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First episode Patients who have recently experienced a first of episode psychosis (FEP) exhibit considerable
psychosis; heterogeneity in subcortical brain volumes. These results become even more divergent when
Magnetic resonance exploring the effect of antipsychotic medication among other clinical and cognitive features.
imaging; We aimed to contrast volumetric measures in basal ganglia and thalamus in patients with a FEP
Globus pallidus; treated with different second-generation antipsychotics. T1-weighted magnetic resonance im-
Subcortical structures; ages were obtained and subcortical structures were extracted with MAGeT-Brain. Relationships
Antipsychotic with cognitive functioning were also explored with a Global Cognitive Index obtained, on av-
medication; erage, within one month from the scan. Subgroups included: risperidone (n=26), aripiprazole
Cognition (n=22), olanzapine (n=19) and controls (n=380). The olanzapine subgroup displayed signif-

icant enlargement of the right globus pallidus volume compared with all other groups. More-
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over, despite not exhibiting poorer cognitive capacity than the rest of patients, results from
a stepwise multiple-regression linear regression analysis identified a significant negative asso-
ciation between right globus pallidus volume and scores on the Global Cognitive Index among
these patients. To our knowledge, this is the first study to associate treatment with olanzapine
with an increase in globus pallidus volume in a sample of FEP patients with a relatively short
time of antipsychotic monotherapy. Such enlargement was also found to be associated with
poorer global cognitive functioning. Exploration of the biological underpinnings of this early
medication-induced enlargement should be the focus of future investigations since it may lend
insight towards achieving a better clinical outcome for these patients.

© 2019 Published by Elsevier B.V.

1. Introduction

Investigations of first episode of psychosis (FEP) patients
are crucial to gain insight into the neurobiological and
clinical course of psychotic spectrum disorders, including
schizophrenia and bipolar disorder (Shenton et al., 2001).
The study of subcortical structures, such as the basal ganglia
and thalamus, has been of particular interest because they
represent a main target for antipsychotic medications act-
ing upon dopamine D, receptors, among other monoaminer-
gic neurotransmitter systems (Guma et al., 2018; Howes and
Kapur, 2009). Subcortical structures also play an important
role in higher cognitive functions (Afifi, 2003; Van Der Werf
et al., 2003), which have been widely reported to be im-
paired in psychosis (Levy et al., 1997).

Several magnetic resonance imaging (MRI) studies have
demonstrated differences in subcortical structure in pa-
tients with schizophrenia and bipolar disorder as compared
to controls (Rimol et al., 2010). In schizophrenia, results
from a large meta-analysis exploring 2028 patients with
schizophrenia and 2540 controls showed larger pallidum
and lateral ventrical volumes, as well as smaller hippocam-
pus, amygdala, thalamus, accumbens and intracranial vol-
umes (Van Erp et al., 2016). However, among FEP pa-
tients including those with affective psychosis, results are
more heterogeneous. When FEP patients are compared to
healthy controls, some studies show a decrease in volumes
of the caudate, the putamen and the thalamus (Crespo-
Facorro et al., 2009), whereas others report increased vol-
umes (Makowski et al., 2018), and even a lack of significant
differences between groups (Lang et al., 2001). These re-
sults become even more contradictory when exploring the
effect of antipsychotic medication (Ebdrup et al., 2011;
Glenthoj et al., 2007), a factor that could significantly con-
tribute to these heterogeneous findings.

Antipsychotics are reported to induce substantial and
long-lasting alterations in subcortical structures. Such ef-
fects have been explained in the context of D,-receptor
blockade, causing a disruption of normal homeostatic mech-
anisms within target neurons (Andersson et al., 2002).
This is believed to produce a number of compensatory
changes, including increased blood flow in basal ganglia vol-
ume (Goozée et al., 2014). Thus, whereas typical agents
have been widely related to basal ganglia enlargement
(Chakos et al., 1994), atypical antipsychotics seem to have
heterogeneous effects, suggesting a differential response as
a function of the type of atypical agent and the dose taken
(Andersson et al., 2002; Dazzan et al., 2004). In schizophre-
nia, volumetric changes in the basal ganglia do not occur in

