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Abstract

Background: Diffusion tensor imaging suggests that white matter alterations are already evident
in first episode psychosis patients (FEP) and may become more prominent as the duration of
untreated psychosis (DUP) increases. But because the tensor model lacks specificity, it remains
unclear how to interpret findings on a biological level. Here, we used a biophysical diffusion
model, Neurite Orientation Dispersion and Density Imaging (NODDI), to map microarchitecture
in FEP, and to investigate associations between DUP and microarchitectural integrity.

Methods: We scanned 78 antipsychotic medication-naive FEP and 64 healthy controls using a
multi-shell diffusion weighted sequence and used the NODDI toolbox to compute neurite density
(ND), orientation dispersion index (ODI) and extracellular free water (FW) maps. AFNI’s 3dttest+
+ was used to compare diffusion maps between groups and to perform regression analyses with
DUP.

Results: We found that ND was decreased in commissural and association fibers but increased in
projection fibers in FEP. ODI was largely increased regardless of fiber type, and FW showed a mix
of increase in decrease across fiber tracts. We also demonstrated associations between DUP and
microarchitecture for all NODDI indices.

Conclusions: We demonstrated that complex microarchitecture abnormalities are already
evident in antipsychotic-naive FEP. ND alterations are differentially expressed depending on fiber
type, while decreased fiber complexity appears to be a uniform marker of white matter deficit in
the illness. Importantly, we identified an empirical link between longer DUP and greater white
matter pathology across NODDI indices, underscoring the critical importance of early intervention
in this devastating illness.
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1. INTRODUCTION

Developmental trajectory studies suggest that white matter growth, reflected in an increase
in myelination, axonal diameter and change in extracellular space (Brouwer et al., 2012;
Lebel and Deoni, 2018), continues to increase well into adulthood (Hasan et al., 2009;
Kochunov et al., 2012). Maturation rates are somewhat variable between different white
matter tracts, where associative fibers that connect brain regions supporting higher order
cognition reach their peak later in life compared to earlier maturing projection fibers such as
motor and sensory tracts (Kochunov et al., 2012). Importantly, white matter changes may not
only be genetically programmed, but also be subject to environmental influences (Brouwer
et al., 2012), and it appears that environmental factors start to outweigh genetics during later
adolescence and early adulthood (Chiang et al., 2011).

Schizophrenia is a complex neuropsychiatric syndrome that is characterized by widespread
white matter integrity deficits (Kelly et al., 2017) and typically emerges during late
adolescence or early adulthood, at a time where white matter continues to undergo
maturational processes (Kochunov and Hong, 2014). Diffusion tensor imaging studies
have reported widespread white matter deficits in the illness (Kelly et al., 2018);

affected pathways include commissural, association and projection fibers. One modifiable
environmental factor that may adversely impact white matter maturation in psychosis
spectrum disorders is the duration of untreated psychosis (DUP). We recently reported

an empirical link between whole brain white matter fractional anisotropy, a tensor-based
marker of white matter integrity, and DUP in antipsychotic-naive first episode psychosis
patients (FEP), indicating that white matter alterations become more prominent as the
DUP increases (Kraguljac et al., 2020). But because the tensor model lacks specificity, we
were unable to determine how DUP impacts white matter integrity on a biological level,
whether it affects the volume fraction of neurites (axons and dendrites), fiber complexity,
extracellular space, or a combination thereof.

Alternative diffusion models have recently been developed in an effort to overcome

these limitations and link the diffusion signal to neuroanatomical microarchitecture (Assaf
and Basser, 2005; Fieremans et al., 2011; Zhang et al., 2012). These models are

geared towards biophysical characterization of white matter microstructure, potentially
providing additional characterization of white matter pathology beyond of what is
possible with traditional diffusion tensor models. One method that provides more specific
microarchitectural information including neurite density (ND), orientation dispersion (ODI)
and extracellular free water (FW) is Neurite Orientation Dispersion and Density Imaging
(NODDI). NODDI delineates signal contributions from three tissue compartments (Zhang
et al., 2012), where the intra-neurite compartment consists of axons and dendrites,

