TMT-A, BVMT-R, WMS-III: SS
HC 18.8 (1.7)
He 20197 China 190 37 CHR-P 20.47 (4.6) 0 TMT-A, TMT- B
HC 22.08 (3.35)
Healey 20137 USA 147 85 CHR-P 19.79 (4.7) 24 RMET
Help-seeking 19.41
(4.08)
Hou 20167 China-Australia |40 40 40 CHR-P 29.1 (7.0) 0 DST, Stroop C, Stroop W, TMT-A, HVLT-R
HC 244 (5.1)
FEP 26.4 (6.5)
Hur 20127 South Korea 41 40 CHR-P 20.95 (3.8) 0 Stroop interference
HC21.2(3.1)
Hur 201376 South Korea 55 58 CHR-P 21.96 (3.3) 0 WCST
HC 23.1 (2.96)
Hwang 201977 South Korea 40 85 85 CHR-P 20.55 (3.0) 0 WCST
HC 21.24 (2.3)
FEP 21.87 (3.6)
Ilonen 201078 Finland 22 187 CHR-P 15.7 (1.7) 0 WAIS-R/WISC-IIT
Help-seeking 15.5 (1.7)
Jahshan 20107° USA 46 29 18 CHR-P 19.8 (4.1) 6-36 Stroop W, Stroop C, Stroop interference
HC 19.9 (5.7)
FEP 21 (5.7)
Kamath 201430 USA 10 17 CHR-P 19.9 (2.6) 0 UPSIT
Help-seeking 21 (2.5)
Kang 20188%! South Korea 65 83 CHR-P 20.1 (3.4) 0 WAIS-III (Korean Version)
HC 20.8 (3.6)
Kim 2011%2 South Korea 45 49 CHR-P 21.07 (3.9) 0 Stroop C, TMT-A. CVLT-I, WMS-III: Spatial Span
HC22.7(3.5)
Kim 2019% South Korea 60 71 47 CHR-P 20.3 (3.5) 0 TMT-A, CVLT-1, ROCF, TMT- B, WCST
HC 22 (3.4)
FEP 23 (4.1)
Koren 2019% Israel 21 34 CHR-P 15.9 (1.4) 0 RAVLT, WAIS-R, WCST, Hinting
HC 15.8 (1.0)
Korver 2010% The Netherlands | 29 30 CHR-P 18.8 (2.4) 0 Letter Fluency, CVLT-I
HC 19.8 (3.4)
Koshiyama 20188 Japan 30 20 26 CHR-P 20.8 (4.0) 0 NART
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HC 23 (5.0)
FEP 23.9 (6.4)

Koutsoluleris 201187 Germany 48 30 CHR-P 24.7 (5.8) 0 DST, Letter Fluency, TMT-A, LNS, LNST, RAVLT,
HC 26 (2.7) MWT-B, SOPT, RAVLT, TMT- B
Kristensen 201988 Denmark 116 49 CHR-P 23.8 (4.2) 0 BACS SC, WAIS-III
HC 24.4 (3.4)
Lee 2014% South Korea 75 75 CHR-P 19.97 (3.8) 0 TMT-A, ROCF, K-WAI, TMT- B, WCST
HC 19.9 (2.5)
Lee 2015% South Korea 40 46 24 CHR-P 19.9 (3.6) 0 WAIS-III (Korean Version)
HC 20.8 (3.5)
FEP19.9 (3.6)
Lepock 2019°! Canada 36 21 CHR-P 21.7 (3.0) 0 NART
HC 21.3 (3.4)
Li2018% China. 34 37 CHR-P 21.5 (3.5) 0 BACS SC, Stroop W, Stroop C, CPT-IP, HVLT-R,
HC 20.8 (3.1) BVMT-R
Lin 2013% Australia. UK 124 36 CHR-P 19.13 (3.3) 0 DST, TMT-A, Arithmetic, RAVLT, WMS VR, WAIS-
HC 20.75 (4.4) R- WAIS/WISC BD, TMT- B
Lindgren 2010% Finland 62 72 CHR-P 16.5 (0.9) 0 BACS SC, Animal Fluency, TMT-A, WMS-III: SS,
HC 16.5 (0.9) CVLT-I, WMS VR, TMT- B, Tapping
Liu 2019% China-USA 73 72 CHR-P 23.3 (4.5) 0 WMS VM
HC 24 (2.9)
Magaud 2014% France 104 64 30 CHR-P 20.9 (3.5) 0 Arithmetic, WAIS-R
Help-seeking 21.3 (3.8)
FEP 22.5 (4.3)
Menghini — Muller 2019°7 | Switzerland 343 67 CHR-P 22.4 (4.9) 0 DST, TMT-A, Arithmetic, RAVLT, WAIS-III,
HC 22.9 (4.09) WAIS/WISC BD. RAVLT, TMT- B
Metzler 2015 Switzerland 72 12 CHR-P 20.52 (5.9) 18 Animal Fluency, DST
FEP 19.1 (4.8)
Millman 2014% USA 37 35 CHR-P 18.6 (1.8) 0 BACS SC, Animal Fluency, TMT-A
HC 18.1 (2.3)
Mirzakhanian 2013'% USA 109 102 {90 CHR-P 19.1 (4.1) 0 CPT-IP
HC 20.8 (4.6)
FEP 20.9 (5.4)
Mittal 2010'°! USA 90 CHR-P 15.64 (3.0) 24 WAIS-III/WISC-IIT
Modinos 2015'% UK 18 18 22 CHR-P 24.4 (4.1) 0 NART
HC 27.9 (5.0)
FEP 23.8 (4.6)
Montalvo 2014193 Spain 23 29 55 CHR-P 22.5 (4.3) 0 HVLT-R, BVMT-R, NAB mazes
HC 26.4 (4.3)
FEP 24.5 (5.3)
Ohmuro 2016'% Japan 36 25 40 CHR-P 20.9 (4.7) 0 NART
HC 21.3 (1.0)

