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SUPPLEMENTAL MATERIAL

Clinical Interviews

The Structured Interview for Prodromal Syndromes (SIPS)"? was administered to
diagnose a prodromal syndrome. Participants in the present study met SIPS criteria for a
prodromal or high-risk syndrome, defined by moderate to severe but not psychotic levels
of positive symptoms (rated from 3 to 5 on a six point scale) and/or a decline in global
functioning accompanying the presence of schizotypal personality disorder and/or a
family history of schizophrenia.” The SIPS gauges distinct categories of prodromal
symptoms including positive and negative domains. A total sum score for each domain is
used as an indicator of the respective dimensions of symptomatology. Family history of
psychosis was attained by asking participants if any first-degree family members had
been diagnosed with a psychotic disorder. In most cases, family history was corroborated
with another family member of the participant.

The Structured Clinical Interview for Axis-I DSM-IV Disorders (SCID)* was also
administered to rule out a psychotic disorder diagnosis. This measure has been
demonstrated to have excellent inter-rater reliability in adolescent populations® and has
been used in several previous studies focusing on adolescent populations with
schizophrenia spectrum disorders.® Training of advanced doctoral student interviewers
was conducted over a 2-month period, and inter-rater reliabilities exceeded the minimum
study criterion of Kappa > .80. Interviewers were kept blind to the prescribed exercise

condition for each participant.



Structural Magnetic Resonance Imaging acquisition and data processing

A T1-weighted three-dimensional (3D) magnetization prepared rapid gradient
multiecho sequence (MPRAGE; sagittal plane; repetition time [TR]=2530 ms; echo times
[TE]=1.64 ms, 5.36 ms, 7.22 ms, 9.08 ms; GRAPPA parallel imaging factor of 2; 1 mm’®
isomorphic voxels, 192 interleaved slices; FOV=256 mm; flip angle=7°; time=6.03 min)
covering the whole brain was acquired for anatomic segmentation. A turbo spin echo
proton density (PD)/T2-weighted acquisition (TSE; axial oblique aligned with anterior
commissure-posterior commissure line (AC-PC line); TR=3720ms; TE=89ms; GRAPPA
parallel imaging factor of 2; .9 x .9 mm voxels; FOV=240mm; flip angle 120°; 77
interleaved 1.5mm slices; time=5:14) was acquired to check for incidental pathology.

The processing stream involved motion correction, removal of non-brain tissue
using a hybrid watershed/surface deformation procedure,” automated Talairach
transformation, segmentation of the subcortical white matter and deep gray matter
structures,” ? intensity normalization,'® tessellation of the gray matter/white matter
boundary, automated topology correction,'' and surface deformation following intensity
gradients to optimally place the gray/white and gray/cerebrospinal fluid borders at the
location where the greatest shift in intensity defines the transition to the other tissue
class."?

Hippocampal target structures were segmented from the MPRAGE using the

FreeSurfer suite of automated tools.'> '

The processing stream involved motion
correction, removal of non-brain tissue using a hybrid watershed/surface deformation

procedure,” automated Talairach transformation, segmentation of the subcortical white



matter and deep gray matter structures,®’ intensity normalization,'” tessellation of the
gray matter/white matter boundary, automated topology correction,'' and surface
deformation following intensity gradients to optimally place the gray/white and
gray/cerebrospinal fluid borders at the location where the greatest shift in intensity
defines the transition to the other tissue class.'? FreeSurfer also calculates values for each
participant's total intracranial volume (TICV; i.e., the sum of whole-brain gray matter +
white matter + cerebrospinal fluid), and each structure's volume was divided by the TICV

to control for whole brain volume.
Resting state functional connectivity processing

A 5 minute 34 second functional resting state blood-oxygen-level-dependent scan
was acquired with a T2*-weighted echo-planar functional protocol (number of volumes
=165; TR = 2,000 ms; TE = 29 ms; matrix size = 64 x 64 x 33; FA=75°,3.8x3.8x3.5
mm voxels; 33 slices; FOV = 240mm). During the resting state scan, participants were
instructed to relax and close their eyes. A turbo spin echo proton density (PD)/ T2-
weighted acquisition (TSE; axial oblique aligned with anterior commissure-posterior
commissure line; TR= 3720ms; TE=89ms; GRAPPA parallel imaging factor of 2;
FOV=240mm; flip angle: 120°; .9 x .9 mm voxels; 77 interleaved 1.5mm slices) was
acquired to check for incidental pathology. The fcMRI scan was kept relatively short in
order to minimize anxiety and the possibility of within-scan movement. This fcMRI scan
duration has been shown to yield equivalent power as longer scans.'