the extra-neurite compartment represents cell bodies and glial cells, and the non-tissue
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compartment embodies cerebrospinal fluid. Histological validation studies of NODDI
(Colgan et al., 2016; Grussu et al., 2017; Sato et al., 2017; Schilling et al., 2018) have
provided unequivocal evidence that the ODI, which assesses the variability of neurite
orientation, matches its histological counterpart (Grussu et al., 2017). Unfortunately, it is
not feasible to histologically confirm FW as a proxy of inflammation. However, because
neuroinflammation increases the volume of water in the extracellular space (Sykova and
Nicholson, 2008) it stands to reason that this would be reflected by a corresponding
increase of FW. This was empirically supported in a transgenic Alzheimer model which
found that the evolution of FW changes corresponds to the inflammatory burden in TgF344-
AD rats (Fick et al., 2017). Taken together, NODDI imaging could potentially provide
novel insights in the pathophysiological processes that underlie white matter alterations.
Importantly, NODDI has also been shown to be more sensitive to microstructural changes
in late childhood and adolescence than fractional anisotropy (Genc et al., 2017; Mah et al.,
2017), suggesting that these advanced parameters may be more sensitive to detect subtle
white matter changes than traditional diffusion tensor imaging.

To expand upon our recent findings (Kraguljac et al., 2020), we applied the NODDI
model to our multi-shell diffusion dataset to map the neuroanatomical microarchitecture
in antipsychotic-naive FEP. The goal of this study was twofold. First, we aimed to
contrast microarchitectural information between groups. Because of the heterogeneity

in developmental trajectories and anatomical makeup of projection fibers (large axon
calibers, thickly myelinated) and association fibers (densely packed, thinly myelinated),
and because white matter changes in schizophrenia involve dynamic interactions between
neuropathological processes in a tract-specific manner (Cetin-Karayumak et al., 2019), we
hypothesized that fiber tracts would not express a uniform pattern of microarchitectural
alterations. Second, we sought to investigate if DUP is associated with microarchitectural
integrity. We hypothesized that longer DUP would be associated with greater white matter
architectural alterations in FEP. In an exploratory fashion, we also examined relationships
between white matter microarchitecture and disease severity across symptom dimensions,
including cognition, positive and negative symptom severity.

2. MATERIALS AND METHODS

2.1. Participants

FEP were recruited from outpatient, inpatient and emergency room settings at the University
of Alabama at Birmingham (UAB). Written informed consent was obtained (after being
deemed to have capacity to give consent (Carpenter et al., 2000)) prior to enrollment in this
UAB Institutional Review Board approved study.

Participants were excluded if they had major neurological or medical conditions, history

of head trauma with loss of consciousness, substance use disorders (excluding nicotine

and cannabis) within one month of imaging, were pregnant or breastfeeding, or had MRI
contraindications. Patients were either antipsychotic-naive or had no more than five days

of lifetime antipsychotic exposure prior to study entry (82.1% of had no prior exposure).
Controls with a personal history of a mental illness or family history in a first-degree relative
of a psychatic disorder were excluded.
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Diagnoses were established by consensus of two board certified psychiatrists (ACL

and NVK) taking into consideration information from the Diagnostic Interview for
Genetic Studies (DIGS) or Mini-International Neuropsychiatric Interview (MINI) and
medical records as available. In addition, because of the longitudinal design of the study
(Clinical Trials.gov Identifier: NCT02034253, NCT03442101) clinical observations over
several months of follow up were used to establish a final diagnosis. The Brief Psychiatric
Rating Scale (BPRS) and Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) were used to assess symptom severity and cognition, respectively. We
operationally defined DUP as the time between first onset of positive symptoms and the
start of treatment (the time at which the first antipsychotic prescription was written, which
also coincided with enrollment in the study). The time of symptom onset was determined
in consensus by two psychiatrists (ACL and NVK) via clinical interviews with the patient
and family members as well as medical records (psychiatric assessment, review of systems,
family history, laboratory workup) and clinical observations and assessments over several
months of follow up.

The dataset here has no subject overlap with our previous NODDI study in psychosis
spectrum patients (Kraguljac et al., 2019), but has subject overlap with a recent tensor based
study (Kraguljac et al., 2020).