a linearly predictable fashion; a relevant review has shown
that subcortical increases are specifically linked with olan-
zapine and risperidone treatment, rather than all atypical
antipsychotics (Ebdrup et al., 2013). As mentioned, studies
with FEP patient samples also suggest such relationships,
further providing evidence that these changes can be ob-
served with as little as 3-4 weeks of antipsychotic treat-
ment (Chua et al., 2009). Such differential effects on brain
volume might be supported by an antipsychotic’s specific
clinical profile. For instance, aripiprazole is a partial D,-
receptor agonist, a 5-HT,s-receptor antagonist and a par-
tial 5-HTqa.receptor agonist, whereas risperidone and olan-
zapine are principally D,- and 5-HT,,-receptor antagonists,
with olanzapine exhibiting lower affinity for dopamine D,
than risperidone (Mauri et al., 2014). Studying relatively
drug-naive FEP patients offers a unique and valuable oppor-
tunity to explore the effects of different atypical antipsy-
chotic medications as these patients undergo treatment.

On the other hand, it has been argued that cognitive
deficits represent a core dimension of psychotic disorders
(Milev et al., 2005). Such deficits may be strong predictors
of patients’ real-world functioning and already observable
in the early stages of the disorder, even before the initia-
tion of neuroleptic treatment (Lutgens et al., 2014). One
possible avenue is to explore such deficits in relation to ab-
normalities of subcortical structures, especially taking into
account the crucial roles that these structures play in cogni-
tive and motor functioning through basal ganglia-thalamo-
cortical feedback (Afifi, 2003; Van Der Werf et al., 2003).
However, the relationship between subcortical volumes and
cognitive deficits in FEP patients remains to be elucidated.

The primary aim of the present study was to extend pre-
vious MRI studies by investigating subcortical structural vol-
ume differences of the basal ganglia and thalamus in three
subgroups of FEP patients taking different atypical antipsy-
chotics (i.e. risperidone, olanzapine and aripiprazole) in
comparison with a healthy control group. In addition, we
also explored whether cognitive abilities relate to subcorti-
cal volumes differently across these three types of atypical
antipsychotics.

2. Method

2.1. Participants

Sixty-two FEP patients and 80 controls were included in the current
study. All patients were recruited from the Prevention and Early
Intervention Program for Psychoses (PEPP-Montréal) at the Dou-
glas Institute, and were part of a longitudinal naturalistic outcome
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study. PEPP is a specialized early intervention service for individuals
between the ages of 14 and 35 who are experiencing a FEP within
a local catchment area of Southwest Montréal, Canada. Details are
outlined elsewhere (lyer et al., 2015). The program involves a com-
prehensive approach with low dose antipsychotic pharmacotherapy
and a variety of psychosocial interventions provided within the con-
text of a modified assertive case management model.

Inclusion criteria for patients included: age >18 years, diagnosis
of affective or non-affective psychosis, 1Q > 70, previous treatment
with antipsychotic medication for a maximum of one month, no ma-
jor medical disorders that could explain the psychotic symptoms,
and having achieved sufficient clinical stability for both the scan-
ning procedure and the neuropsychological evaluation. Baseline MRI
scans were selected from a larger longitudinal neuroimaging study
(see Makowski et al., 2016, 2017). Scans were acquired about 0.99
to 7.80 months after entry to PEPP. Controls were recruited through
advertisements within the same local catchment area. In addition
to exclusion criteria listed for FEP patients, controls were excluded
if they had any current/past history of Axis | disorders, and/or a
first-degree relative suffering from schizophrenia or a related spec-
trum disorder.

Of the 149 FEP patients and 95 controls with MRI scans ac-
quired, 47 were removed due to: missing neuropsychological data
(n=12) and not meeting quality control standards (see Section 2.6)
(n=35). Patients were additionally removed due to: missing key
pharmacological data (n=1), medication adherence below 50% as
defined by Cassidy et al. (2010) (n=23), antipsychotics polyphar-
macy (n=13) and insufficiently sized subgroups (n=13; see Fig. 1).

Participants of this latter group were excluded as any results
would have been uninterpretable due to small subgroup sizes. Final
sample size was 67 FEP [risperidone (n=26); aripiprazole (n=22);
olanzapine (n=19)] and 80 controls. All participants provided writ-
ten informed consent. Research protocol was approved by the Re-
search Ethics Board of the Douglas Mental Health University Insti-
tute and that of the McGill University Faculty of Medicine.