Data were preprocessed in FSL (v.5; http://fsl.fmrib.ox.ac.uk/fsl), which involved
motion correction (MCFLIRT), brain extraction (BET), high-pass filtering (100 s), and

spatial smoothing (6 mm FWHM). Functional images were aligned to the MNI152-T1 2-



mm brain template with a two-step procedure. First, the resting state scan was aligned to
the high-resolution MPRAGE using a linear boundary-based registration method, which
relies on gray/white matter boundaries.'> '® " Second, the MPRAGE was nonlinearly
aligned to the template, and the two registrations were then combined in order to align the
functional resting state scan to the template.

Recent papers have demonstrated the importance of properly correcting for
motion by not only regressing out motion parameters, but also regressing out or
eliminating specific frames with motion outliers.'® To accomplish this, we used the
Artifact Rejection Toolbox (ART; http://www.nitrc.org/projects/artifact detect/) to create
confound regressors for motion parameters (3 translation and 3 rotation parameters), and
additional confound regressors for specific image frames with outliers based on brain
activation and head movement. In order to identify outliers in brain activation, the mean
global brain activity (i.e., the mean signal across all voxels) was calculated as a function
of time, and was then Z-normalized. Outliers were defined as any frames where the
global mean signal exceeded 3 SD. Similarly, frame-wise measures of motion (composite
measure of total motion across translation and rotation) were used to identify any motion
outliers (i.e., motion spikes). Motion outliers were defined as any frame where the motion
exceeded 1 mm. From the motion translation parameters we also calculated mean
displacement, and used this measure as well as the number of motion and mean signal
outliers in order to control for the degree of head movement.

fcMRI analysis was performed in the Conn toolbox v.15b."?* The data were
band-pass filtered from 0.008 to 0.09 Hz. Seed regions-of-interest (ROIs) within the left

and right, hippocampus were defined using FSL Harvard-Oxford subcortical structural



atlas.”' The mean time-series, averaged across all voxels within each ROI, was used as a
predictor regressor. Anatomical images were segmented into gray matter, white matter,
and CSF with SPM8 (www.fil.ion.ucl.ac.uk/spm) in order to create masks for signal
extraction. The Conn toolbox uses principal component analysis to extract 5 temporal
components from the segmented CSF and white matter, which were entered as confound
regressors in the subject-level GLM. This approach corrects for confounds of motion and
physiological noise without regressing out global signal. We used state of the art methods
to account for subject motion, as well as outliers, as suggested by Power and
colleagues.'® Accordingly, the GLM also included confound regressors for subject
motion (6 parameters for translation and rotation) and frame-wise outliers identified with
the ART toolbox.

Connectivity between the seed ROI was calculated with all other voxels in the
brain at each time point. The conn toolbox used a GLM approach with connectivity
measures calculated as bivariate correlations. All comparisons were defined as within-
subject T-contrasts. Data in tables and statistical maps were first thresholded at the voxel-
level at Pyncorr < .001 and then corrected at the cluster-level to a false-discovery rate

(FDR) of p < .05.%



REFERENCES

1.

2.

10.

11.

12.

13.

14.

McGlashan T, Walsh B, Woods S. The psychosis-risk syndrome: handbook for
diagnosis and follow-up: Oxford University Press; 2010.

Miller TJ, McGlashan TH, Rosen JL, et al. Prodromal assessment with the
structured interview for prodromal syndromes and the scale of prodromal
symptoms: predictive validity, interrater reliability, and training to reliability.
Schizophr Bull 2003;29(4):703-715.

