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Supplementary Results
Single-disorder effects of diagnosis
We found both similar and distinct patterns of CT differences when compared to controls across
all three disorders (Supplementary Figure 4); increased CT was most prominent in ASD, and less
so in ADHD and SCZ. Decreased CT was strongest in SCZ, less in ADHD, and extremely limited in
ASD. Findings for ADHD did not survive FDR correction. From here on, all findings—including
subthreshold results will be shown for completeness to illustrate the full spectrum of findings
across disorders, and to aid future studies and hypotheses generation. Within individual
disorders, we found the following for CT:
1. ASD presented with diffuse increases in CT (after FDR correction at q < 0.05). These
regions included middle and orbitofrontal, pre- and post-central, superior temporal, and
lateral occipital along both hemispheres. Although decreases in CT were observed
(cooler colours) along the medial temporal, superior frontal, and medial occipital lingual
regions, they did not survive FDR correction.
2. ADHD mostly demonstrated subtle grey matter reductions, along with some increases;
however, these findings did not survive FDR correction. At a liberal threshold of p < 0.05,
we found decreased CT in the cingulate, superior and middle temporal, postcentral and
the cuneus.
3. SCZ subjects displayed highly significant (q < 0.05) widespread decreases in CT, spanning
fronto-temporal lobes and extending to the occipital. Superior regions of the precentral
and postcentral gyrus showed increased CT.
Based on initial qualitative examinations of these results, we noted some similar patterns of
increased CT along the precentral and postcentral gyri, potentially indicating common
disruptions to the somatomotor cortices across all three disorders. However, these differences
were heterogeneous and do not survive FDR correction in ADHD and SCZ; in ASD, significant CT
increase in the somatomotor cortices are observed and survive FDR correction.
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SA differences showed greater consistency across disorders than CT, as the distribution of effect
sizes leaned more towards decreased SA (negative Cohen’s d) (Supplementary Figure 4).
Further, in comparison to CT, SA differences were less diffuse and generally of focal nature in
ASD and ADHD but more diffuse in SCZ. Findings in ASD did not survive FDR correction, while
ADHD (right hemisphere only; q < 0.05) and SCZ findings did (q < 0.05). Within disorders, the
following regions were most significant:
1. In contrast to CT, ASD presented with predominant SA reductions across the cortex
(Supplementary Figure 4), however the strongest effects were within those regions
displaying SA increases. At an uncorrected p < 0.05, increased and decreased SA is
observed in the medial temporal lobe (parahippocampal-entorhinal) and precentral
gyrus, respectively (Figure 2a).
2. ADHD also presented with both increases and decreases in SA, while the magnitude of
decrease was greater than in ASD (Figure 2b). Results were more significant for the right
hemisphere (q < 0.05) than the left (p < 0.05). In the left hemisphere, prominent
reductions in SA were found along the lateral frontal cortex and posterior cingulate
(Supplementary Figure 4). In the right hemisphere, the only region surviving FDR
correction (q < 0.05) was the superior parietal gyrus showing reduced SA (Supplementary
Figure 4).
3. Similar to CT, SCZ presented with highly significant reductions in SA (q < 0.05), along
similar regions as in CT spanning fronto-temporal lobes, extending into occipital and
parietal lobes both medially and laterally (Supplementary Figure 4). It must be noted
that SCZ was the only disorder that presented with only SA reductions, while ASD and
ADHD presented with both increases and decreases in SA (Supplementary Figure 4).

Combined-disorder effects of diagnosis
Combining any two disorders in one meta-analysis generally produced three distinct findings
along the cortex: 1. Increased significance in certain regions due to same direction of effect in
both disorders (i.e. decreased CT/SA in both ADHD and SCZ), 2. Decreased significance due to
divergent effects in two disorders (i.e. increased CT/SA in ASD, but decreased in SCZ), or 3.
3

Appendix 1 to Park MTM, Raznahan A, Shaw P, et al. Neuroanatomical phenotypes in mental illness: identifying convergent
and divergent cortical phenotypes across autism, ADHD and schizophrenia. J Psychiatry Neurosci 2018.

DOI: 10.1503/jpn.170094

Online appendices are unedited and posted as supplied by the authors.

