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ABSTRACT

Introduction Early-onset schizophrenia (EQS) is a rare
and severe condition. A higher rate of neurodevelopmental
abnormalities, such as intellectual or communication
impairments as well as attention deficit hyperactivity
disorder, is observed in EOS compared with adult-onset
schizophrenia. Early signs of autism spectrum disorders
(ASD) are present in about 30% of patients. Genetic
abnormalities, including copy number variations, are
frequent in neurodevelopmental disorders and have been
associated to ASD physiopathology. Implicated genes
encode proteins involved in brain development, synapses
morphology and plasticity and neurogenesis. In addition,
an increasing number of genetic abnormalities are shared
by EOS and ASD, underlying the neurodevelopmental
hypothesis of EOS. The main objective of our study is to
identify disease-causing genetic mutations in a cohort of
patients affected by both EOS and ASD. Special attention
will be paid to genes involved in neurodevelopmental
pathways.

Methods and analysis We describe a multicentric study
in a paediatric population. The study started in April 2014.
Inclusion criteria are: age 7—22 years, diagnosis of EOS
with comorbid ASD and 1Q >50; Parents and siblings are
also enrolled. We perform psychiatric assessments (Mini
International Neuropsychiatric Interview, Kiddie Schedule
for Affective Disorders and Schizophrenia -Present and
Lifetime Version, Positive and Negative Syndrome Scale
and Scale for the Assessment of Negative Symptoms)
together with neurocognitive evaluations (1Q, Trail Making
Test A/B and verbal fluency). Then, we study variants of
the coding part of DNA (exome), using next-generation
sequencing process on trio (mother, father and child).
Bioinformatics tools (RVIS and PolyPhen-2) are used to
prioritise disease-causing mutations in candidate genes.
The inclusion period will end in November 2019.

Ethics and dissemination The study protocol was
approved by the Local Ethic Committee and by the French

Strengths and limitations of this study

» University Child Psychiatry Department has rec-
ognised specialists in rare and severe disorders
such as Early-Onset Schizophrenia (EOS).

» Innovative clinical research protocol in the field of
child psychiatry associating psychiatric assess-
ments, neuropsychological explorations and DNA
next-generation sequencing of patients as well as
their parents and siblings.

» Collaboration with research may provide new under-
standing of the molecular mechanisms of the condi-
tion and could provide biomarkers for diagnosis and
treatment.

» Clinical research very challenging in EOS patients
and families (severity of illness and impact on indi-
vidual and family life), with limited sample size (rare
condition and regional enrolment) and difficulties in
involving both parents (separation, conflict, death
and so on).

» Exome analysis may miss causative mutations in
non-coding part of the genome.

National Agency for Medicines and Health Products Safety.
All patients signed informed consent on enrolment in the
study. Results of the present study should help to unravel
the molecular pathology of EOS, paving the way for an
early therapeutic intervention.

Trial registration number NCT0256552; Pre-results.

INTRODUCTION

Early-onset schizophrenia (EOS) is a rare
(1/5000 to 1/20 000) and severe chronic
psychiatric condition defined by an onset of
schizophrenia-positive symptoms (delusions,
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hallucinations and disorganised speech or behaviour)
before the age of 18."? Onset before 13 years of age is
called childhood-onset schizophrenia (COS).>*

A higher rate of neurodevelopmental abnormalities
is observed in EOS compared with adult-onset schizo-
phrenia (AOS), and patients typically have frequent
deficits in cognition, communication or neuromotor
impairments associated with attention deficit, hyper-
activity disorder (ADHD) or autism spectrum disorder
(ASD).E'"7 Furthermore, 28% of patients with COS in the
US cohort of the National Institute of Mental Health
Child Psychiatry Branch met criteria for comorbid ASD,”
and >80% of children with schizophrenia or schizoaffec-
tive disorder might present comorbid ADHD.” In addi-
tion, EOS (including COS) is a complex disorder related
to other neurodevelopmental disorders, and it represents
a real challenge for clinical diagnosis with,* to date, no
objective test based on genetics. Therefore, it is critical
to conduct a rigorous and homogeneous phenotypic
characterisation by using international classifications
such as International Classification of Diseases (ICD) or
Diagnostic and Statistical Manual of Mental Disorders
(DSM)*"” and by using standardised and internationally
validated psychiatric categorical assessments.