2.2. Clinical assessment and demographic data

Diagnosis was made using the SCID-I for DSM-IV Axis | disorders
First et al., 1997 performed by a trained interviewer and con-
firmed by a research psychiatrist. Symptoms and severity of ill-
ness were assessed using the Positive and Negative Syndrome
Scale (PANSS; Kay et al., 1987), the Calgary Depression Scale
for Schizophrenia (Addington et al., 1990) and the Young Mania
Rating Scale (Young et al., 1978). Parental socioeconomic status
(Hollingshead, 1965), handedness (Oldfield, 1971) and full-scale 1Q
(Wechsler, 1999, 1997a) were assessed for all participants.

2.3. Antipsychotic treatment groups

Daily dose of antipsychotic medication was first converted to chlor-
promazine equivalents according to Leucht et al. (2015), and then
multiplied by percent medication adherence (Cassidy et al., 2010).
As per treatment guidelines at PEPP-Montréal, all patients were of-
fered an atypical antipsychotic at program entry. The antipsychotic
treatment provided is determined by the treating psychiatrist while
considering tolerability and side-effect profiles, and considering
the preference that the patient may have. Medication adherence
was determined using a validated protocol based on composite
information collected from the patient, family members, and treat-
ing team, where medication adherence was classified as follows:
0 = =never (0%), 1 = =very infrequently (1-25%), 2 = =sometimes
(26-50%), 3 = =quite often (51-75%), and 4 = =fully (76-100%)
(Cassidy et al., 2010). Patients were then separated into subgroups
based on the type of antipsychotic taken. As previously mentioned,

to be considered for a subgroup, patients had to take one type
of antipsychotic from entry to the clinic until their first scan with
a monthly average adherence above 50%. Patients who outright
refused antipsychotic treatment or had less than 50% adherence
were categorized into the “refused-antipsychotics” subgroup. In
the risperidone subgroup, 9 patients were being treated with long-
acting injectable antipsychotic medication. Length of treatment
prior to scanning after a patient experienced a FEP was calculated
based on time elapsed between entry to the clinic and baseline
MRI scan in order to explore the effect of exposure to medication
on subcortical volume across the three subgroups of patients.

2.4. Neuropsychological evaluation

All patients were approached within one month prior to the
MRI acquisition for a standardized neuropsychological evalu-
ation (M=0.88, SD = =2.30). As previously presented in
Benoit et al. (2015), these assessments had been administered using
two different neuropsychological batteries: (i) from 2003 to 2010 in
pen and paper format, and (ii) from September 2010 in a computer-
ized format by using the CogState Research Battery (Pietrzak et al.,
2009). To explore cognitive domains, we included 6 of the 7 do-
mains of the MATRICS battery (Green and Nuechterlein, 2004) -
i.e., processing speed, attention, working memory, visual memory,
verbal memory and executive function. Comparability of both bat-
teries on FEP patients’ performance has been empirically tested
and published by our group (Benoit et al., 2015). Table 1 summa-
rizes the corresponding tests for each battery. Testing with con-
trols was done during the same time period with each battery.
All of the test scores were transformed into standard equivalents
(z-scores) using the mean and standard deviation of performance
from the controls, such that higher values indicated better perfor-
mance. An overall cognitive performance score (Global Cognitive
Index, GCI) was explored by averaging scores over the six cognitive
domains.

2.5. Magnetic resonance imaging acquisition

Scanning was carried out at the Montréal Neurological Institute
(MNI) on a 1.5 T Siemens Sonata whole body MRI system. Structural
T1 volumes were acquired for each participant using a three dimen-
sional gradient echo pulse sequence with sagittal volume excitation
(repetition time = =22 ms, echo time = =9.2 ms, flip angle = =30,
180 1 mm contiguous sagittal slices). The rectangular field of view
(FOV) for the images was 204 mm (SI) 256 mm (AP).