FEP 22.9 (6.3)
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Ohmuro 2018'% Japan 50 29 CHR-P 20 (4.1) 0 NART, WCST
HC 212 (1.0)
FEP 22.9 (6.3)

Pflueger 20181% Switzerland 116 57 90 CHR-P 25.7 (6.5) 0 CVLT-I, WCST
HC 24.9 (6.4)
FEP 28.3 (7.9)

Pukrop 2006'%7 Germany 128 179 CHR-P 24.43 (6.0) 0 MWT-B
HC 29.23 (8.4)

Pukrop 2007198 Germany 39 44 CHR-P 24.92 (5.3) 0 DST, CPT-IP, LNS, LNST, SOPT, ROCF, TMT- B,
HC 25.08 (3.2) WCST

Randers 2020'% Denmark 220 50 CHR-P 22.4 (3.3) 0 TMT-A, WMS-III: SS, WAIS/WISC BD, TMT- B,
HC 23.5 (4.4) DFAR

Sanada 2018'° Spain-Japan 13 30 CHR-P 22.2 (8.0) 6 Stroop W, Stroop C, Stroop Interference, LNST, WCST
HC 24 (6.3)

Seidman 2010'!! USA-Canada 216 109 CHR-P 18.31 (4.73) 30 CPT-IP, WAIS-R, TMT- B, WCST
HC 18.8 (4.5)

Seidman 20164 USA-Canada 689 264 CHR-P 18.5 (4.2) 24 BACS SC, Animal Fluency, CPT-IP, WMS-III: Spatial
HC 19.8 (4.7) Span, LNS, HVLT-R, BVMT-R, WAIS/WISC BD,

UPSIT, NAB Mazes

Shin 20162 South Korea 47 28 CHR-P 19.3 (3.3) 24 Letter Fluency
HC 27 (6.0)

Simon 2007'13 Switzerland 93 49 43 CHR-P 20.81 (5.0) 0 Animal Fluency, Letter Fluency, LNS, RAVL, MWT-
HC21.8 (4.9) B, RAVLT, TMT- B, WCST

Standford 2011'4 USA 63 38 CHR-P 19.6 (3.6) 0 WAIS-R, RMET
HC 23.98 (7.5)

Studerus 20185 Switzerland 168 109 CHR-P 25.4 (7.2) 0 CVLT
HC 25 (5.3)

Szily 2009'16 Hungary 26 50 CHR-P 22 (8.7) 0 WAIS-R, RMET
HC 21.1 (6.3)

Takahashi 2018!"7 Japan 38 61 CHR-P 18.4 (3.9) 0 NART
HC 25.6 (3.2)

Thompson 201213 Australia 30 30 40 CHR-P 19.1 (2.8) 0 WMS-III: Spatial Span, LNST, WAIS-III, Hinting
HC 19.3 (2.9)

Tognin 2020!'"° UK 309 51 CHR-P 22.63 (4.8) 24 WAIS-III, DFAR
HC 23.37 (3.9)

Tor 201920 Spain 81 39 CHR-P 15.11 (1.8) 0 TMT-A, WMS VM, ROCF, WAIS-III, TMT- B
HC 15.58 (1.5)

Ucok 2013'2! Tukey 81 35 53 CHR-P 22.13 (6.0) 0 TMT-A, TMT- B, WCST, Stroop C, Stroop
HC 20 (3.7) interference

Van Rijin 201122 The Netherlands | 36 21 CHR-P 15.2 (2.1) 0 DFAR
HC 15.9 (1.4)

Wood 2007'% Australia 16 17 CHR-P 19.4 (3.5) 12 RAVLT, WMS VM
HC 19.7 (2.4)
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Woodberry 20132 USA 53 32 CHR-P 16.3 (2.6) 12 6 CPT-IP, CVLT-I, WCST, Tapping
HC 16 (2.4)

Zhang 2016'% China. 83 90 CHR-P 20.3 (1.7) 12 5 RMET
HC 19.1 (2.0)

Ziermans 201412 The Netherlands |43 44 CHR-P 15.22 (2.2) 72 5 Letter Fluency, CPT-IP, WAIS-III, WCST, Tapping
HC 154 (1.3)

CHR-P Clinical High risk for Psychosis; HC healthy controls; FEP First Episode Psychosis

TMT-A Trail Making Test-Part A; BACS SC Basic Assessment of Cognition Scale Symbol Coding; DST Digit Symbol coding test; CPT-IP Continuous Performance Test
Identical Pairs; WMS-III: SS Wechsler Memory Scale. 3" ed. spatial span subtest; LNS Letter Number Span; LNST Letter Number Sequencing Test; HVLT-R Hopkins Verbal
Learning Test-Revised; RAVLT Rey Auditory Verbal Learning Test; CVLT California Verbal Learning Test; BVMT-R Brief Visuospatial Memory Test-Revised; ROCT Rey-
Osterrieth Complex Figure Test; NAB Mazes Neuropsychological Assessment Battery Mazes; DFAR Degraded Facial Affect Recognition; RMET Reading the Mind in the
Eyes; WAIS Wechsler Intelligence Scale; NART National Adult Reading Test; MWT-B. MehrfachWortschaftz-Intelligenz Test-part B; SOPT Self-Ordered Pointing Task;
RAVLT DR Rey Auditory Verbal Learning Test Delayed Recall; ROCF Rey- Osterrieth Complex Figure Test; WMS VR Weschler Memory Scale Visual Reproduction Delayed
Recall; TMT-B Trail Making Test-Part B; WCST categories Wisconsin Card Sorting Test categories; WCST number of corrects responses Wisconsin Card Sorting Test number
of correct responses; WCST perseverative errors Wisconsin Card Sorting Test perseverative errors; WCST perseverative responses Wisconsin Card Sorting Test perseverative
responses; UPSIT University of Pennsylvania Smell Identification Test.
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eTable 5. Meta-analytical comparisons: CHR-P vs HC. CHR-P, Clinical High Risk for Psychosis; HC, Healthy Controls