A few genetic studies of EOS are reported, due to the
very low prevalence' ? and to the nosographic difficulties
which made it difficult to obtain a consensual clinical
definition of this disorder and to carry out aetiological
studies. Interestingly, DSM, Fifth Edition (DSM-5) clas-
sification provides clarification in this area with schizo-
phrenia no longer excluding the diagnosis of ASD and
formalising the overlap between these two disorders. On
the other hand, DSM-5 does not recognise the specifici-
ties of EOS compared with adult onset schizophrenia."’

Submicroscopic cytogenetic abnormalities, such as
disease-related copy number variations (CNVs), are more
frequent in COS than in AOS (about 11%" ' vs 2%-5%,
p<0.0001'%). A high heritability rate of COS (>80%) has
also been suggested in early adoption/twin studies and
has been confirmed by familial aggregation studies."” '*
The fact that genome-wide association studies failed to
yield a genome-wide significant result in patients with
AOS appears to argue in favour of a polygenic basis of
EOS with hundreds of genes with small individual effects
being involved.” In EOS pathogeny, recent studies also
demonstrated the involvement of mutations in NRXNI
(2p16.3) and UPI3B (Xq24), crucial for development
and function of the brain."*'®

Next-generation sequencing (NGS) isa process to deter-
mine the entire DNA sequence of a given individual with
unprecedented throughput, scalability and speed. Whole-
exome sequencing (WES), a NGS method, corresponds
to an exhaustive analysis of the exome (the coding part of
the genome) thus helping to understand complex neuro-
developmental disorders such as EOS." To our knowl-
edge, until now, only two studies using WES have been
published in the field of EOS. Smedemark-Margulies and
colleagues described de novo heterozygous mutation

(c.385G>A) in the ATPIA3 gene (19q13.2)."® Another
cohort study using WES identified 20 de novo variants in
17 COS probands (rate: 1,17)'? in genes previously linked
to neuronal function or to psychiatric disorders."” These
arguments (phenotypic overlap with other neurodevelop-
mental disorders, high heritability, disease-related CNVs
and de novo SNPs rates) strongly support the neurode-
velopmental basis of schizophrenia® particularly of the
early onset subclass. In addition, our trio approach, both
at the clinical and genetic level, will help to better under-
stand transgenerational inheritance and to differentiate
de novo mutations from inherited ones.

METHODS AND ANALYSIS
Objectives
The main objective of this study is to identify disease
causing mutations primarily in genes involved in neuro-
developmental pathways in a cohort of patients affected
by EOS.

The secondary objectives are the characterisation of
the clinical and neurocognitive profiles of patients and
their first-degree relatives.

Trial design

GenAuDiss is a translational multicentre study. Patients
with EOS were initially recruited through the 2011-
2013 Interregional Hospital Clinical Research Program
(NCT01512641) whose main goal was to estimate the
prevalence of dissociative disorders in a population of
children in child psychiatry care or medico-education
structures. A total of 6 patients and 14 first-degree relatives
have been enrolled from this completed programme. In
addition, an enrolment in the present study is offered to
inpatients and outpatients corresponding to the inclusion
criteria of the investigator, Child and Adolescent Psychi-
atry (CAP) centres, as well as their first-degree relatives.
Participants are included either directly at the study sites
or after referral by child and adolescent psychiatrists of
the Provence-Alpes-Cote d'Azur (PACA) region.

The investigator centres of the GenAuDiss are the
Children’s Hospitals of Nice CHU-Lenval, the Marseille
University Hospital, the Hospital La Fontonne (Antibes)
and the Hospital Bonnet (Frejus). To date, 13 patients and
31 first-degree relatives (44 subjects in total) have been
included in the GenAuDiss study protocol. At inclusion
(V1), clinical assessments (both psychiatric and neuro-
cognitive) are performed in patients as well as first-degree
relatives (parents and siblings). Blood test are performed
in a second visit (V2) within 6 months. Study procedure,
visits and inclusion criteria are presented in table 1.