2.6. Image processing and quality control procedures

Subcortical structures [striatum (including pre/postcommissural
caudate and putamen, and nucleus accumbens), GP, thalamus]
were extracted bilaterally using the Multiple Automatically Gener-
ated Templates (MAGeT)-Brain algorithm (Chakravarty et al., 2015;
Pipitone et al., 2014) (https://github.com/CobraLab/MAGeTbrain)
(Fig. S1). This method has previously been shown by our
group to have high accuracy compared to other openly avail-
able segmentation toolboxes (Makowski et al., 2018). Atlases
for the subcortical structures of interest were compiled from
previous work, which reconstructed and warped a histologi-
cal data set to an MRI-based template. This technique uti-
lizes histological data described previously (Chakravarty et al.,
2006) (https://github.com/CobralLab/atlases). Twenty-one tem-
plates were chosen based on recommended best practices
for MAGeT (https://github.com/CobralLab/documentation/wiki/
Best-Templates-for-MAGeT), where labels from the atlases were
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MRI completed
n=244

|
FEP patients

n=149
No neuropsychological
evaluation (n=5)
n=144
Not passing neuroimaging
quality standards* (n=27)
n=117
Pharmacological key data
missing (n=1)
n=116
Medication adherence
between <50% (n=23)
n=93

Included
n=67

Risperidone (n=26)
Aripiprazole (n=22)
Olanzapine (n=19)

Fig. 1
Resonance Imaging; FEP: first episode of psychosis.

registered to each individual subject, which acted as candidate
templates. Each atlas label was then warped to the candidate
templates, and the highest quality labels for 21 subjects, com-
prising 10 controls and 11 patients, were selected by an expert
rater (CM). These 21 subjects were then used as the final tem-
plates in the MAGeT-Brain pipeline, a number shown to be opti-
mal based on previous work (Pipitone et al., 2014). Customization
of atlas labels to templates was conducted using a nonlinear reg-

Controls
n=95
No neuropsychological
evaluation (n=7)

n=88
Not passing neuroimaging
quality standards* (n=8)

n=80

Excluded
n=26

— Polypharmacy (n=13)
— Ziprasidone (n=4)
— Quetiapine (n=3)

— Asenapine (n=3)

— Clozapine (n=2)

— Haloperidole (n=1)

Sample flow-chart. *Neuroimaging quality control standards are detailed in Section 2.6 of the present article. MRI: Magnetic

istration where transformations were estimated with a version of
Automatic Normalization Tools (ANTS) compatible with the minc-
toolkit (https://github.com/vfonov/mincANTS). Next, each tem-
plate is used to segment each subject, yielding a total of 21 can-
didate labels followed by majority-vote label fusion (Collins and
Pruessner, 2010).

Appendix S1 presents corresponding quality control and man-
ual correction procedures, along with Kappa and Jaccard sim-
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Table 1

Neuropsychological evaluation: batteries and tests descriptions.

Cognitive domain

Pen and paper battery

CogState research battery

Test

Outcome measure

Test

Outcome measure

Processing speed

Attention

Digit symbol®

Trail making test A°
Stroop test: word®
Stroop test: color®
D2 test

Stroop test:

Number of correct
symbols in 120s

Completion time

Number of correct
words read in 1 min
Number of correct
colors read in 1 min
Concentration
performance
Number of correct

Groton maze chase test

Detection task

Identification task

One-back task two-back
task

One-card learning task

Continuous paired
associate

Groton maze learning
task: delayed recall
International shopping
list: immediate recall
International shopping

Average number of
correct moves per
second

Average reaction time
for correct responses

Response accuracy

Response accuracy

Response accuracy
Response accuracy
Total number of errors
Total number of words

recalled over 3 trials
Total number of words

inhibition® colors read in 1 min
Working memory Digit span Raw score
Corsi spatial span® Raw score
Visual memory Visual reproduction: Raw score
immediate recall®
Visual reproduction: Raw score
delayed recall®
Verbal memory Logical memory: Raw score
immediate recall®
Logical memory: Raw score
delayed recall®
Logical memory: Raw score
recognition®
Executive Block design® Raw score
functions

Trail Making test B®

Completion time

list: delayed recall recalled

Groton maze learning Total number of errors
task after 5 trials
Set-shifting task Response accuracy

a8 Wechsler (1997a).

b Reitan (1992).

¢ Stroop (1935).

d Brikenkamp and Zillmer (1998).
€ Wechsler (1997b).

ilarity indices calculations as previously reported by our group
(Makowski et al., 2018).