2.2. Data acquisition

All imaging was performed on a 3T Siemens Magnetom Prisma scanner equipped with a
20-channel head coil. A T2 weighted scan was acquired for anatomical reference (TR/TE:
3200/ 563ms; GRAPPA factor 2; slice thickness 0.8mm; 208 slices, voxel size 0.8mm3).

DWI data was acquired with opposing phase encoding directions (anterior > posterior, and
posterior > anterior; [TR/TE: 3230ms/ 89.20ms; multiband acceleration factor 4, Flip angle:
84°: slice thickness 1.5mm, 92 slices, voxel size 1.5mm3, 92 diffusion weighted images
distributed equally over 2 shells with b-values of ~ 1500s/mm?2 and ~ 3000s/mm2, as well
as 7 interspersed b= ~ 0s/mm? images for each phase encoding direction]), scan time of 5
minutes 37 seconds for each phase encoding direction.

2.3. Data preprocessing

Preprocessing of DWI images was performed in TORTOISE (version 3.1.2) (Irfanoglu et
al., 2017; Pierpaoli et al., 2010). This included correction for thermal noise (\eraart et al.,
2016), Gibbs-ringing (Kellner et al., 2016), high b-value based bulk motion and eddy-current
distortions using a MAP-MRI model (Ozarslan et al., 2013; Rohde et al., 2004), resampling
of images to 1mm3, and rotation of gradient tables independently for each DWI phase
encoding direction using DIFF-PREP. Then, DR-BUDDI was used to correct EPI distortions
incorporating information from the undistorted T2 weighted anatomical image combining
the two diffusion datasets acquired in opposing phase encoding directions using geometric
averaging to generate the corrected dataset (Irfanoglu et al., 2015). For calculation of ND,
ODI and FW maps (Figure 1), we used the NODDI toolbox (version 1.0.1) (Zhang et al.,
2012). To spatially normalize images to the Illinois Institute of Technology atlas (11T4)
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space, we implemented an optimized non-linear image registration procedure with a mutual
information algorithm using a modified version of 3dQwarp in AFNI (Yin et al., 2016).

2.4. Data quality control

We initially verified protocol adherence and visually inspected raw images for signal loss
and presence of artifacts. We then assessed bulk motion and excluded datasets with an
average root mean square of absolute displacement (RMS,ys) of greater than the voxel edge
length (1.5mm) or root mean square of relative displacement (RMS,) of >0.05mm averaged
across phase encoding directions from further analyses. DR_BUDDI outputs were assessed
for quality of motion, eddy current and EPI distortion correction, and NODDI diffusion
maps were inspected for anomalies in parameters.

2.5. Statistical analyses

To examine voxel-wise group differences in ND, ODI and FW between FEP and controls
we used AFNI’s 3dttest++; co-variates included age, gender, RMS,,|, and scan update.
Clustsim, a randomization/ permutation simulation to produce 10,000 iterations of noise
only generated t-tests and determine global cluster-level threshold values, was implemented
to control for the false positive rate (voxelwise threshold Bonferroni corrected p= 0.003
[accounting for 3 comparisons at pyncorrected= 0-01]; cluster threshold a= 0.05) (Cox et al.,
2017).

We then used regression analyses to examine relationships between whole brain voxel-wise
ND, ODI and FW and RBANS, BPRS total, BPRS positive and BPRS negative symptoms
scores, as well as log transformed DUP with 3dttest++, using the same covariates as
described above. Clustsim was implemented to control for the false positive rate (voxelwise
threshold Bonferroni corrected p= 0.00066 [accounting for 15 comparisons at Pyncorrected=
0.01]; cluster threshold a.= 0.05).

3. RESULTS

3.1. Participant characteristics

Of the 212 patients assessed for eligibility between June 2016 and November 2019, 87 FEP
were consented and 78 had imaging data obtained (Figure 2). We also enrolled 64 HC.
Groups did not differ in gender, age or parental socioeconomic status (Table). Scans for 4
HC and 13 FEP did not pass data quality control and were excluded from statistical analyses.