Inclusion criteria
The study is proposed to children and adolescents
presenting EOS with comorbid ASD and their first-degree
relatives.

Major inclusion criteria for patients:
» Age of 7-22 years.
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Table 1 GenAuDiss study procedure and evaluation criteria
Patient VO: Selection  V1:Inclusion V2

Inclusion criteria
Informed consent +

Medical
history+genealogical
tree +

Psychiatric evaluation

K-SADS-PL psychotic
disorders +

ADI-R +

K-SADS-PL (full) (DSM
4/5) +

SANS +

PANSS +
Neuropsychological evaluation

WISC-IV (abridged

version) +

1Q (full)*t +
Verbal fluency A
TMT A/TMT B +

Genetic testing
Blood tests +

Siblings/Parents VO: selection  V1:Inclusion V2

Inclusion criteria

Informed consent +

Medical history +
Psychiatric evaluation

K-SADS-PL (full version) +

or MINI/MINI-S (DSM

4/5)F

AQ +

TCI 226 (parents only) +

Neuropsychological evaluation
1Q (abridged version) *t +
Genetic testing
Blood tests +

*Clinical tools are selected dependent on patient’s age.
TNeurocognitive tools: < 7: WPPSI; 7-16: WISC; > 16: WAIS.
FPsychiatric tools: < 17: K-SADS-PL; > 16: MINI.

ADI-R, Autism Diagnostic Interview—Revised; AQ, Autism Quotient;
1Q, intelligence quotient; DSM, Diagnostic and Statistical Manual
of Mental Disorders; K-SADS-PL, Kiddie Schedule for Affective
Disorders and Schizophrenia-Present and Lifetime Version;
MINI-S, Mini International Neuropsychiatric Interview—Simplified;
PANSS: Positive and Negative Syndrome Scale; SANS, Scale for
the Assessment of Negative Symptoms; TCI, Temperament and
Character Inventory; TMT, Trail Making Test; WAIS, Wechsler Adult
Intelligence Scale; WISC, Wechsler Intelligence Scale for Children;
WPPSI, Wechsler Preschool and Primary Scale of Intelligence.

» Diagnosis of EOS (onset before age 18), diagnosed
by the semistructured interview Kiddie Schedule for
Affective Disorders and Schizophrenia—Present and Lifetime
Version (K-SADS-PL) psychosis section.

» Diagnosis of ASD (Autism Diagnostic Interview-Revised
(ADI-R).
» 1Q =50 at Wechsler Intelligence Scale for Children (WISC-
IV, abridged version).
Major inclusion criteria for parents and siblings:
» First-degree biological relationship (no adoption)
with the index patient.

Exclusion criteria

» Refusal or withdrawal of consent.
» Children without verbal language.
» Adults protected by law (relatives).

Measures

Quantitative and qualitative measures are assessed during

the study (summarised in table 1):

» Clinical parameters from medical history (including
pregnancy, birth and so on) and biographic parame-
ters, types and dates of significant life events including
trauma and environmental exposures (eg, drugs and
substances).

» Clinical parameters from physical examination (eg,
body weight, body mass index, arterial pressure).

» Semistructured interviews to assess main diagnosis at
inclusion (K—SADS—PL,21 ADI—R,22 Mini International
Neuropsychiatric Interview (MINI) %24,

» Clinical heteroassessments with specific rating scales
(WISC-IV® or -V,* Positive and Negative Syndrome
Scale (PANSS),27 Scale for the Assessment of Negative
Symptoms (SANS)? Trail Making Test (TMT) A, TMT
B and verbal fluency).

» Self-report questionnaires (Cloninger’s Temperament
and Character Inventory (TCI) 226 and® *° Baron
Cohen’s Autism Quotient (AQ)sl);

» Genetic analysis (including DNA testing for fragile-X
syndrome, high-resolution karyotype, DNA CNVs
from CGH array, DNA SNPs from exome sequencing).