Novel regions not detected in single-disorder analysis, possibly due to increased power. With
regards to CT, the following patterns were found:
1. ASD and ADHD combined show absence of effects that survive FDR correction. At p <
0.05 uncorrected, trends towards increased CT in medial frontal, occipital, and superior
temporal gyri were observed (Supplementary Figure 5). However, these findings show
limited similarity in patterns of altered CT between ASD and ADHD since no regions
survived FDR correction suggesting variability in the cortical thickness alterations
observed in these disorders.
2. Combining ASD and SCZ resulted in significant findings after FDR correction
(Supplementary Figure 5). In particular, increased CT in left precentral (q < 0.05) and
decreased CT in right medial temporal gyri (q < 0.05) were observed across disorders
(Supplementary Figure 4).
3. ADHD and SCZ combined showed widespread reductions in CT along the fronto-temporal
lobes (q < 0.05). Both disorders demonstrated decreased cortical thickness in these
regions (Supplementary Figure 5).
There was significant heterogeneity in local measures of CT and patterns of alterations between
all three disorders—however, the combination of ADHD and SCZ yields the most dominant
findings due to similarity in direction of effects along the fronto-temporal cortices. With regards
to SA, we found similar patterns of combined effects from independent disorders. ASD and
ADHD displayed common decreases in SA in medial temporal gyri, while not significant after FDR
correction. ASD and SCZ also showed decreased SA in precentral and angular gyri (q < 0.05),
suggesting that reduced surface area in the precentral gyrus may be common across all three
disorders. ADHD and SCZ produced similar findings as the patterning observed in the CT
analysis.

Searching for local convergence between imaging modalities
In assessing cross-modal homology in our findings, we first examined vertex-wise overlap
between structural and Neurosynth results. There was minimal overlap between the CT and SA
changes shared by all 3 diagnoses and the brain which showed analogous functional activity
alterations in all 3 diagnoses (Supplementary Figure 11). By examining overlap between: 1.
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Vertices with significant CT or SA effects after FDR correction in the combined analysis (Figure
2b), and 2. Vertices common across all three disorders in Neurosynth (Supplementary Figure
11), we aimed to assess how local structural findings align with altered patterns in fMRI findings.
We found minimal cross-modal convergence between structural and functional neuroimaging
(Supplementary Figure 11), even after using the liberal threshold of q < 0.20 for CT results in the
left hemisphere. The overlap was not significant for either CT or SA (p > 0.5) when assessed
using the hypergeometric test. This indicates there may be minimal cross-modal homology
between SA and CT phenotypes with previous functional findings.

Post-hoc analyses
Lastly, we studied the behavior of NSEA in cases with high NES but lack of significance after
permutation testing, and low NES with significant enrichment detected. To do this, we
examined the ES curve for the dorsal attention SA network between ASD and SCZ. In ASD, the
dorsal attention network showed significant negative enrichment (NES= -0.56, q < 0.05) while
the same network in SCZ displayed a high NES yet not significant (NES= -1.73). The ES curve for
ASD, overall show greater clustering of vertices along the ranked list (Figure 4c, left column) as
indicated by the contours of the ES curve and barcode graph below. The ES curve for SCZ shows
much less clustering (Figure 4c, right column). The difference in clustering of vertices also shown
by the steep slope of the ES curve towards the end of the walk (Figure 4c, black arrow), vs. less
steep slope for SCZ (Figure 4c, red arrow). However, the ASD ES curve show small step sizes for
each step in the walk as indicated by the low magnitude of ES, while the SCZ ES curve shows
larger step sizes. This indicates that while magnitude of SA alterations for ASD are much less
than that of SCZ, the effects seen for ASD are non-random and enriched for the dorsal attention
network while in SCZ the pattern of decreased SA presents with strong effects, but random and
not specifically targeting the network. Based on this, we interpret that the magnitude of NES has
little to do with the enrichment of effects within a given network but rather indicates the
direction where enrichment is strongest in (i.e. within cortical thinning or thickening) and the
average effect sizes across the network. Additional post-hoc analyses revealed that there is no
correlation between network size and NES (r= 0.076, p= 0.46), nor to magnitude of p values (as
negative log; r= 0.055, p= 0.60). Further, there was no significant difference in NES values across
dilations of the Yeo parcellations (Supplementary Figure 2; p range 0.91 – 0.99).
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Supplementary Figures