Neurocognitive Tasks . N N Hedoes: . Heterogeneity Publication bias'
domains CHR-P HC ges' g CI95% z P Q P P Funnel plots | Egger trim z.md fill
asymmetry test bias
Processing Speed TMT-A | 16 | 1336 861 -0.34 2059 | -0.09 | -2.65 | 0.01 | 84.01 | 86.16 | <0.001 N ns n.a.
BACS SC 1109 518 -0.67 095 | -0.39 | -4.63 | <0.001 | 16.37 | 79.75 | <0.001 N ns n.a.
ﬁﬁl’ﬁ?; 5 1098 553 -0.39 054 | -0.24 | -5.06 | <0.001| 6.5 | 3823 | 0.165 N ns na.
Letter Fluency| 6 349 268 -0.31 059 | -0.04 | 223 | 0.03 | 15.56 | 63.94 | 0.082 Y ns n.a.
DST 6 686 305 -0.74 119 | -0.29 | -3.23 | 0.001 | 28.77 | 88.56 | <0.001 Y ns na.
StroopW | 3 87 107 -1.17 -1.86 | -0.48 | -3.35 | <0.001 | 10.6 | 78.62 | <0.001 N ns n.a.
StroopC | 5 182 107 -0.69 -1.44 | 0.05 | -1.83 | 0.067 | 51.58 | 91.14 | <0.001 N ns na.
Attention/Vigilance | CPT-IP | 11 | 1591 1059 -0.39 049 | -0.29 | -7.79 | <0.001 | 14.14 | 21.75 | 0.17 Y ns na.
Working Memory | WMS-III: SS | 5 1044 528 -0.43 0.6 | -027| -5.1 |<0.001| 6.12 | 41.29 | 0.19 N ns na.
LNS 5 922 455 -0.46 057 | -0.34 | -7.78 | <0.001 | 5.15 0.27 N ns na.
LNST 5 280 237 -0.39 057 | -0.22 | -4.56 | <0.001| 3.8 0 0.45 N ns n.a.
Arithmetic | 3 571 167 -0.32 0.67 | 0.03 | -1.78 | 0.07 | 7.63 | 73.05 | 0.02 Y ns n.a.
SOPT 3 161 176 -0.48 1120 | 015 | -1.49 | 0.14 | 12.64 | 86.84 | <0.001 N ns n.a.
Verbal Learning HVLT-R | 7 1087 570 -0.86 143 | -0.28 | -2.93 | <0.001 | 57.03 | 95.22 | <0.001 N ns n.a.
RAVLT 6 684 287 -0.5 0.78 | -0.21 | -3.43 | <0.001 | 16.55 | 70.98 | <0.001 Y ns n.a.
CVLT 7 497 379 0.5 0.64 | -0.36 | -7.11 | <0.001| 6.78 0 0.34 N ns n.a.
Visual learning BVMT-R | 6 1054 536 -0.47 20.66 | -0.28 | -4.78 | <0.001 | 10.76 | 53.14 | 0.06 N ns n.a.
WMSVM | 5 374 288 -0.49 20.73 | -0.25 | -4.05 | <0.001| 9.07 | 55.63 | 0.06 N ns n.a.
ROCF 3 216 185 -0.37 076 | 0.02 | -1.86 | 0.06 | 7.21 | 72.91 | 0.03 N ns n.a.
P‘:szf:;i_'égof‘v';:g NAB Mazes | 4 997 464 -0.46 0.74 | -0.19 | -3.27 | 0.001 | 14.14 | 73.23 | <0.001 Y ns na
Social cognition RMET 6 509 365 0.32 0.66 | 0.03 | -1.8 | 0.072 | 27.74 | 83.26 | <0.001 Y ns na
DFAR 3
anger 367 122 0.05 047 | 057 | 0.15 | 0.85 | 8.52 | 7626 | 0.01 N ns n.a.
fear 367 122 0,00 023 | 023 | -001| 099 | 09 0 0.64 N ns n.a.
happy 367 122 -0.05 028 | 018 | -039| 0.69 | 02 0 0.9 N ns n.a.
neutral 367 122 -0.19 072 | 034 | 071 | 048 | 7.11 | 76.62 | 0.03 N ns n.a.
Hinting 3| 153,00 | 12500 | -0.53 0.77 | -0.28 | -4.21 | <0.001 | 0.61 0 0.74 N ns n.a.
inﬁﬁﬁ;i‘ce 1Q 17 | 1973 1074 031 2045 | 017 | 428 | 0.001 | 458 | 63.62 | <0.001 N ns n.a.
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Verbal IQ | 4 232 333 -0.23 052 | 007 | -15 | 013 | 663 | 5585 | 0.08 N ns na.
P erf"lr(‘)“a““" 5 348 382 02 042 | 001 |-1.86| 006 | 649 | 3821 | 0.17 N ns n.a.
Premorbid 1Q NART 7 294 197 0.52 2101 | -0.03 | 2.07 | 0.04 | 37.32 | 84.33 | <0.001 N ns n.a.
MWT-B 5 396 383 -0.33 2062 | 003 | -2.15 | 0.03 | 19.15 | 72.01 | <0.001 N ns n.a.
Visuospatial ability WAIIS’;/IV)VISC 51 1192 444 2032 044 | -02 | -5.06 |<0.001| 3.07 | 654 | 0.55 Y ns na
Verbal memory | RAVLTDR | 4 573 233 -0.45 20.67 | 022 | -3.89 | <0.001| 576 | 4598 | 0.12 N ns na.
Visual memory ROCFDR | 4 218 170 034 20.65 | 003|213 | 003 | 644 | 5387 | 0.09 N ns na.
WMS VR | 3 159 128 -0.75 2136 | -0.14 | 242 | 0.02 | 7.07 | 80.98 | 0.03 Y 0.008 ns
Executive TMT-B | 16 | 1328 860 -0.49 2072 | 027 | -4.27 | <0.001 | 85.97 | 82.03 | <0.001 Y ns n.a.
functioning
WCST 1 ¢ | 30 282 -0.36 066 | -007|-239| 0.02 | 1697 | 71.61 | <0.001 Y ns n.a.
categories
WCST
number of |, 148 135 -0.54 2114 | 006 | -1.76 | 0.08 | 16.45 | 81.74 | <0.001 N ns na
correct
responses
WCST —20.15; 95%CI
perseverative | 9 665 509 021 035 | -007| 3.1 | 0002 | 957 | 1866 | 03 Y 0.006 | [-0.29,-0.01],
errors p=0.03
WCST n.a.
perseverative | 4 185 186 0.25 2045 | 005|243 001 | 164 | 000 | 0.65 N ns
responses
_ Stroop 5 221 170 0.15 031 | 061 | 063 | 053 | 19.95 | 79.01 | <0.001 N ns na
interference
Motor functioning Tapping 4 199 165 -0.24 -0.45 -0.04 | -2.29 | 0.02 2.49 0 0.48 N ns n.a.
Olfaction UPSIT 5 953 409 -0.55 2097 | 012 | 249 | 0.01 | 2035 | 86.9 | <0.001 Y ns n.a.