2.7. Statistical analyses

Absolute and relative frequencies were calculated for categori-
cal variables. Continuous variables were assessed using the mean
(M) and standard deviation (SD) for normally distributed variables,
and the median and interquartile range (IQR) for non-normally dis-
tributed variables. Sample characteristics and neuropsychological
performance were analyzed by using one-way ANOVAs for continu-
ous variables and Kruskall-Wallis H-tests for nominal variables. Sub-
cortical structure volume differences were analyzed using a univari-
ate general linear model including age at scan, total brain volume,
and sex as covariates. The False Discovery Rate (FDR; Benjamini and
Hochberg, 1995) was applied to account for multiple comparisons
across the six structures explored (i.e., right and left striatum, tha-
lamus and GP), and for individual striatal substructures as well. Post
hoc comparisons were then calculated using a Bonferroni correction
for the structures showing significant FDR-corrected differences.
The analysis above was used to inform which subcortical struc-
tures should be included in the next set of analyses. Pearson’s

product moment correlation coefficients were calculated between
GCl and subcortical volumes (informed from analysis 1) with age
at scan, total brain volume and sex as covariates. Stepwise mul-
tiple regression analyses were conducted to examine the associa-
tions between cognitive functioning and the subcortical structure
volume that was significantly correlated. Possible confounding fac-
tors such as age, sex, total brain volume, antipsychotic chlorpro-
mazine equivalents multiplied by percent medication adherence,
and PANSS’ positive and negative scales were included in the mod-
els. SPSS version 17.0 was used for statistical analyses. All statisti-
cal tests were two-tailed, and significance was determined at the
0.05 level.

3. Results

As presented in Table 2, there were no significant between-
group differences for sex, age, parental socioeconomic sta-
tus, or handedness. However, there were significant dif-
ferences between patients and controls in education level,
where controls completed more years of education and had
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Table 2 General characteristics of the sample.
Risperidone Aripiprazole Olanzapine Controls Statistic (p-value) Post-hoc
(n=26) (n=22) (n=19) (n=280) test
Female gender, n 7 (26.90) 9 (40.90) 7 (36.80) 29 (36.30) X2=1.144 (0.766) -
(%)
Age (years) 23.88 (3.63) 24.29 (4.88) 24.72 (3.31) 24.35 (3.36) F=0.202 (0.895) -
Educational level 11.65 (2.40) 12.18 (2.50) 12.68 (2.58) 14.40 (2.43) F=11.133 hc>r,0,a
(years) (0.000)
Parental SES* 3.29 (1.12) 2.73 (0.88) 3.25 (0.86) 3.00 (1.03) X2=4.067 (0.254) -
Handedness 22 (84.60) 18 (81.80) 16 (84.20) 74 (92.50) X2=2.679 (0.444) -
(right), n (%)
Premorbid 1Q 98.27 (15.64) 99.82 (10.26) 99.42 (14.56) 110.76 F = 8.562 (0.000) hc>r,0,a
(14.07)

Clinical ratings
Diagnosis, n (%)

SSD 21 (80.80) 12 (54.50) 12 (63.20)

Affective disorder 2 (7.70) 7 (31.80) 6 (31.60)

Delusional 0 (0.00) 1 (4.50) 0 (0.00)

disorder

Psychosis NON 3 (11.50) 2 (9.10) 1 (5.30)

GAF, median (IQR) 50 (39-60) 45 (36-68) 51 (40-61) - F=0.032 (0.968) =

AP treatment 550.92 675.03 843.76 - F=0.181 (0.835) -
(538.41) (656.75) (576.41)

AP adherence 100 (92-100) 100 (89-100) 96.63% - F=1.944 (0.151) -

rate, (%)

Duration of AP 13.54 14.54 13.52 - F=0.002 (0.998) -

treatment (7.87-21.41) (7.91-20.03) (7.32-19.40)

(weeks), median

(IQR)

PANSS

Positive symptoms 11.73 (4.47) 12.41 (5.51) 11.74 (4.50) - F=0.144 (0.866) -

Negative 26.77 (8.80) 28.18 (11.75) 24.53 (7.41) - F=0.756 (0.474) -

symptoms

General 27.18 (6.62) 30.05 (9.96) 26.42 (6.68) - F=1.117 (0.333) -

psychopathology

Total score
CDSS, total score
YMRS, total score

66.31 (18.50)
3.46 (3.58)
2.58 (3.51)

70.64 (25.63)
4.68 (6.08)
2.64 (2.97)

62.68 (16.29)
3.11 (3.45)
2.63 (2.65)

F=0.768 (0.468)
F=0.712 (0.495)
F=0.003 (0.997)