Miller TJ, McGlashan TH, Rosen JL, Somjee L, Markovich PJ, Stein K, Woods
SW. Prospective diagnosis of the initial prodrome for schizophrenia based on the
Structured Interview for Prodromal Syndromes: preliminary evidence of interrater
reliability and predictive validity. Am J Psychiatry May 2002;159(5):863-865.
First MB, Spitzer RL, Gibbon M, Williams JB. Structured Clinical Interview for
DSM-IV Axis | Disorders, Patient Edition, January 1995 FINAL: SCID-1/P
Version 2.0). New York, NY: Biometrics Research Department, New York State
Psychiatric Institute; 1995.

Martin CS, Pollock NK, Bukstein OG, Lynch KG. Inter-rater reliability of the
SCID alcohol and substance use disorders section among adolescents. Drug and
Alcohol Dependence May 1 2000;59(2):173-176.

Howes OD, Montgomery AJ, Asselin M-C, et al. Elevated striatal dopamine
function linked to prodromal signs of schizophrenia. Arch Gen Psychiatry
2009;66(1):13-20.

Segonne F, Dale AM, Busa E, Glessner M, Salat D, Hahn HK, Fischl B. A hybrid
approach to the skull stripping problem in MRI. Neuroimage 2004;22(3):1060-
1075.

Fischl B, Salat DH, Busa E, et al. Whole brain segmentation: automated labeling
of neuroanatomical structures in the human brain. Neuron Jan 31 2002;33(3):341-
355.

Fischl B, Salat DH, van der Kouwe AJ, Makris N, Segonne F, Quinn BT, Dale
AM. Sequence-independent segmentation of magnetic resonance images.
Neuroimage 2004;23 Suppl 1:S69-84.

Sled JG, Zijdenbos AP, Evans AC. A nonparametric method for automatic
correction of intensity nonuniformity in MRI data. |EEE Trans Med Imaging
1998;17:87-97.

Segonne F, Pacheco J, Fischl B. Geometrically accurate topology-correction of
cortical surfaces using nonseparating loops. |EEE Trans Med Imaging
2007;26:518-529.

Fischl B, Dale AM. Measuring the thickness of the human cerebral cortex from
magnetic resonance images. Proc Natl Acad Sci U SA 2000;97(20):11050-11055.
Greve DN, Fischl B. Accurate and robust brain image alignment using boundary-
based registration. Neuroimage Oct 15 2009;48(1):63-72.

Patenaude B, Smith SM, Kennedy DN, Jenkinson M. A Bayesian model of shape
and appearance for subcortical brain segmentation. Neuroimage Jun 1
2011;56(3):907-922.



15.

16.

17.

18.

19.

20.

21.

22.

Van Dijk KRA, Hedden T, Venkataraman A, Evans KC, Lazar SW, Buckner RL.
Intrinsic Functional Connectivity As a Tool For Human Connectomics: Theory,
Properties, and Optimization. J Neurophysiol 2009;103(1):297-321.

Jenkinson M, Bannister P, Brady M, Smith S. Improved Optimization for the
Robust and Accurate Linear Registration and Motion Correction of Brain Images.
Neuroimage 2002;17(2):825-841.

Jenkinson M, Smith S. A global optimisation method for robust affine registration
of brain images. Med Image Anal Jun 2001;5(2):143-156.

Power JD, Barnes KA, Snyder AZ, Schlaggar BL, Petersen SE. Spurious but
systematic correlations in functional connectivity MRI networks arise from
subject motion. Neuroimage Feb 1 2012;59(3):2142-2154.

Whitfield-Gabrieli S, Ford JM. Default mode network activity and connectivity in
psychopathology. Annu Rev Clin Psychol 2012;8:49-76.

Whitfield-Gabrieli S, Thermenos HW, Milanovic S, et al. Hyperactivity and
hyperconnectivity of the default network in schizophrenia and in first-degree
relatives of persons with schizophrenia. Proc Natl Acad Sci U SA Jan 27
2009;106(4):1279-1284.

Makris N, Goldstein JM, Kennedy D, Hodge SM, Caviness VS, Faraone SV,
Tsuang MT, Seidman LJ. Decreased volume of left and total anterior insular
lobule in schizophrenia. Schizophr Res Apr 2006;83(2-3):155-171.

Smith SM, Nichols TE. Threshold-free cluster enhancement: addressing problems
of smoothing, threshold dependence and localisation in cluster inference.
Neuroimage Jan 1 2009;44(1):83-98.