3.2. Group differences in NODDI indices

NODDI maps detected significant white matter microstructural abnormalities in medication-
naive FEP across commissural, association and projection fibers (Figure 3).

ND was lower in FEP compared to HC in commissural and association fibers including the
forceps minor, inferior fronto-occipital fasciculus, inferior longitudinal fasciculus, arcuarte
fasciculus and external capsule. ND was higher in FEP compared to HC in the anterior
thalamic radiation, which is part of the projection fibers.
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ODI was increased in FEP compared to HC across all fiber types including the corpus
callosum/ forceps minor, fornix, inferior fronto-occipital fasciculus, uncinate fasciculus,
internal and external capsules, the corticospinal tract and cerebral peduncle.

FW in the anterior thalamic radiation and anterior corona radiata was elevated in
FEP compared to HC, while FW was decreased in the inferior longitudinal fasciculus,
corticospinal tract and posterior thalamic radiation.

3.3. Relationship between NODDI indices and clinical variables

We found associations between DUP and white matter microarchitecture across all three
NODDI indices.

Regression analyses showed that greater DUP was associated with lower ND in the
commissural fibers including the forceps minor and fornix, as well as association fibers
including the arcuate fasciculus, cingulum bundle, and external capsule. The same
relationship was found internal capsule. Greater DUP was associated with higher ND in

the anterior thalamic radiation, a projection fiber. ND in the superior longitudinal fasciculus
showed a mix of positive and negative associations with DUP.

Greater DUP was also associated with higher ODI across fiber types including the corpus
callosum and fornix, the arcuate fasciculus, cingulum bundle, and inferior fronto-occipital
fasciculus, as well as the internal capsule.

Greater DUP was associated with higher FW in the anterior thalamic radiation and superior
longitudinal fasciculus and with lower FW in the fornix, inferior longitudinal fasciculus,
inferior fronto-occipital fasciculus, internal and external capsules.

We did not detect associations between ND, ODI or FW and disease severity across
symptom dimensions (RBANS total score, BPRS total, positive symptom, and negative
symptom score).

4. DISCUSSION

Here, we applied a NODDI model to map, for the first time, the neuroanatomical
microarchitecture /7 vivo in antipsychotic-naive FEP and to investigate the impact of

DUP on microarchitectural integrity. We found that ND was decreased in commissural

and association fibers, which support higher order cognition, but increased in the earlier
maturing projection fibers in FEP. On the other hand, ODI was largely increased regardless
of fiber type, and FW showed a mix of increase in decrease across various fiber tracts. We
further demonstrated associations between DUP and microarchitecture for all three indices,
adding to the emerging experimental evidence consistent with the idea that the DUP may
have fundamental pathogenic effects on the brain.

Our finding of decreased ND in commissural and association fibers is in agreement with
those of Rae et al, who described a widespread reduction in ND in a group of medicated
first episode psychosis patients with an average illness duration of approximately two years
(Rae et al., 2017), and reports of extensive reduced ND in a rat model of disrupted in

Neuroimage Rep. Author manuscript; available in PMC 2023 March 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kraguljac et al.

Page 7

schizophrenia gene 1 (DISC-1; (Barnett et al., 2019)), a gene that is involved in regulation of
cell proliferation, neuronal axon and dendrite outgrowth and implicated in the schizophrenia
pathophysiology. However, our report of increased ND in the anterior thalamic radiation
stands in in contrast with above findings. Interestingly, in this area, we also found excess FW
which is often interpreted as evidence of inflammation (Kraguljac et al., 2019; Lyall et al.,
2017; Oestreich et al., 2017; Oestreich et al., 2016). Increased ND in pathological states has
been reported previously. For example, amyloidosis with inflammatory conditioning induced
by interleukin 6 (IL-6) increases ND in mice (Colon-Perez et al., 2019). ND also increases
with chronological age (Chang et al., 2015). Thus, results could be interpreted as a reflection
of premature aging, possibly in context of an inflammatory process, which was previously
reported in patients with schizophrenia (Tgnnesen et al., 2020). Taken together, the variable
expressions of ND alterations in commissural, association and projection fibers could be
understood as evidence of tract-specific neuropathological effects, which is consistent with

a recent discovery that white matter changes in schizophrenia involve dynamic interactions
between neuropathological processes in a tract-specific manner (Cetin-Karayumak et al.,
2019).