Note. Values presented as means (standard deviation) unless otherwise specified. hc: healthy controls; r: risperidone subgroup; o: olanzapine
subgroup; a: aripiprazole subgroup; 1Q: Intelligence Quotient; SSD: Schizophrenia Spectrum Disorders; NOS: Not Otherwise Specified; GAF:
Global Assessment of Functioning; AP: daily dose of antipsychotic treatment - milligrams per day of chlorpromazine equivalents; PANSS:

Positive and Negative Syndrome Scale; YRMS: Young Rating Mania Scale; CDSS: Calgary Depression Scale for Schizophrenia; HAS: Hamilton
Anxiety Scale. *Hollingshead parental Socio-Economic Status (SES): 1=high SES and 5=low SES.

higher premorbid IQ. Between the FEP subgroups, there
were no significant differences in any of the clinical vari-
ables. GCI score was significantly different between the
three subgroups of patients and the controls, with post-hoc
analyses revealing that all subgroups of patients presented
lower z-scores in comparison with the controls (F=12.986,
p < 0.001; Fig. 2).

3.1. Manual correction reliability of
caudate/ventral striatum volumes

Comparison of intra-rater reliability for the two raters and
inter-rater agreement for nine sets of labels (belonging to 6
controls and 3 FEP patients) that were manually corrected
are outlined in Appendix S1. Dice kappa indices were high

for all structures and for both raters, where « ranged from
0.90 to 1.00.

3.2. Volume comparison of subcortical structures

After FDR correction, significant differences were only ob-
served between groups in the right GP volume (F=5.174,
p=0.012) and in the left GP volume (F=3.652, p=0.042),
after covarying for total brain volume, age and sex. Bon-
ferroni post-hoc analysis of GP volume differences between
medication subgroups revealed that patients taking olan-
zapine had significantly greater right GP volume than the
controls (p=0.010). No other significant between-groups
differences were observed in the striatum or the thala-
mus (Table S1). Exploratory correlational analysis of sub-
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1.0 ~

0.5 -
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GCl, mean z-score

-1.5 A

—_—

-2.0

Risp Aripip
(n=22)

(n=26)

Control
(n=80)

Olanz
(n=19)

Fig. 2 Neuropsychological evaluation: differences between groups of study. Risp: Risperidone; Aripip: Aripiprazole; Olanz: Olan-
zapine; GCl: Global Cognitive Index. Note that the errors bars represent standard deviation.

Table 3 Results of the stepwise multiple linear regression analysis of selected variables predicting right GP volume in the Olanza-

pine subgroup.

Unstandardized coefficients 95% confidence interval for B Standardized t Sig.
B Standard Lower Upper coefficients
error bound bound Beta
Right GP
TBV 0.795 0.146 0.485 1.106 0.791 5.461 <0.001
GCl —60.299 24.124 -111.717 —8.880 —0.362 —2.500 0.025

TBV: Total Brain Volume; GCI: Global Cognitive Index.

cortical volumes and total length of antipsychotic exposure
only revealed a statistically significant positive relationship
between weeks of exposure and left precommissural cau-
date in the group of patients taking aripiprazole (r=0.541,
p=0.017; partial correlation controlling for total brain vol-
ume, age and sex). The association did not remain signifi-
cant after FDR correction (p=0.153).

3.3. GP volumes and cognitive function

Given the significant results with GP volume, partial cor-
relations controlling for total brain volume, age and sex,
were calculated for each subgroup of patients between
this structure and overall cognitive function. Significant
negative correlations were observed in the olanzapine
subgroup between right GP volume and z-scores on the GCl
(r = =—0.533, p=0.041). No significant results were found
in the risperidone or the aripiprazole subgroups.

3.4. GP volumes and regression model

To better understand the different factors contributing to
GP volumes, the following variables were included in a
stepwise linear regression model: GCI, TBV, age, sex, med-
ication, PANSS’ positive scale and PANNS’ negative scale

scores. The final model identified two of the initial vari-
ables as predictors of the right GP volume in the subgroup
of patients taking olanzapine: total brain volume and GCI
(Table 3). The model provided a good fit to the data, as
it predicted a large amount of the variability of the right
GP volume (F=16.674, p=0.025; adjusted R? = =0.648).
Breaking down the unique variance of each of these two
variables on right GP volume, the semipartial correlation
with TBV was 0.785 (p < 0.001), and —0.359 (p = 0.025) with
GCl.