Data collection process

Each investigator at study sites is responsible for collecting
and entering data on the CRF paperwork at the time of
the visit and for realising quality check of the data and
regulation requirements. Results will be manually entered
in the database by the clinical research assistants at the
main investigator study centre. In order to avoid missing
data or filling errors, a double-check will be carried out
before freezing of the database. Data extraction and anal-
ysis of the database will be performed by the Department
of Clinical Research and Innovation (DRCI) of the Nice
University Hospital.

Statistical analysis

Statistical analysis will be conducted by the DRCI of
the Nice University Hospital. A descriptive analysis of
all collected parameters will be performed. For contin-
uous variables (eg, age and weight), indicators such as
the mean, SD and range values will be calculated. Cate-
gorical data will be presented by means of frequency (n,
%). Changes in the parameters and in the distribution
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of categorical variables from baseline to follow-up points
will be tested with univariate analysis using appropriate
testing according to the type of variable and distribution.
In addition, multivariate analysis will be carried out to
investigate putative relationships between variables. Level
of significance for the p value was fixed at <0.05.

Outcomes

The main objective is to expand the repertoire of the

genetic abnormalities associated to EOS phenotypes by

performing:

» WES on trio (mother, father and child).

» Bioinformatics analysis and variant prioritisation using
validated tools (RVIS and Polyphen2)™ * and strate-
gies in accordance with international guidelines.”*

The secondary objectives of the GenAuDiss study are
the characterisation of the clinical and neurocognitive
profile of patients and their first-degree relatives.

Clinical profile:

» K-SADS-PL for DSM IV-TR/DSM-5 comorbid psychi-
atric diagnosis of patients and minor siblings.

» MINI assessments for DSM IV-TR/DSM five psychi-
atric diagnosis of parents and major siblings.

» Evaluation of the intensity of positive and negative
symptoms, general psychopathology and subtypes of
schizophrenia using PANSS/SANS.

» Personality dimensional test using computerised
version of TCI 226 (Cloninger) in parents.

» Autistic traits using AQ (Baron-Cohen) in siblings and
parents.

Neurocognitive profile:

» Evaluation of executive and attentional functions of
patients using Trail Making Test (TMT) A and B and
verbal fluency.

» WISCIV or WISC-V, full version in patient and
WISC-IV abridged version in minor siblings; Wechsler
Adult Intelligence Scale-III in a short form in adult
siblings and parents.” *°

Patient and public involvement

Results will systematically be transmitted with patients
and legal caregivers. Results will also be discussed with
the referent psychiatrist of child psychiatry care and/
or medico-education structures. Patients have not been
directly evolved in the study design. Nevertheless, our
clinical experience and collaboration with families and
care structures helped us to design this study, especially
the clinical evaluation protocol.

DISCUSSION

This project is based on a translational cross-sectional
study protocol that aims to gain further understanding
of the pathogenic molecular mechanisms of EOS. In
fact, even if genomics is more and more often used for
the diagnosis of human diseases including psychiatry,37
the pathophysiology of EOS still needs to be elucidated.
Importantly, to date, contrary to other neuropsychiatric

pathologies (eg, Alzheimer’s disease)™ only two studies
describe the WES genetic approach in patients with
FOS. 1819

Furthermore, the known genetic heterogeneity of
adult onset schizophrenia spectrum disorders imposes
to build up models that consider the interplay between
several factors. In fact, the ‘two-hit’ hypothesis proposes
to consider the impact of at least two genetic or clinical
factors (CNV+CNV, CNV+SPN or CNV+epigeneticimpact
of trauma and so on).*

Perspectives

Mutated genes will be classified according to their patho-
genic level, and the most likely disease causing candidate
mutations will be studied by a research team expert in
neuroscience (Laboratory ‘RNA Metabolism and Neuro-
developmental Disorders’, Dr. Barbara Bardoni, IPMC,
CNRS, France). Further study of gene expression levels
and in vivo cell activity in animal models will help predict
the impact of the mutation on the protein structure and
function. Finally, better understanding of EOS pathophys-
iology should help to develop objective diagnosis tools,
early intervention and targeted treatment strategies.