Supplementary Figure 1. Age distributions across ADHD, ASD, and SCZ sites between healthy
controls and patients.
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Supplementary Figure 2. a) RSN parcellation adapted from a previous study(1), b) Surface
representations of networks across 0-3 median dilations to ensure adequate coverage of
cortical vertices and assignment of RSNs to each.
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Supplementary Figure 3. Neurosynth meta-analyses for ASD, ADHD, and SCZ, denoting regions
before (green) and after (salmon) 3 median dilations.
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Supplementary Figure 4. Meta-analysis of single-disorder effects relative to healthy controls
across ASD, ADHD, and SCZ. Colour bars indicate direction of effect (Cohen’s d), with warmer
colours (red) indicating increased CT/SA and cooler colours (blue) indicating decreased CT/SA
compared to controls. Significance levels after FDR correction (or lack thereof) are noted above
in the second panels.
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Supplementary Figure 5. Meta-analysis of paired-disorder effects relative to healthy controls
across ASD-ADHD, ASD-SCZ, and ADHD-SCZ. Colour bars indicate direction of effect (Cohen’s d),
with warmer colours (red) indicating increased CT/SA and cooler colours (blue) indicating
decreased CT/SA compared to controls. Significance levels after FDR correction (or lack thereof)
are noted above in the second panels.
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Supplementary Figure 6. Spatial similarity in brain regions effected across disorders, y-axis
indicates Pearson’s r computed for –log(p values) between disorders. a) Whole cortex
correlations between disorders, and b) Correlations within RSNs. When we constrained to RSNS,
we observed a heterogeneous pattern of correlations between disorders across the 7 networks.
Amongst these, only the CT dorsal attention network was positively correlated across all three
pairings.
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Supplementary Figure 7. Forest plots of peak regions of significance from the combined metaanalysis of all three disorders showing disorder-specific effect size directions.
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Supplementary Figure 8. Moderator analysis in ASD examining effects of mean age, sex, and
MRI field strength on effects of diagnosis. Colored regions indicate uncorrected significance (p <
0.05).
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Supplementary Figure 9. Moderator analysis in ADHD examining effects of mean age, sex, and
MRI field strength on effects of diagnosis. Colored regions indicate uncorrected significance (p <
0.05).
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Supplementary Figure 10. Moderator analysis in SCZ examining effects of mean age, sex, and
MRI field strength on effects of diagnosis. Colored regions indicate uncorrected significance (p <
0.05).
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Supplementary Figure 11. Assessing cross-modal homology comparing structural MRI to
Neurosynth fMRI findings at the local vertex-wise level. Column 1: CT findings surviving FDR
correction at q= 0.20, 0.05 for left and right respectively, with red vertices (right entorhinal)
indicating overlapping vertices to Neurosynth. Column 2: Neurosynth meta-analyses for ASD,
ADHD, and SCZ combined to examine overlap, with red vertices indicating common vertices
across all three. Column 3: SA findings surviving FDR correction at q= 0.05 for both
hemispheres, with red vertices indicating overlapping vertices to Neurosynth.
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Imaging data used in this manuscript was accessed from various publically available repositories
between April 2015 and July 2015. The table below is a description of all datasets and
acknowledgement of funding agencies. We would like to thank all those listed for their
contributions, as outlined in Supplementary Tables 1 and 2.
Supplementary Table 1. Demographic information and methods of diagnosis per site as
reported on websites listed in Supplementary Table 2.

ADI-R: Autism Diagnostic Interview Revised, ADOS: Autism Diagnostic Observation Schedule, ADOS-G: Autism Diagnostic Observation ScheduleGeneral, AQ: Autism Quotient questionnaire, C-DIS-IV: Computerized Diagnostic Interview Schedule IV, CPRS-LV: Conners' Parent Rating ScaleRevised, Long version, CPRS-R: Connors' Parent Rating Scale-Revised, CRS: Connors' Rating Scale, DARS-IV: DuPaul ADHD Rating Scale-IV, DIVAIV: Diagnostic Interview for Children and Adolescents, Fourth Edition, KSADS-E: Kiddie Schedule for Affective Disorders and Schizophrenia:
Epidemiologic Version, KSADS-I: Kiddie Schedule for Affective Disorders and Schizophrenia, KSADS-PL: Schedule of Affective Disorders and
Schizophrenia for Children—Present and Lifetime Version, SAPS: Scale for the Assessment of Positive Symptoms, SANS: Scale for the Assessment
of Negative Symptoms, SCID: Structured Clinical Interview used for DSM Disorders, SCQ: Social Communication Questionnaire, SRS: Social
Responsiveness Scale.
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Supplementary Table 2. Summary of data sources, acknowledgements, and sources of funding.
Site
ABIDECaltech

Acknowledgements and sources of funding (where
Website
applicable)
Simons Foundation (SFARI-07-01), National Institute of Mental http://fcon_1000.projects.
Health (R01 MH080721)
nitrc.org/indi/abide/

ABIDECarnegie
Mellon
University
ABIDEKennedy
Krieger
Institute
ABIDEUniversity of
Leuven

NICHD/NIDCD PO1/U19
which is part of the NICHD/NIDCD Collaborative Programs for
Excellence in Autism, Simons Foundation.