4. Discussion

The present study investigated how antipsychotic medica-
tion and cognitive capacity are associated with subcorti-
cal volumes in patients who have recently experienced a
first episode of psychosis. Two key findings emerged: firstly,
FEP patients taking olanzapine showed a significantly larger
right GP volume than the other subgroups of patients and
the controls; second, global neurocognitive functioning was
negatively associated with right GP volume enlargement in
the olanzapine subgroup. No other significant associations
were observed in any of the other groups of study.

To our knowledge, this is the first study to report GP vol-
ume enlargement in a group of FEP patients taking olan-
zapine after a relatively short time of treatment. Present
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results seem to be in line with those of previous studies that
have positively associated basal ganglia volume with daily
dose of antipsychotic medication in enduring schizophre-
nia (Ebdrup et al., 2013; Van Erp et al., 2016). However,
although knowledge of the brain processes involved in the
therapeutic effects of antipsychotic drugs is crucial for un-
derstanding the neurobiology of psychotic disorders, the un-
derpinnings of basal ganglia volume increases induced by
antipsychotics still remains poorly understood. Some au-
thors have explained this volumetric increase in the con-
text of dopamine-D, receptor blockade, a class of recep-
tors highly expressed in the basal ganglia (Howes and Ka-
pur, 2009). Intriguingly, other authors have associated basal
ganglia volume change with increases in blood flow in these
brain regions after antipsychotic treatment (Goozée et al.,
2014). There is a need to streamline such analyses by com-
paring across multiple scales of evidence to build a mech-
anistic model of the impact of antipsychotic medication
on brain structure. Our study represents findings at the
macroscale level. The link to finer scales requires preclinical
studies such as Guma et al. (2018) and Vernon et al. (2011),
where the impact of different antipsychotic medications on
brain structure can be further investigated at meso- and
even micro-scale levels through histological analyses in the
same animals.

The present study focused on the alterations in brain
structure as a function of the exposure to different atypical
antipsychotics, a topic that has elicited prior interest and
investigation. A relevant systematic review (Ebdrup et al.,
2013) has described how exposure to specific antipsychotic
monotherapy is differentially related to volume increases
in subcortical structures in patients with schizophrenia and
non-affective psychosis. Although results with FEP patients
seem to point in the same direction, these study designs
are still rather scarce (Glenthoj et al., 2007). Despite the
dearth of such studies in the literature, our results do
seem to be consistent with previous research and also sup-
port the notion that individual medications might have
their own unique pharmacological and side effect profiles
(Leucht et al., 2009).

Indeed, the three antipsychotics included in this study
have different pharmacodynamic properties; i.e., olanza-
pine has the highest affinity for 5-HT,, but lower affinity for
D, compared to aripiprazole and risperidone (Mauri et al.,
2014). Thus, it could be possible that such differential phar-
macological profiles of olanzapine and the other two an-
tipsychotics may be contributing to the mechanism underly-
ing our finding of increased GP volume at an early stage of
the illness specific to the olanzapine group. Further studies
are needed to better describe the effects of different neu-
roleptic agents and the specific neurochemical mechanisms
involved.

Intriguingly, such volumetric enlargement seems to take
place quickly in the first weeks of treatment - i.e., no re-
lationship with duration of olanzapine exposure and GP vol-
umes was found. This result provides some evidence to sug-
gest that the observed group differences emerge very early
after initiation of the treatment and plateau rapidly; a spec-
ulation that should be tested further with a longitudinal
study design. Previous studies have also reported subcor-
tical volume increases after a short time of atypical an-
tipsychotics exposure (Chua et al., 2009), although more

research is required to better understand the mechanisms
of such rapid enlargement.

Moreover, such enlargement appears to be lateralized
- i.e., patients taking olanzapine presented significantly
greater volume in the right GP, but the same was not found
for the left hemisphere. Indeed, previous studies have re-
ported such lateralization in brain abnormalities in patients
with schizophrenia and other psychotic disorders (for in-
stance, see Lappin et al., 2006). However, it is possible that
more subtle abnormalities are also present in the left GP,
but were not detected in this study due to modest sample
sizes.