Limitations of the study

EOS is a rare (1,/5000 to 1/20 000)'? and severe mental
disorder with a major impact on patients, families and
care givers. The follow -up as well as inclusions in research
protocols are therefore very challenging and need an
experienced multidisciplinary team. Social precarious-
ness, geographical distance from the hospital and diffi-
culties of reach both parents (eg, because of separation,
conflict or death) might be significant obstacles limiting
sample size.

ETHICS AND DISSEMINATION

The study protocol was authorised by the French National
Agency for Medicines and Health Products Safety (ANSM
2013-A01699-36). All patients, their parents and siblings
signed informed consent on enrolment in the study.

Author affiliations

'Child and Adolescent Psychiatry, Children’s Hospitals of Nice CHU-Lenval, Nice,
France

2CoBTek, Université Cote d'Azur, Nice, France

SCNRS UMR7275, Université Cote d'Azur, Institut de Pharmacologie Moléculaire et
Cellulaire, Valbonne, France

*CNRS LIA « Neogenex », Université Cote d'Azur, Valbonne, France

SChild and Adolescent Psychiatry, AP-HM, Hospital Sainte-Marguerite, Marseille,
France

Acknowledgements The authors are grateful to Mauro Grossi for technical help
and to Maria Capovilla for revising the manuscript.

Contributors AF, ST, FA, ED, BB: contributed to the conceptualisation of the
GenAuDiss study and preparation of grant application. AF, ED, GL, FP, M-LM:
clinical assessments of the patients. AF, BB, TM, MD: genetic analysis. AF and ST:
drafting the first version of the manuscript. All authors have revised first version of
the manuscript critically for important intellectual content and approved the final
version; involved in the interpretation of results. .

4

Fernandez A, et al. BMJ Open 2018;8:€023330. doi:10.1136/bmjopen-2018-023330



Funding This work was supported by Monaa (Monaco Against Autism), the Conseil
Général des Alpes-Maritimes (CG-06), FRM (Fondation pour la Recherche Médicale,
ING20140129004 to TM and BB), by ANR (Agence Nationale de la Recherche,
ANR-11-LABX-0028-01 to BB) and Fondation J. Lejeune (to BB). MD is recipient of
a fellowship of the PhD international Signalife program.

Competing interests None declared.
Patient consent Obtained.
Ethics approval ‘Sud Méditerrané V' (number 14.002)

Provenance and peer review Not commissioned; peer reviewed for ethical and
funding approval prior to submission.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1. Hafner H, Nowotny B. Epidemiology of early-onset schizophrenia.
Eur Arch Psychiatry Clin Neurosci 1995;245:80-92.

2. Okkels N, Vernal DL, Jensen SO, et al. Changes in the diagnosed
incidence of early onset schizophrenia over four decades. Acta
Psychiatr Scand 2013;127:62-8.

3. Nicolson R, Rapoport JL. Childhood-onset schizophrenia: rare but
worth studying. Biol Psychiatry 1999;46:1418-28.

4. Gochman P, Miller R, Rapoport JL. Childhood-onset schizophrenia:
the challenge of diagnosis. Curr Psychiatry Rep 2011;13:321-2.

5. Vourdas A, Pipe R, Corrigall R, et al. Increased developmental
deviance and premorbid dysfunction in early onset schizophrenia.
Schizophr Res 2003;62(1-2):13-22.

6. Rapoport J, Chavez A, Greenstein D, et al. Autism spectrum
disorders and childhood-onset schizophrenia: clinical and biological
contributions to a relation revisited. J Am Acad Child Adolesc
Psychiatry 2009;48(1):10-18.

7. Ross RG, Heinlein S, Tregellas H. High rates of comorbidity are found
in childhood-onset schizophrenia. Schizophr Res 2006;88:90-5.

8. World health O. The ICD-10 classification of mental and behavioural
disorders: clinical descriptions and diagnostic guidelines. World
Health Organization 1992.

9. American psychiatric association, American psychiatric association.
DSM-IV-TR: Diagnostic and statistical manual of mental disorders,
text revision. Washington, DC: American Psychiatric Association,
2000:75;78-85.

10. American Psychiatric A, et al. Diagnostic and statistical manual of
mental disorders (DSM-5®). American Psychiatric Pub 2013.