We found widespread ODI increase in FEP, observed regional patterns are in agreement
with previously reported white matter deficits in schizophrenia (Kelly et al., 2017). Based on
studies in transparent mouse brains (Sato et al., 2017) and microscopic mapping studies in
postmortem human brains (Mollink et al., 2017), greater ODI can be interpreted as evidence
of lesser fiber uniformity. Consistently, we previously reported increased ODI in the internal
capsule in never-treated and currently unmedicated schizophrenia patients (Kraguljac et al.,
2019), the lesser spatial extent of alterations in that study may be attributable to the use of

a single-shell diffusion sequence which is less robust in quantifying microarchitecture. Even
though another study in medicated first episode patients, cross-sectionally assessed at 1.5
tesla, did not find ODI abnormalities, they did report evidence of fiber geometry changes
with increasing age in patients (Rae et al., 2017). Given the smaller sample size (35 patients,
19 controls), it is possible that they were slightly underpowered to detect ODI increases in
patients.

Consistent with the literature (Lesh et al., 2019; Lyall et al., 2017; Oestreich et al., 2017,
Oestreich et al., 2016), we found increased FW in the anterior corona radiata and the
anterior thalamic radiation. Unexpectedly, we also detected decreased FW in the inferior
longitudinal fasciculus and corticospinal tract in patients; this has not been previously
reported in the schizophrenia literature. A recent mechanistic paper demonstrated that blood
flow in the capillary bed may have an effect on the estimation of the free water fraction
(Rydhog et al., 2017). Because mixed patterns of increased and decreased cerebral blood
flow have previously been reported in schizophrenia (Pinkham et al., 2011), it is possible
that the decrease in FW we noted in FEP may reflect altered cerebral blood flow in

these regions. However, studies specifically designed to determine the contribution of blood
flow alterations in pathological states on FW estimates need to be conducted before more
definitive conclusions can be drawn.

It has been hypothesized that the prolonged development of associative white matter
tracts may make these areas more vulnerable to the primary or secondary risk factors
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of schizophrenia (Kochunov et al., 2016). The DUP has been identified as an important,
potentially modifiable, secondary risk factor that adversely impacts clinical outcomes in

the illness (Albert et al., 2017; Primavera et al., 2012). Here, we found that longer DUP
was associated with greater white matter microarchitectural alterations across all NODDI
indices, irrespective of fiber type. Spatial overlap between white matter alterations and
associations between white matter integrity and DUP was evident in several white matter
regions, including the superior longitudinal fasciculus, inferior fronto-occipital fasciculus,
corpus callosum, arcuate fasciculus, internal capsule, anterior thalamic radiation. Greater
DUP was associated with worse white matter integrity in the inferior fronto-occipital
fasciculus which is a white matter structure that is associated with semantic processing
deficits (Surbeck et al., 2020), thus offering a possible formal link between formal thought
disorder and DUP on a neuroanatomical level. Interestingly, DUP also was associated with
microarchitectural integrity in fiber tracts that were not yet considered abnormal when
contrasting patients and controls. These fibers included the cingulum bundle and fornix (no
ND abnormality, only a small area of ODI increase), which are two of the major white
matter tracts in the limbic system (Abdul-Rahman et al., 2011). The limbic system was

one of the earliest circuits implicated in the schizophrenia pathophysiology (Torrey and
Peterson, 1974), but there is some debate as to whether this pathway plays a primary role

in the genesis of schizophrenia or if abnormalities reflect a downstream process of the
illness (White et al., 2008). Regardless, our data support the idea that DUP may adversely
impact limbic microarchitecture, suggesting that early intervention could have the potential
to attenuate limbic system pathology. It is important to note, that while DUP has been
suggested as a marker of environmental effects in the pathogenesis of schizophrenia, based
on our cross-sectional data it is not possible to definitively determine the directionality of the
association. In other words, it remains unclear if DUP in fact has a causative role in NODDI
alterations seen here, or if white matter pathology arisen during aberrant neurodevelopment
drives some patients to have a more insidious course of the illness which is reflected by a
longer DUP.