k number of studies; ns not significant. n.a. not applicable

TMT-A Trail Making Test-Part A; BACS SC Basic Assessment of Cognition Scale Symbol Coding; DST Digit Symbol Coding Test; Stroop W Stroop color word reading task; Stroop C Stroop
color naming task; CPT-IP Continuous Performance Test Identical Pairs; WMS-III: SS. Wechsler Memory Scale-111: Spatial Span; LNS Letter Number Span; LNST Letter Number Sequencing
task; HVLT Hopkins Verbal Learning Test; RAVLT Rey Auditory Verbal Learning Test; CVLT California Verbal Learning Test; BVMT-R. Brief Visuospatial Memory Test-Revised; ROCT
Rey- Osterrieth Complex Figure Test; NAB Mazes Neuropsychological Assessment Battery Mazes; DFAR Degraded Facial Affect Recognition; RMET Reading the Mind in the Eyes Test; 1Q
Intelligence Quote; NART National Adult Reading Test; MWT-B. MehrfachWortschaftz-Intelligenz Test Part B; SOPT Self-Ordered Pointing Task; RAVLT DR Rey Auditory Verbal Learning
Test Delayed Recall; ROCF DR Rey- Osterrieth Complex Figure Test Delayed Recall; WMS VR Weschler Visual Memory Delayed Recall; TMT-B Trail Making Test-Part B; WCST Categories
Wisconsin Card Sorting Test categories completed; WCST number of corrects responses Wisconsin Card Sorting Test number of correct responses; WCST perseverative errors Wisconsin Card
Sorting Test perseverative errors; WCST perseverative responses Wisconsin Card Sorting Test perseverative responses; UPSIT University of Pennsylvania Smell Identification Test
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eTable 6. Meta-analytical comparisons: CHR-P not transitioning vs those transitioning: CHR-P, Clinical High Risk for Psychosis

N N
CHR-P CHR-P non He'd ges CI95% z p Heterogeneity Publication bias
Neurocognitive Transition | transitioning g
2 Task k
domains Funnel .
Q 2 p plots Egger | trim and fill
test p bias
asymmetry
Processing Speed TMT-A 5 141 404 -0.29 -0.48 | -0.09 | -2.85 | <0.001 0.44 0 0.98 Y ns n.a.
Animal 4 171 941 20.51 | <112 | 009 | -1.66 | 0.096 | 18.97 | 90.76 | <0.001 N ns na.
Fluency
DST 7 278 1075 -0.39 -0.63 -0.14 | -3.12 0.002 13.9 61.18 0.03 Y 0.02 ns
Attention/Vigilance CPT-IP 5 214 809 -0.29 -0.51 -0.08 | -2.68 0.007 4.9 31.96 0.3 N ns n.a.
Working Memory LNST 5 107 306 -0.29 -0.67 | 0.099 | -1.46 0.14 9.28 59,00 0.054 N ns n.a.
Verbal Learning CVLT 3 23 121 -0.58 -1.12 | -0.05 -2.12 0.03 2.7 23.19 0.26 Y ns n.a.
General intelligence 1Q 8 239 923 -0.26 -0.4 -0.11 -3.52 <0.001 7.27 0 0.4 Y ns n.a.
Premorbid I1Q NART 3 44 106 -0.19 -0.54 0.16 -1.04 0.3 0.81 0 0.67 N ns n.a.
Visual memory ROCF DR 3 75 124 -0.44 -0.74 | -0.14 | -0.84 | <0.001 0.05 0 0.98 N ns n.a.
=-0.42;
. WCST (z‘)% ;
Executive perseverative | 5 147 344 027 | -0.54 | 0.007 | -191 | 006 | 725 | 40.67 | 0.123 Y 0.02 | P7CLLE0T7,
functioning -0.07],
errors
p=0.019
Motor functioning Tapping 3 37 104 0.07 -0.31 0.45 0.36 0.72 0.2 0 0.9 N ns n.a.
Olfaction UPSIT 3 137 778 -0.137 | -0.761 | 0.486 | -0.43 0.67 14.09 | 86.14 | <0.001 N ns n.a.