11. Nicolson R, Giedd JN, Lenane M, et al. Clinical and neurobiological
correlates of cytogenetic abnormalities in childhood-onset
schizophrenia. Am J Psychiatry 1999;156:1575-9.

12. Ahn K, Gotay N, Andersen TM, et al. High rate of disease-related
copy number variations in childhood onset schizophrenia. Mol
Psychiatry 2014;19:568-72.

13. Sullivan PF, Kendler KS, Neale MC. Schizophrenia as a complex trait:
evidence from a meta-analysis of twin studies. Arch Gen Psychiatry
2003;60:1187-92.

14. Asarnow RF, Forsyth JK. Genetics of childhood-onset schizophrenia.
Child Adolesc Psychiatr Clin N Am 2013;22:675-87.

15. Purcell SM, Wray NR, Stone JL, et al. Common polygenic variation
contributes to risk of schizophrenia and bipolar disorder. Nature
2009;460:748-52.

16.

20.

21.

22.

23.

24.
25.
26.
. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.

Addington AM, Gauthier J, Piton A, et al. A novel frameshift
mutation in UPF3B identified in brothers affected with childhood
onset schizophrenia and autism spectrum disorders. Mol Psychiatry
2011;16:238-9.

Veltman JA, Brunner HG. De novo mutations in human genetic
disease. Nat Rev Genet 2012;13:565-75.

Smedemark-Margulies N, Brownstein CA, Vargas S, et al. A novel de
novo mutation in ATP1A3 and childhood-onset schizophrenia. Cold
Spring Harb Mol Case Stud 2016;2:a001008.

Ambalavanan A, Girard SL, Ahn K, et al. De novo variants in
sporadic cases of childhood onset schizophrenia. Eur J Hum Genet
2016;24:944-8.

Rapoport JL, Giedd JN, Gogtay N. Neurodevelopmental model of
schizophrenia: update 2012. Mol Psychiatry 2012;17:1228-38.
Kaufman J, Birmaher B, Brent D, et al. Schedule for Affective
Disorders and Schizophrenia for School-Age Children-Present and
Lifetime Version (K-SADS-PL): initial reliability and validity data. J Am
Acad Child Adolesc Psychiatry 1997;36:980-8.

Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-
Revised: a revised version of a diagnostic interview for caregivers

of individuals with possible pervasive developmental disorders. J
Autism Dev Disord 1994;24:659-85.

Sheehan DV, Lecrubier Y, Sheehan KH, et al. The Mini-International
Neuropsychiatric Interview (M.I.N.1.): the development and validation
of a structured diagnostic psychiatric interview for DSM-IV and ICD-
10. J Clin Psychiatry 1998;59 Suppl 20:2233.

Lecrubier Y, Weiller E, Hergueta T, et al. Mini International
Neuropsychiatric Interview French Version 5.0. 0. Paris, France:
INSERM, 1998.

Wechsler D. WISC-IV: Wechsler Intelligence Scale for Children,
Integrated: Technical and Interpretive Manual: Harcourt Brace and
Company, 2004.

Wechsler D. WISC-V. NCS Pearson: Incorporated, 2014.

scale (PANSS) for schizophrenia. Schizophr Bull 1987;13:261-76.
Andreasen NC. Scale for the Assessment of Negative Symptoms
(SANS). The British Journal of Psychiatry 1989.

Robert CC, Thomas RP, Dragan MS, et al. TheTemperament and
Character Inventory (TCI): A guide to its developmentand use. 1994.
Pélissolo A, Veysseyre O, Lépine JP. Validation of a computerized
version of the temperament and character inventory (TCI) in
psychiatric inpatients. Psychiatry Res 1997;72:195-9.
Baron-Cohen S, Wheelwright S, Skinner R, et al. The autism-
spectrum quotient (AQ): evidence from Asperger syndrome/
high-functioning autism, males and females, scientists and
mathematicians. J Autism Dev Disord 2001;31:5-17.

Petrovski S, Wang Q, Heinzen EL, et al. Genic intolerance to
functional variation and the interpretation of personal genomes.
PLoS Genet 2013;9:e1003709.