NODDI analyses showed significantly more widespread effects of DUP on white matter
microarchitecture than would be expected based on our DTI findings in an overlapping
patient sample (Kraguljac et al., 2020). This is in agreement with reports that advanced
parameters may be more sensitive in detecting white matter disease signatures (Genc et al.,
2017; Mah et al., 2017). In addition to providing more biologically informed specificity in
quantification of microstructure, NODDI was shown to capture disease discriminative voxels
that were not identified with standard DTI metrics in a head-to-head comparison (Timmers
et al., 2016). Our results further underscore that is worthwhile to add model complexity and
computational expense to data analytics pipelines in studies with a clinical population as it
may detect disease signatures not captured by the standard DTI model.

An important strength of our study is that this cohort represents one the largest groups of
psychosis spectrum patients recruited in neuroimaging studies at first treatment contact, even
though this is a notoriously challenging population to recruit. This allowed us to mitigate
confounds of antipsychotic medication exposure and illness chronicity. We determined

DUP using a clinical interview which has shown to be no less reliable than standardized
assessment tools (Register-Brown and Hong, 2014). Because DUP in our sample, as in many
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other previous studies, was not normally distributed, we used a log transform to normalize
data. Even though cannabis, a major risk factor developing psychosis, may affect brain
structure (Cookey et al., 2014), we did not exclude patients with a history of cannabis use

as this would have inadvertently biased our sample and limit the generalizability of our data.
We used a human connectome style two-shell diffusion weighted imaging protocol for data
acquisition. While parameters were not specifically optimized for NODDI, a head to head
comparison of several acquisition protocols for the assessment of NODDI indices concluded
that the relative performance of the protocol depends primarily on the number of sampled
orientations (Zhang et al., 2012). Our sequence sampled 98 orientations for each sampling
direction which is comparable to the number of directions used other NODDI diffusion
sequences. It was further demonstrated that NODDI parameters can be reliably estimated
using two-shell protocols, and found that the number of shells is not a key factor in the
assessment of white matter NODDI parameters (Zhang et al., 2012), supporting that our
sequence parameters were sufficient for this type of modeling. As with any type of imaging,
subject motion is a confounding factor that affect data quality and is difficult to truly control
for. We used a priori defined cutoff points for subject motion and included individual motion
parameters in statistical analysis, but is possible that subtle differences in subject motion
between groups may have affected findings.

5. CONCLUSIONS

In summary, we demonstrated that complex microarchitecture abnormalities are already
evident in antipsychotic-naive first episode psychosis patients. Spatial patterns suggest
that ND alterations are differentially expressed depending on fiber type, while decreased
fiber complexity appears to be a uniform marker of white matter deficits in the illness.
Importantly, we identified an empirical link between longer DUP, a major environmental
factor adversely affecting long term clinical outcomes, and greater white matter pathology
across NODDI indices, underscoring the critical importance of early intervention in this
devastating illness.
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Figure 1:
Neurite Orientation Dispersion and Density Imaging (NODDI) maps. Abbreviations: RGB:

red-green-blue color map indicating eigenvector orientations. ND: neurite density map, ODI:
orientation dispersion index map, FW: extracellular free water map.
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y

Consented
(n=87)

Excluded (n=125)
- not meeting diagnostic criteria (n=14)
- not interested in participation (n=38)
- lack of capacity/ involuntary hospitalization (n= 31)
- medical/ neurological condition (n= 7)
- agitation (n=10)
- metal in body (n=5)
- Non-English speaker (n=3)
- other (n=17)

Dropped before completed scan (n=9)
- withdrew consent before scan (n=2)
- did not tolerate scan environment (n=4)
- other (n=3)

Diffusion data obtained
(n=78)