k number of studies; ns not significant. n.a. not applicable

TMT-A Trail Making Test-Part A; DST Digit Symbol Coding Test; CPT-IP Continuous Performance Test Identical Pairs; LNST Letter Number Sequencing task; CVLT California Verbal Learning
Test; 1Q Intelligence Quote; NART National Adult Reading Test; ROCF DR Rey- Osterrieth Complex Figure Test Delayed Recall; WCST perseverative responses Wisconsin Card Sorting Test
perseverative responses; UPSIT University of Pennsylvania Smell Identification Test
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eTable 7. Meta-analytical comparisons: CHR-P vs FEP. CHR-P, Clinical High Risk for Psychosis; FEP, First Episode Psychosis

oo Heterogeneity Publication bias
Neurocognitive Task k N N H ' CI95%
domains as CHR-P | FEP edges's 5% z p 2 Funnel plots | Egger | trim and
Q I P -
asymmetry test p fill bias
Processing Speed TMT-A 3 140 181 0.38 -0.08 | 0.84 1.63 0.1 8.25 78.45 0.02 N ns n.a.
Verbal Learning HVLT-R 3 109 113 0.58 0.22 0.95 3.11 <0.001 3.36 39.23 0.19 N ns n.a
CVLT 3 235 168 0.4 0.2 0.6 3.95 <0.001 1.42 0 0.49 N ns n.a.
General intelligence 1Q 3 124 82 0.63 0.35 0.91 4.38 <0.001 2.23 17.14 0.33 N ns n.a.
Premorbid 1Q NART 3 84 88 -0.14 0.74 0.47 -0.45 0.66 7.13 74.48 0.03 Y 0.012 ns
Executive functioning TMT- B 3 234 143 0.07 -0.14 | 0.28 0.66 0.51 0.19 0 0.91 N ns n.a.
WCST 3 234 143 0.25 0.01 0.5 2.02 0.04 2.81 26.98 0.25 N ns n.a.
categories
WCST
perseverative | 4 309 265 0.37 0.16 0.57 -3.51 <0.001 4.51 29.63 0.21 N ns n.a.
errors
_ Stroop 3| 161 | 108 033 2047 | 112 | 081 042 | 221 | 88.97 | <0.01 N ns na.
interference

k number of studies; ns not significant. n.a. not applicable
TMT-A Trail Making Test-Part A; HVLT Hopkins Verbal Learning Test; CVLT California Verbal Learning Test; WAIS full Weschler Adult Intelligence Scale; NART National
Adult Reading Test; WCST Categories Wisconsin Card Sorting Test categories; WCST perseverative errors Wisconsin Card Sorting Test perseverative errors
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eTable 8. Pooled meta-analysis across 15 neurocognitive domains: CHR-P vs HC. CHR-P Clinical High Risk for Psychosis; HC healthy controls

o . N N Hedges'g
Neurocognitive domains k CHR-P HC Effect size 95%CI V/ p
Processing Speed 27 2534 1510 -0.39 -0.56 -0.21 -4.36 | <0.001
Attention/Vigilance 11 1591 1059 -0.39 -0.49 -0.29 -7.79 | <0.001
Working Memory 15 2070 1064 -0.44 -0.57 -0.31 -6.63 | <0.001
Verbal Learning 21 2289 1270 -0.51 -0.63 -0.39 -8.43 | <0.001
Visual learning 13 1563 970 -0.43 -0.57 -0.29 -6.08 | <0.001
Reasoning and Problem-Solving 4 997 464 -0.46 -0.74 -0.19 -3.27 | <0.001
Social cognition 11 927 551 -0.29 -0.50 -0.07 -2.49 0.01
General intelligence 19 2244 1205 -0.39 -0.57 -0.20 -4.09 | <0.001
Premorbid 1Q 12 690 580 -0.38 -0.63 -0.13 -2.98 | <0.001
Visuospatial ability 5 1192 444 -0.32 -0.44 -0.20 -5.06 | <0.001
Verbal memory 4 573 233 -0.45 -0.67 -0.22 -3.89 | <0.001
Visual memory 6 296 259 -0.45 -0.78 -0.13 -2.72 0.01
Executive functioning 29 1971 1403 -0.42 -0.60 -0.24 -4.62 | <0.001
Motor functioning 4 199 165 -0.24 -0.45 -0.04 -2.29 0.02
Olfaction 5 953 409 -0.44 -0.87 -0.02 -2.49 0.01

k number of studies
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eFigure 1. Pooled meta-analysis across 15 neurocognitive domains: CHR-P vs HC
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eTable 9. Pooled meta-analysis across neurocognitive domains: CHR-P transitioned vs CHR-P non transitioned

Neurocognitive K N CHthIP ot Hedges'g
domains CHR-P transitioning transitionin Effect size 95%CI z p
g
Processing Speed 8 292 1136 -0.39 -0.59 0.188 0.20 | <0.001
Attention/Vigilance 5 214 809 -0.29 -0.51 -0.08 0.22 0.007
Working Memory 5 107 306 -0.29 -0.67 0.099 0.38 0.14
Verbal Learning 3 23 121 -0.58 -1.12 -0.05 0.54 0.03
General intelligence 8 239 923 -0.26 -0.40 -0.11 0.14 | <0.001
Premorbid I1Q 3 44 106 -0.19 -0.54 0.16 0.35 0.3
Visual memory 3 75 124 -0.44 -0.74 -0.14 0.30 | <0.001
Executive functioning 5 147 344 -0.42 -0.77 -0.07 0.27 0.06
Motor functioning 3 37 104 0.07 -0.31 0.45 0.38 0.72
Olfaction 4 137 778 -0.14 -0.76 0.49 0.62 0.67

k number of studies
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eFigure 2. Pooled meta-analysis across neurocognitive domains CHR-P transitioning vs CHR-P non transitioning
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eTable 10. Pooled meta-analysis across neurocognitive domains: CHR-P vs FEP