Adzhubei IA, Schmidt S, Peshkin L, et al. A method and server

for predicting damaging missense mutations. Nat Methods
2010;7:248-9.

Richards S, Aziz N, Bale S, et al. Standards and guidelines

for the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology. Genet Med
2015;17:405-283.

Wechsler D. WAIS-IIl:Wechsler adult intelligence scale: Psychological
Corporation, 1997.

Grégoire J, Wierzbicki C. Comparaison de quatre formes abrégées
de I’échelle d’intelligence de Wechsler pour adultes — troisieme
édition (WAIS-IIl). Revue Européenne de Psychologie Appliquée/
European Review of Applied Psychology 2009;59:17-24.

Ginsburg GS, Willard HF. Genomic and personalized medicine:
foundations and applications. Trans/ Res 2009;154:277-87.
Bettens K, Sleegers K, Van Broeckhoven C. Genetic insights in
Alzheimer's disease. Lancet Neurol 2013;12:92-104.

Bayer TA, Falkai P, Maier W. Genetic and non-genetic vulnerability
factors in schizophrenia: the basis of the "two hit hypothesis". J
Psychiatr Res 1999;33:543-8.

Fernandez A, et al. BMJ Open 2018;8:€023330. doi:10.1136/bmjopen-2018-023330


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1007/BF02190734
http://dx.doi.org/10.1111/j.1600-0447.2012.01913.x
http://dx.doi.org/10.1111/j.1600-0447.2012.01913.x
http://dx.doi.org/10.1016/S0006-3223(99)00231-0
http://dx.doi.org/10.1007/s11920-011-0212-4
http://dx.doi.org/10.1016/S0920-9964(02)00429-2
http://dx.doi.org/10.1097/CHI.0b013e31818b1c63
http://dx.doi.org/10.1097/CHI.0b013e31818b1c63
http://dx.doi.org/10.1016/j.schres.2006.07.006
http://dx.doi.org/10.1176/ajp.156.10.1575
http://dx.doi.org/10.1038/mp.2013.59
http://dx.doi.org/10.1038/mp.2013.59
http://dx.doi.org/10.1001/archpsyc.60.12.1187
http://dx.doi.org/10.1016/j.chc.2013.06.004
http://dx.doi.org/10.1038/nature08185
http://dx.doi.org/10.1038/mp.2010.59
http://dx.doi.org/10.1038/nrg3241
http://dx.doi.org/10.1101/mcs.a001008
http://dx.doi.org/10.1101/mcs.a001008
http://dx.doi.org/10.1038/ejhg.2015.218
http://dx.doi.org/10.1038/mp.2012.23
http://dx.doi.org/10.1097/00004583-199707000-00021
http://dx.doi.org/10.1097/00004583-199707000-00021
http://dx.doi.org/10.1007/BF02172145
http://dx.doi.org/10.1007/BF02172145
http://dx.doi.org/10.1093/schbul/13.2.261
http://dx.doi.org/10.1016/S0165-1781(97)00099-1
http://dx.doi.org/10.1023/A:1005653411471
http://dx.doi.org/10.1371/journal.pgen.1003709
http://dx.doi.org/10.1038/nmeth0410-248
http://dx.doi.org/10.1038/gim.2015.30
http://dx.doi.org/10.1016/j.erap.2007.08.003
http://dx.doi.org/10.1016/j.erap.2007.08.003
http://dx.doi.org/10.1016/j.trsl.2009.09.005
http://dx.doi.org/10.1016/S1474-4422(12)70259-4
http://dx.doi.org/10.1016/S0022-3956(99)00039-4
http://dx.doi.org/10.1016/S0022-3956(99)00039-4

	Exploration and characterisation of the phenotypic and genetic profiles of patients with early onset schizophrenia associated with autism spectrum disorder and their first-degree relatives: a French multicentre case series study protocol (GenAuDiss)
	Abstract
	Methods and analysis
	Objectives
	Trial design
	Inclusion criteria
	Exclusion criteria
	Measures
	Data collection process
	Statistical analysis
	Outcomes
	Patient and public involvement

	Discussion
	Perspectives
	Limitations of the study

	Ethics and dissemination
	References