Other variables known to influence subcortical structure,
such as neurocognition, may also help inform the rela-
tionship between subcortical structure and antipsychotic
medication exposure. Indeed, another key finding of this
study was that increases in GP volumes in the olanzap-
ine subgroup were significantly related to poorer global
cognitive functioning. This significant relationship was not
found to be associated with positive or negative symptom
severity, and was not observed in the other FEP subgroups
and controls. Surprisingly few studies have systematically
examined this relationship in early psychosis. However,
there are several reports of significant associations in
schizophrenia and bipolar disorder between a higher degree
of executive function deficits and abnormalities of sub-
cortical structures (Hartberg et al., 2011). Our study adds
to evidence supporting meaningful cognition-subcortical
structure relationships in psychosis, specifically in patients
exposed to olanzapine. This is consistent with previous
research in non-clinical populations demonstrating the
involvement of basal ganglia in higher cognitive function
(Afifi, 2003). In addition, cognitive functioning has been
proposed as an important predictor of everyday functioning
in psychotic disorders (Kahn and Keefe, 2013); thus, the
present results might be of particular relevance as they
seem to reveal how short-term exposure to a specific
antipsychotic might be differentially impacting cognitive
abilities at a very early phase of the illness.

Present results are strengthened by the fact that our
patients had a relatively limited exposure to antipsy-
chotic medication, and were recruited from a well-defined
catchment area with no competing clinical services and,
therefore, are truly representative of people with FEP in
the Montreal area with varying severity. Furthermore, we
removed those who were taking multiple antipsychotics,
antidepressants or mood stabilizers. However, there are a
number of limitations to consider. Firstly, the sample size
of each FEP subgroup was relatively small which may have
limited the generalizability of our findings. It would be ideal
to replicate present results with an independent sample.
However, to date, our analysis represents the largest sized
cross-sectional multigroup investigation of basal ganglia
change among FEP patients in relation to exposure to
specific atypical antipsychotic medications. Second, the
present study has the limitations of a cross-sectional design;
causal relationships between GP volumetric enlargement
and cognitive impairment should be further explored with a
longitudinal approach. Although a longitudinal randomized
controlled trial (RCT) may be optimal to answer such a
question, assigning FEP patients to a single antipsychotic
medication and maintaining patients on one antipsychotic
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in early phases of the illness comes with considerable
challenges and limits feasibility; thus, preclinical studies,
such as the recent investigation by Guma et al. (2018) as-
sessing brain volume changes after different antipsychotic
medication administration in a mouse model, are highly
relevant and necessary to better understand the impact
of these medications at the macroscale level. Third, the
neuropsychological assessments were administered in two
different formats which may have compromised the validity
of the cognitive domains explored. It should also be noted
that the olanzapine subgroup was entirely assessed by
using only the pen and paper battery. However, care was
taken to standardize scores against non-clinical controls
for each neuropsychological test battery, and the two
batteries have been found to be relatively comparable as
shown previously by our group (Benoit et al., 2015). We also
focused on a general cognitive index to overcome potential
cognitive domain-specific limitations of battery. Fourth,
although our patients demonstrated an overall medication
adherence above 80% using a reliable and validated method
(Cassidy et al., 2010), it was not possible to monitor the
direct intake of medication. Further, the estimation of
chlorpromazine equivalents based on converting medica-
tion doses across different antipsychotic classes is limited
in the sense that individual differences in pharmacological
response to these medications cannot be assessed; rather
this conversion is more strongly based on clinical effects
than objective measurement of individual biology. Future
studies may consider employing long-acting injectables to
ensure adherence or measure medication plasma levels as
an objective method to confirm actual medication adher-
ence and dosage. It should also be noted that some of the
patients were previously exposed to antipsychotic medica-
tion prior to entry to the PEPP clinic (i.e. no more than 30
days of prior cumulative antipsychotic exposure), and this
was not included in our duration of exposure estimation.

In conclusion, the current study found a significant dif-
ference between right GP volumes between FEP patients
and controls, specifically within patients taking olanzap-
ine. Among the subgroup of patients taking olanzapine, in-
creases in pallidal volumes were significantly related to
poorer global cognitive functioning. No other significant
associations were found with any of the other antipsy-
chotic agents included in this study in comparison with the
controls. Present results suggest that particular attention
should be given to subcortical regional brain volumes and
pathophysiology of psychotic disorders, as they may be in-
fluenced by the type of antipsychotic medication taken.
This may have direct implications for the choice of treat-
ment in clinical settings.
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