Neurocognitive Hedges'g
: HR-P FEP
domains NC N Effect size CI195% V4 P
Processing Speed 3 140 181 0.38] -0.08 0.84 1.63 0.10
Verbal Learning 6 344 281 0.46 0.30 0.62 5.50| <0.001
General intelligence 3 124 82 0.63 0.35 0.91 4.38|<0.001
Premorbid 1Q 3 84 88 -0.14| -0.74 0.47 -0.45| 0.66
Executive functioning 8 470 373 034 0.11 0.56 2.941<0.001
k number of studies
eFigure 3. Pooled meta-analysis across neurocognitive domains: CHR-P vs FEP
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eFigure 4. Funnel plot for processing speed tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 5. Funnel plot for attention/vigilance tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 6. Funnel plot for working memory tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 7. Funnel plot for verbal learning tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 8. Funnel plot for visual learning tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 9. Funnel plot for reasoning and problem-solving tasks: CHR-P vs HC. CHR-P, Clinical
High Risk for Psychosis; HC, Healthy Controls
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eFigure 10. Funnel plot for social cognition tasks: CHR-P vs HC. CHR-P, Clinical High Risk for

Psychosis; HC, Healthy Controls
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eFigure 11. Funnel plot for general intelligence tasks: CHR-P vs HC. CHR-P, Clinical High Risk for

Psychosis; HC, Healthy Controls
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eFigure 12. Funnel plot for premorbid 1Q: CHR-P vs HC. CHR-P, Clinical High Risk for Psychosis;
HC, Healthy Controls
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eFigure 13. Funnel plot for visuospatial ability tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 14. Funnel plot for verbal memory tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 15. Funnel plot for visual memory tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 16. Funnel plot executive functioning tasks: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 17. Funnel plot for motor functioning task: CHR-P vs HC. CHR-P, Clinical High Risk for
Psychosis; HC, Healthy Controls
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eFigure 18. Funnel plot for olfaction task: CHR-P vs HC. CHR-P, Clinical High Risk for Psychosis;
HC, Healthy Controls
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eFigure 19. Funnel plot for neurocognitive domains by tasks: CHR-P not transitioning vs those transitioning: CHR-P, Clinical High Risk for

Psychosis
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eResults 1. Metaregressions

Metaregressions for the CHR-P vs HC analysis revealed that age (3=-0.06, p=0.022), and years of
education (8=0.17, p= 0.003) were associated with processing speed. Younger age was related to higher
differences while higher years of education were associated with lower differences between groups.
There were not enough data to perform meta-regressions in reasoning and problem-solving, visuospatial
ability, verbal memory, visual memory, motor function and olfaction (eTable 11).

Metaregressions for the analysis comparing CHR-P transitioning and not revealed that age (3=-0.08,
p= 0.028) was associated with processing speed (eTable 12). Younger age was related to higher
differences. No moderators were found for the CHR-P vs FEP analysis (eTable 13). Again, for several

domains, metaregressions were not feasible because of the lack of data.
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eDiscussion. Additional discussion

We also found some differences between tasks in the same domains, for example between the NART
and Verbal 1Q. First, the number of studies (7 vs 3) employed for each of these neurocognitive domains
is different, thus the effect size estimates are not directly comparable (and in fact were not compared
against each other). Second, these measures are not intended to measure the same
construct. Although Verbal IQ is less sensitive to conditions than visual IQ, nonverbal measures (e.g.
Performance IQ); it is obtained as a measure of current neurocognitive function. Conversely, the NART,
as used in these circumstances,is a measure of academic achievement that is intended
to estimate premorbid IQ. In this capacity, it also functions as a proxy for cognitive reserve in CHR-P
individuals and could reasonably show a different relationship to comparison groups than current verbal
1Q. In fact, while these two tasks are categorized within the same broad neurocognitive domain, their

actual correlation is not 1.00 (but rather 0.66)'%’.

While there is a moderate average relationship between Stroop color word reading and Stroop color
naming task in healthy subjects (based on standard scores; Word reading is usually higher than Color
naming using raw scores), there is a good deal of individual variation, similar to the case for WAIS
performance and WMS performance, which was also co-normed on the same individuals. Moreover,
and also similar to the case for the WAIS and the WMS, on the Stroop color word reading and Stroop
color naming task scales is separable due to a number of factors, such as age, education level, 1Q,
psychiatric conditions including schizophrenia and certain types of neurological conditions or acquired
injuries. Similarly, the WAIS BD was one of 5 subtests that comprised the WAIS Performance scale in
a few previous versions of the test (the current version no longer divides the subtests into Verbal and
Performance scales). One could easily differ on WAIS BD or on other Performance scale subtests but

not on the Performance scale composite score if performance on the scale’s subtests was heterogeneous.
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eTable 11. Metaregressions CHR-P vs HC