Figure 2:
CONSORT flow chart
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Forceps
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Forceps
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Figure 3:
Group differences in NODDI maps between first episode psychosis patients (FEP) and

healthy controls (HC). Red scale colors indicate values are higher in HC, blue scale

colors indicate values are higher in FEP. Abbreviations: ND: neurite density map, ODI:
orientation dispersion index map, FW: extracellular free water map, ACR: anterior corona
radiata, AF: arcuate fasciculus, ATR: anterior thalamic radiation, CC: corpus callosum, CST:
corticospinal tract, EC: external capsule, IC: internal capsule, IFOF: inferior fronto-occipital
fasciculus, ILF: inferior longitudinal fasciculus, PTR: posterior thalamic radiation, SLF:
superior longitudinal fasciculus, UF: uncinate fasciculus. The color bar refers to z scores
(for illustrative purposes a range from —0.4 to 0.4 was chosen). Blue/teal color range depicts
areas of significantly higher diffusion values in patients compared to controls, yellow/red
color range depicts areas of significantly lower diffusion values in patients compared to
controls.
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positive
correlation

positive
correlation

positive
correlation

Relationships between NODDI maps and duration of untreated psychosis (DUP) in first
episode psychosis patients. Red scale colors indicate a positive correlation between DUP
and NODDI indices, blue scale colors indicate a negative relationship between DUP and
NODDI indices. Abbreviations: ND: neurite density map, ODI: orientation dispersion index

map, FW: extracellular free water map, AF: arcuate fasciculus, ATR: anterior thalamic

radiation, CB: cingulum bundle, CC: corpus callosum, EC: externa capsule, IFOF: inferior
fronto-occipital fasciculus, ILF: inferior longitudinal fasciculus IC: internal capsule, SLF:
superior longitudinal fasciculus. The color bar refers to z scores (for illustrative purposes
a range from —0.4 to 0.4 was chosen). Blue/teal color range depicts areas of significant
negative correlations between diffusion values and DUP, yellow/red color range depicts

areas of significant positive correlations between diffusion values and DUP.
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FEP (n=78) HC (n=64) tIX2F

p value

Demographic variables
Gender (% male)

Age

Parental Occupationb
Clinical variables

Diagnosis
Schizophrenia
Schizoaffective Disorder
Schizophreniform Disorder
Brief Psychotic Disorder
Bipolar Disorder with psychosis
Major Depression with psychosis
Unspecified Psychosis

Duration of untreated psychosis [in months; median, mean, (SD)]C

UDS +cannabis (%)

BPRSd

Total
Positive

Negative

RBANS®

Total index

Immediate memory

Visuospatial

Language

Attention span

Delayed memory
Scan quality data

DWIf

RMS absolute motion (mm)

RMS relative motion (mm)

64.1 64.1 0.00
23.71 (5.96) 2427 (587) 056
5.46 (4.62) 4.23 (3.99) 16.27

41
15

3

2

3

2

12

7: 2350 (40.59)

32.1

49.75 (11.47)
15.62 (4.10)
5.71(3.10)

73.49 (15.21)  92.47(10.96) 8.1
80.94 (16.68)  101.05(15.99) 6.87
7425 (11.62)  82.33(13.02) 295
80.94 (16.68)  97.50 (14.91)  4.84
79.81(16.72) 10157 (15.95) 7.43
76.25 (15.69)  90.98 (8.78)  6.62

0.39 (0.24) 0.32 (0.20) -1.90
0.007 (0.006)  0.005(0.004) -1.62

1.0
.58
43

<.01
<.01
<.01
<.01

.06
.10

FEP, first episode psychosis patient; HC, healthy control; UDS, urine drug screen; DWI, diffusion weighted image; DWI, diffusion weighted
imaging; RMS, root mean square of the six motion parameters (translations and rotations)

aMean (SD) unless indicated otherwise

bRanks determined from Diagnostic Interview for Genetic Studies (1 — 18 scale); higher rank (lower numerical value) corresponds to higher

socioeconomic status

c . .
data not available for one subject
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Brief Psychiatric Rating Scale (1 — 7 scale); positive (conceptual disorganization, hallucinatory behavior, suspiciousness and unusual thought
content); negative (emotional withdrawal, motor retardation, and blunted affect); data available for 77 patients

eRepeatabIe Battery for the Assessment of Neuropsychological Status; data available for 58 HC and 68 FEP

fdata available for 59 HC and 61 FEP
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