ABIDEOregon
Health &
Science
University
ABIDE-Olin,
Institute of
Living at
Hartford

NIH R00 MH091238, R01 MH096773, R01 MH086654, Simon
Foundation, Inc.

Autism Speaks Foundation, National Institute of Neurological
Disorders and Stroke: R01 NS048527.

Flanders Fund for Scientific Research (FWO projects
G.0758.10), FWO postdoctoral Research fellowship grant, grant
P6/29 from the Interuniversity Attraction Poles program of the
Belgian federal government. This study has been conducted in
collaboration with the Leuven Autism Research Consortium
(LAuRes), funded by the Research Council of the University of
Leuven (IDO/08/013).
ABIDE-Ludwig Maximilians
University
Munich
ABIDE-NYU NIH (K23MH087770; R21MH084126; R01MH081218;
Langone
R01HD065282), Autism Speaks, The Stavros Niarchos
Medical
Foundation, The Leon Levy Foundation, an endowment
Center
provided by Phyllis Green and Randolph Co̅wen.

Autism Speaks, Hartford Hospital.
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Hospital
ABIDEUniversity of
Pittsburgh
ABIDE-Social
Brain Lab

ABIDE-San
Diego State
University
ABIDEStanford

Autism Speaks Grant 04593, KO1 NIMH MH081191, NIMH
MH67924, NIH HD55748.
Nederlandse Organisatie voor Wetenschappelijk Onderzoek
(NWO) Cognitive Pilot Project (051.07.003), NWO VIDI (452-04305), NWO Open Competition (400-08-089), European
Commission, Marie Curie Excellence Grant (MEXT-CT-2005023253)
National Initiative for Brain and Cognition NIHC HCMI
Functional Markers (056-13-014), National Initiative for Brain
and Cognition NIHC HCMI Simulation and TOM (056-13-017),
Netherlands Brain Foundation (KS 2010(1)-29).
NIH R01-MH081023

National Institute of Mental Health Career Development Award
[K01MH092288], Stanford Institute for Neuro-Innovation &
Translational Neurosciences, National Institutes of Health
[DC011095, MH084164].
ABIDE-Trinity The Meath Foundation, Adelaide and Meath Hospital,
Centre for
incorporating the National Children's Hospital (AMNCH),
Health
Tallaght, and travel fellowship by the Kyulan Family
Sciences
Foundation.
ABIDE-UCLA UCLA Autism Center of Excellence, NICHD P50 HD055784,
NIMH 1R01 HD065280-01
ABIDEAutism Speaks, NIH U19 HD035482, NIH MH066496, Autism
University of Speaks Pre-doctoral Fellowship 4773, Michigan Institute for
Michigan
Clinical and Health Research, Pre-doctoral Fellowship
UL1RR024986, NIH R21 MH079871.
ABIDEUniversity of
Utah School
of Medicine

National Institutes of Health (grant numbers: K08 MH092697,
RO1MH080826, P50MH60450, T32DC008553, R01NS34783),
Autism Speaks Mentor-based Predoctoral Fellowship (grant
number: 1677), University of Utah Multidisciplinary Research
Seed Grant, NRSA Predoctoral Fellowship (grant number: F31
DC010143), Ben B. and Iris M. Margolis Foundation.

ABIDE-Yale

Simons Foundation, Autism Speaks, John Merck Scholars Fund,
Autism Science Foundation, NICHD, NIMH.
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ADHD200Kennedy
Krieger
Institute
ADHD200NeuroIMAGE
ADHD200New York
University
Child Study
Center
ADHD200Oregn Health
& Science
University
ADHD200Peking
University

The Autism Speaks Foundation and NIH (R01 NS048527,
R01MH078160 and R01MH085328), Johns Hopkins General
Clinical Research Center (M01 RR00052), National Center for
Resource (P41 RR15241), Intellectual and Developmental
Disabilities Research Center (HD-24061).
-

http://fcon_1000.projects.
nitrc.org/indi/adhd200/ind
ex.html

NIMH (R01MH083246), Autism Speaks, The Stavros Niarchos
Foundation, The Leon Levy Foundation, an endowment
provided by Phyllis Green and Randolph Cōwen.