| k | [ SE z p | 95% CI
Processing Speed
Age 27 -0.058 0.025 -2.29 0.022 -0.109, -0.008
Sex male 27 0.002 0.009 -0.18 0.860 -0.019, 0.016
Years of education 16 0.171 0.057 2.97 0.003 0.058, 0.284
Caucasian n.a.
GAF 12 0.000 0.000 -0.04 0.970 -0.000, 0.000
Psychotic positive symptoms 15 -0.047 0.060 -0.74 0.458 -0.163, 0.073
Psychotic negative symptoms 15 -0.028 0.055 -0.52 0.605 -0.136, 0.079
NOS 27 -0.041 0.075 -0.62 0.532 -0.169, 0.088
Baseline AP exposure n.a.
Type of CHR-P instrument 23
SIPS -0.027 0.222 -0.12 0.903 -0.462, 0.408
Others -0.268 0.510 -0.58 0.562 -1.248,0.712
Working memory
Age 16 -0.018 0.025 -0.74 0.457 -0.068, 0.031
Sex male 16 0.003 0.007 0.50 0.618 -0.011,0.016
Years of education 11 -0.019 0.021 -0.64 0.523 -0.060, 0.022
Caucasian n.a.
GAF n.a
Psychotic positive symptoms n.a
Psychotic negative symptoms n.a
NOS 16 -0.056 0.052 -1.10 0.274 -0.142, 0.046
Baseline AP exposure n.a
Type of CHR-P instrument 13
SIPS -0.186 0.176 -1.05 0.291 -0.532, 0.159
Others 0.211 0.284 0.74 0.458 -0.346, 0.769
Verbal learning
Age 20 -0.075 0.031 241 0.016 -0.146,-0.014
Sex male 20 0.001 0.012 0.06 0.951 -0.023, 0.025
Years of education 12 0.168 0.095 1.77 0.077 -0.018, 0.355
Caucasian n.a
GAF 8 -0.015 0.014 -0.36 0.718 -0.033, 0.023
Psychotic positive symptoms 9 0.013 0.102 0.02 0.982 -0.199, 0.203
Psychotic negative symptoms 9 0.195 0.138 1.52 0.127 -0.056, 0.457
NOS 20 -0.155 0.089 -1.85 0.065 -0.299, 0.001
Baseline AP exposure 7 0.016 0.003 1.79 0.073 -0.000, 0.013
Type of CHR-P instrument 18
SIPS -0.508 0.280 -1.81 0.070 -1.061, 0.041
BSIP -0.145 0.555 -0.26 0.794 -1.233,0.943
Others -0.387 0.431 -0.90 0.368 -1.232,0.456
Visual learning
Age 13 -0.026 0.027 -0.98 0.328 -0.079, 0.0267
Sex male 13 0.007 0.006 1.05 0.293 -0.006, 0.020
Years of education 8 0.083 0.139 0.59 0.552 -0.191, 0.357
Caucasian n.a.
GAF n.a.
Psychotic positive symptoms 8 0.108 0.074 1.47 0.142 -0.036, 0.253
Psychotic negative symptoms 8 0.088 0.074 1.11 0.266 -0.059, 0.216
NOS 13 -0.019 0.064 -0.30 0.762 -0.145, 0.106
Baseline AP exposure n.a.
Type of CHR-P instrument 12
SIPS 0.164 0.200 0.82 0.410 -0.227, 0.557
Others 0.263 0.357 0.74 0.461 -0.447, 0.964
General Intelligence
Age 20 -0.015 0.031 -0.18 0.856 -0.087, 0.057
Sex male 20 0.002 0.008 -0.32 0.747 -0.019, 0.014
Years of education 8 0.049 0.156 0.30 0.765 -0.275,0.374
Caucasian n.a.
GAF 13 0.00 <0.001 1.30 0.193 <0.001
Psychotic positive symptoms 8 0.024 0.043 0.56 0.570 -0.060, 0.109
Psychotic negative symptoms 8 0.003 0.024 0.14 0.885 -0.044, 0.051
NOS 20 -0.034 0.098 -0.30 0.766 -0.245,0.138
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Baseline AP exposure 9 0.003 0.009 0.35 0.725 -0.015, 0.022

Type of CHR-P instrument 19
SIPS -0.031 0.200 -0.16 0.875 -0.424, 0.361
Premorbid 1Q
Age 12 0.065 0.075 0.86 0.391 -0.081,0.212
Sex male 11 0.021 0.015 1.40 0.160 -0.008, 0.051
Years of education 7 0.289 0.164 1.70 0.089 -0.042, 0.601
Caucasian n.a.
GAF 8 0.039 0.034 1.14 0.252 -0.027, 0.106
Psychotic positive symptoms 9 -0.031 0.059 -0.52 0.605 -0.148, 0.086
Psychotic negative symptoms 9 -0.009 0.103 -0.09 0.929 -0.211,0.192
NOS 12 0.017 0.116 0.15 0.877 -0.210, 0.246
Baseline AP exposure n.a.
Type of CHR-P instrument 12
SIPS 0.195 0.341 0.57 0.567 -0.472, 0.863
Others 0.458 0.445 1.03 0.303 -0.414, 1.333
Executive functioning
Age 29 0.001 0 0.04 0.966 -0.000, 0.000
Sex male 28 -0.003 0.009 -0.36 0.722 -0.022, 0.015
Years of education 18 0.070 0.089 0.79 0.432 -0.105, 0.246
Caucasian n.a
GAF 16 0 0 0.10 0.923 -0.000, 0.000
Psychotic positive symptoms 13 -0.054 0.050 -1.08 0.278 -0.153, 0.044
Psychotic negative symptoms 13 -0.070 0.047 -1.50 0.133 -0.162, 0.021
NOS 29 -0.014 0.075 0.05 0.961 -0.143, 0.151
Baseline AP exposure 13 0.001 0.009 -0.16 0.875 -0.018, 0.016
Type of CHR-P instrument 26
SIPS -0.151 0.247 -0.64 0.523 -0.626, 0.313
BSIP 0.187 0.588 0.32 0.752 -0.926, 1.270
BSABS -0.142 0.582 -0.24 0.807 -1.288, 0.999
Others -0.196 0.422 -0.46 0.649 -1.012, 0.639

n.a. not applied; Positive and negative psychotic symptoms measured by PANSS scale or SIPS; CAARMS
Comprehensive Assessment of At-Risk Mental States reference category in type of CHR-P instrument; SIPS
Structured Interview for Psychosis-risk Syndromes; BSIP Basel Screening Instrument for Psychosis; SPI-A
Schizophrenia Proneness Instrument-Adult; SPI-CY Child and Youth version; BSABS Bonn Scale for the
Assessment of Basic Symptoms; Others: Early Recognition Inventory (ERIraos), Positive and Negative
Syndrome Scale (PANSS) and Brief Psychiatric Rating Scale (BPRS)

© 2021 American Medical Association. All rights reserved.



eTable 12. Metaregressions CHR-transitioning vs CHR-P non transitioning

k 1] SE z p 95% CI

Processing Speed
Age 8 -0.077 0.035 -2.19 0.028 -0.155, -0.008
Sex male 8 -0.013 0.012 -1.16 0.244 -0.046, 0.009
Years of education n.a
Caucasian n. a.
GAF n.a
Positive psychotic symptoms n.a
Negative symptoms n.a
NOS 8 0.083 0.074 1.12 0.263 -0.062, 0.238
Baseline AP exposure n.a
Follow-up time 8 0.002 0.002 0.73 0.463 -0.003, 0.006
Type of CHR-P instrument n.a.

SIPS 0.038 0.203 0.15 0.88 -0.378, 0.439

SPI-A or SPI-CY -1.036 0.401 -2.56 0.01 -1.811,-0.241

General intelligence
Age 8 0.115 0.124 0.93 0.355 -0.139, 0.369
Sex male 8 -0.028 0.034 -0.55 0.583 -0.084, 0.047
Years of education n. a.
Caucasian n.a
GAF n.a
Positive psychotic symptoms n.a
Negative symptoms n.a
NOS 8 0.224 0.353 0.64 0.525 -0.477,0.916
Baseline AP exposure n.a
Follow-up time 8 -0.001 0.001 -0.78 0.437 -0.004, 0.002
Type of CHR-P instrument 8

SIPS -0.254 0.899 -0.28 0.778 -2.016, 1.508

n.a. not applied; Positive and negative psychotic symptoms measured by PANSS scale or SIPS; CAARMS Comprehensive
Assessment of At-Risk Mental States reference category in type of CHR-P instrument; SIPS Structured Interview for Psychosis-
risk Syndromes; BSIP Basel Screening Instrument for Psychosis; SPI-A Schizophrenia Proneness Instrument-Adult; SPI-CY
Child and Youth version; BSABS Bonn Scale for the Assessment of Basic Symptoms; Others: Early Recognition Inventory
(ERIraos), Positive and Negative Syndrome Scale (PANSS) and Brief Psychiatric Rating Scale (BPRS)
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eTable 13. Metaregressions: CHR-P vs FEP

k 1] SE z p 95% CI
Executive function
Age 7 0.059 0.047 1.25 0.210 -0.034, 0.153
Sex male 7 -0.016 0.012 -1.33 0.182 -0.041, 0.007
Years of education n.a
Caucasian n. a.
GAF n. a.
Positive psychotic
symptoms na
Negative symptoms n. a.
NOS 7 0.132 0.058 2.27 0.06 0.018, 0.246
Baseline AP exposure n. a.
Type of CHR-P instrument n.a

n.a. not applied; Positive and negative psychotic symptoms measured by PANSS scale or SIPS;
CAARMS Comprehensive Assessment of At-Risk Mental States reference category in type of
CHR-P instrument; SIPS Structured Interview for Psychosis-risk Syndromes; BSIP Basel
Screening Instrument for Psychosis; SPI-A Schizophrenia Proneness Instrument-Adult; SPI-CY
Child and Youth version, BSABS Bonn Scale for the Assessment of Basic Symptoms; Others:
Early Recognition Inventory (ERIraos), Positive and Negative Syndrome Scale (PANSS) and Brief
Psychiatric Rating Scale (BPRS)

eLimitations
In addition to the limitations addressed in the main text, we did not differentiate affective

vs non-affective psychoses at outcomes because these data were hardly ever reported by
the primary studies. Furthermore, the mean age of the samples and the associated follow-
up are not past the age of peak risk. Another limitation is that outcomes other than
transition to psychosis were not addressed because of the lack of longitudinal data.
Neurocognitive features remain relatively more highly predictive of functional outcomes
in both established schizophrenia spectrum and related psychotic disorders and their risk
states. Neurocognitive impairment is prominent, persistent and disabling across illness
phases. As such, future studies should fully investigate whether the neurocognitive
dysfunction observed in CHR-P individuals is associated with functional outcomes at
follow-up. This is particularly relevant considering that most CHR-P individuals who will
not transition to psychosis will nevertheless continue displaying functional impairment
over time (and therefore, these individuals cannot be truly defined as “false positives”),
with remission rates accounting for only 15% of the baseline sample!?®,

A further important limitation is that the comparison with HC groups may have amplified
the neurocognitive deficit observed. A subset of studies compared the neurocognitive
functioning with help-seeking samples, but these were not enough to perform sensitivity
analyses. However, we included a clinical comparison group composed of FEP patients.
An associated issue is that neurocognitive dysfunction is also common (i.e.

transdiagnostic) among psychiatric disorders (albeit to varying degrees). The CHR-P
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paradigm is already partially transdiagnostic, in light of the frequent non-psychotic
comorbidities (mostly affective or personality disorders'?’) and transdiagnostic
conceptualisation of some CHR-P assessment instruments (e.g. the CAARMS, which
allows comorbid mental disorders?). However, future studies should perform more
extensive transdiagnostic neurocognitive comparisons with other psychiatric and/or high-
risk samples. This would facilitate careful ascertainment of the specificity vs

transdiagnosticity!3%!3!

of cognitive biomarkers across different psychopathological
dimensions. Given the heterogeneity in the course and symptom profiles (including
neurocognitive profiles) of psychiatric disorders, characterising cognition in CHR-P
states may contribute to more homogeneous cross-disorder subtyping according to shared
phenotypic features (i.e., symptom profile, neurocognitive profile, brain-based
assessments, genetics, etc.). The neurocognitive dysfunctions observed in the current
study can, therefore, contribute to the broader literature on subtyping within and across

diagnostic groups based on neurocognitive features of psychiatric disorders and their risk

states.

A final limitation is that we did not address sensitivity to change over time and disorder
progression for the neurocognitive dysfunction observed!*?. Dynamic investigations of
the time course of neurocognitive and neurobiological alterations in CHR-P individuals

are emerging, and not enough studies are yet available for a meta-analytic summary.”
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