K99/R00 MH091238, R01 MH086654, Oregon Clinical and
Translational Research Institute, Medical Research Foundation,
UNCF/Merck, Ford Foundation.

The Commonwealth Sciences Foundation, Ministry of Health,
China (200802073), The National Foundation, Ministry of
Science and Technology, China (2007BAI17B03), The National
Natural Sciences Foundation, China (30970802), The Funds for
International Cooperation of the National Natural Science
Foundation of China (81020108022), The National Natural
Science Foundation of China (8100059), Open Research Fund
of the State Key Laboratory of Cognitive Neuroscience and
Learning.
ADHD200Cognitive & Brain Systems Maturation (5R01 MH067924),
University of Reward Processing in Adolescence (1R01 MH080243),
Pittsburgh
Functional Anatomy of Adolescent ADHD: Defining markers of
recovery (K01MH82123).
CANDIShare This work was supported by: NIH-NIMH R01 MH083320 "A
https://www.nitrc.org/proj
(Child and
Knowledge Environment for Neuroimaging in Child Psychiatry". ects/candi_share/
Adolescent
NeuroDevelo
pment
Initiative)
COBRE(2)
Data was downloaded from the COllaborative Informatics and http://fcon_1000.projects.
Neuroimaging Suite Data Exchange tool (COINS;
nitrc.org/indi/retro/cobre.
http://coins.mrn.org/dx) and data collection was performed at html
the Mind Research Network, and funded by a Center of
Biomedical Research Excellence (COBRE) grant
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5P20RR021938/P20GM103472 from the NIH to Dr.Vince
Calhoun.
FBIRN
Data used for this study were downloaded from the Function http://schizconnect.org/
BIRN Data Repository
(http://fbirnbdr.birncommunity.org:8080/BDR/), supported by
grants to the Function BIRN (U24-RR021992) Testbed funded
by the National Center for Research Resources at the National
Institutes of Health, U.S.A.
MCIC(3)
Data used in the preparation of this work were obtained from
the Mind Clinical Imaging Consortium database through the
Mind Research Network (www.mrn.org). The MCIC project was
supported by the Department of Energy under Award Number
DE-FG02-08ER64581. MCIC is the result of efforts of coinvestigators from University of Iowa, University of Minnesota,
University of New Mexico, Massachusetts General Hospital.
NUSDAST
Data used in preparation of this article were obtained from the
(Northwester NU Schizophrenia Data and Software Tool (NUSDAST) database
n University (http://central.xnat.org/REST/projects/NUDataSharing). As
Schizophrenia such, the investigators within NUSDAST contributed to the
Data and
design and implementation of NUSDAST and/or provided data
Software
but did not participate in analysis or writing of this report. Data
Tool)(4)
collection and sharing for this project was funded by NIMH
grant 1R01MH084803.
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Supplementary Table 3. Site-wise MRI scanner type, field strength, and exclusion criteria
employed for subject recruitment.
Consortium Site
Scanner Field
type
strength Exclusion criteria
ABIDE
ABIDE_CALTECH
Siemens 3
 FIQ < 80
TrioTim
 Comorbid psychiatric or neurological

ABIDE

ABIDE_CMU

Siemens
Verio



3



ABIDE

ABIDE_KKI

Philips
Achieva



3



ABIDE

ABIDE_LEUVEN

Philips
Intera

3



ABIDE

ABIDE_MAX_MUN

Siemens
Verio

3




ABIDE

ABIDE_NYU

Siemens
Allegra



3
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conditions including, but not limited
to, major depression, schizophrenia,
epilepsy and history of traumatic
brain injury.
No identifiable genetic, metabolic, or
infectious etiology for disorder.
Traumatic brain injury, clinically active
seizures, attention deficit disorder,
and depression, based on neurological
history, chromosomal analysis,
metabolic testing, and clinical
evaluation.
Trauma at birth or history of a
definitive neurologic disorder
(seizures, tumor, severe head injury,
stroke or lesion).
Major visual or hearing impairments
or conditions that contraindicate MRI.
History of epilepsy, any neurological
or psychiatric disorder (other than
ASD).
Secondary autism due to a specific
etiology (i.e. tuberous sclerosis,
Fragile X syndrome).
History of major psychiatric disorder,
seizure, head injury, or toxic
exposure; no evidence of genetic,
metabolic, infectious disorders,
delayed language development.
Chronic systemic medical conditions,
contraindications to MRI scanning,
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ABIDE

ABIDE_OHSU

Siemens
TrioTim

3

ABIDE

ABIDE_OLIN

3

ABIDE

ABIDE_PITT

Siemens
Allegra
Siemens
Allegra






3



ABIDE

ABIDE_SBL

Philips
Intera



3



ABIDE

ABIDE_SDSU

GE
MR750

3



ABIDE

ABIDE_STANFORD

GE Signa 3



Philips
Achieva





ABIDE

ABIDE_TRINITY

3
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pregnancy, and use of antipsychotics.
History of neurological illness, chronic
medical problems, sensorimotor
handicap, intellectual disability, or
significant head trauma, or evidence
of psychotic disorder or bipolar
disorder.
Full IQ > 70.
Pervasive Developmental DisorderNot otherwise Specified (PDD-NOS) or
Asperger's syndrome (i.e., no
language delay evident), full IQ < 80,
associated disorders such as tuberous
sclerosis or fragile-X syndrome.
Head injury with loss of consciousness
for over an hour, epilepsy, meningitis,
encephalitis, diabetes, known genetic
or neurological disorder.
Neurological problems (including
epilepsy).
MR incompatible implants, use of
drugs that may influence the task
performance (e.g. amphetamines,
THC), claustrophobia, pregnancy.
ASD-related medical conditions (i.e.
Fragile-X syndrome, tuberous
sclerosis), and neurological conditions
(e.g. epilepsy, Tourette's Syndrome).
Any history of known genetic,
psychiatric, or neurological disorders
(e.g. Fragile X syndrome or Tourette's
syndrome), or antipsychotic
medication.
Full IQ < 70.
Left handed subjects, IQ < 70.
History of neurological, psychiatric, or
genetic disorder (e.g. Anxiety,
Depression, a psychotic disorder,
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Obesessive Compulsive Disorder,
Epilepsy/seizures, Fragile X syndrome,
Tourettes Syndrome, or Tuberous
Sclerosis).
Current use of psychotropic
medication, substance misuse,
counter indications to MRI.
History of seizures, no loss of
consciousness > 5 minutes, no tic
disorder or involuntary movements,
any known genetic, neurological, or
psychiatric disorder.
History of head trauma or a
neurological disorder (including
seizures).
Diagnosis of psychosis or bipolar
disorder.
IQ < 70, known medical causes of
autism (such as tuberous sclerosis,
Fragile X, or neonatal
ischemic/hypoxia), blindness or
deafness, history of seizures, severe
head injury, or severe medical
problems.
Controls: free of neuropsychiatric or
neurodevelopmental disorders.
Full IQ < 80. History of language
disorder or reading disability.
Visual or hearing impairment, or
history of other neurological or
psychiatric disorder.
Psychoactive medications other than
stimulants.
Full IQ < 80, and other chronic medical
conditions were required for all
children.
Full IQ < 80, and other chronic medical
conditions were required for all
children.
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Sub-threshold ADHD, history of
neurological illness, chronic medical
problems, sensorimotor handicap,
autistic disorder, mental retardation,
or significant head trauma (with loss
of consciousness), evidence of
psychotic or bipolar disorder.
History of head trauma with loss of
consciousness, neurological disease,
diagnosis of either schizophrenia,
affective disorder, pervasive
development disorder, or substance
abuse and full IQ < 80.
Major sensorimotor handicaps; full IQ
< 70, learning disabilities,
claustrophobia, autism, anorexia,
bulimia nervosa, alcohol or drug
dependence or abuse, medical or
neurological disease.
History of neurological disorder,
mental retardation, severe head
trauma with more than 5 minutes loss
of consciousness, substance abuse or
dependence within the last 12
months.
IQ < 75, previous head injury or
prolonged unconsciousness,
substance dependence, migraine
treatments, or MRI contraindications.
History of a major medical illness,
significant extrapyramidal symptoms
or tardive dyskinesia.

IQ < 70, history of a head injury
resulting in prolonged loss of
consciousness, neurosurgical
procedure or disease, skull fracture,
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severe or disabling medical
conditions, contraindication for MRI
scanning such as pregnancy, metal in
body or head including implanted
pacemaker, medication pump, vagal
stimulator, deep brain stimulator,
implanted TENS unit, or ventriculoperitoneal shunt.
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Intellectual disability, had a clinically
unstable or severe medical disorder,
medical disorder, head injury, current
substance abuse.

