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Abstract

Background. Enlarged pituitary gland volume could be a marker of psychotic disorders.
However, previous studies report conflicting results. To better understand the role of the pitu-
itary gland in psychosis, we examined a large transdiagnostic sample of individuals with
psychotic disorders.

Methods. The study included 751 participants (174 with schizophrenia, 114 with schizoaffect-
ive disorder, 167 with psychotic bipolar disorder, and 296 healthy controls) across six sites in
the Bipolar-Schizophrenia Network on Intermediate Phenotypes consortium. Structural mag-
netic resonance images were obtained, and pituitary gland volumes were measured using the
MAGeT brain algorithm. Linear mixed models examined between-group differences with
controls and among patient subgroups based on diagnosis, as well as how pituitary volumes
were associated with symptom severity, cognitive function, antipsychotic dose, and illness
duration.

Results. Mean pituitary gland volume did not significantly differ between patients and
controls. No significant effect of diagnosis was observed. Larger pituitary gland volume was
associated with greater symptom severity (F=13.61, p=0.0002), lower cognitive function
(F=4.76, p=0.03), and higher antipsychotic dose (F=5.20, p=0.02). Illness duration was
not significantly associated with pituitary gland volume. When all variables were considered,
only symptom severity significantly predicted pituitary gland volume (F =7.54, p = 0.006).
Conclusions. Although pituitary volumes were not increased in psychotic disorders, larger
size may be a marker associated with more severe symptoms in the progression of psychosis.
This finding helps clarify previous inconsistent reports and highlights the need for further
research into pituitary gland-related factors in individuals with psychosis.

Introduction

Psychotic disorders are among the leading contributors of negative life outcomes and trajec-
tories (Guilera et al., 2012). Identifying biomarkers of psychotic disorders could help predict
outcomes and guide personalized treatments (Kraguljac et al., 2021). Enlarged pituitary gland
is observed in the development of psychosis and could be a useful biomarker (Takahashi et al.,
2013). However, it remains unclear whether enlarged pituitary gland is a state or trait marker
of individuals with psychotic disorders (Aiello, Horowitz, Hepgul, Pariante, & Mondelli, 2012;
Nordholm et al., 2013; Shah et al., 2015).

Previous studies investigating pituitary gland volume in psychotic disorders report mixed
findings. On one hand, studies find significantly larger pituitary glands in individuals living
with psychotic disorders compared to controls (Biischlen et al., 2011; Pariante et al., 2005,
2004; Takahashi et al., 2018, 2013, 2011). On the other hand, studies report significantly smaller
pituitary glands, as well as non-significant differences (Gurok et al., 2019; Habets et al., 2012;
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Klomp, Koolschijn, Hulshoff Pol, Kahn, & Van Haren, 2012;
Nicolo et al., 2010; Upadhyaya, El-Sheikh, MacMaster, Diwadkar,
& Keshavan, 2007). There is an important heterogeneity in the
various clinical diagnoses included in those studies which could
in part explain those mixed results. There is also minimal research
investigating pituitary gland volume in bipolar disorder with
psychotic episodes which have yielded mixed results (Clark,
Mackay, & Goodwin, 2014; Delvecchio et al., 2018; Delvecchio,
Altamura, Soares, & Brambilla, 2017; Sassi et al., 2001).

In a meta-analysis, Nordholm et al. (2013) report solely a
trending significant effect for a larger pituitary gland volume in
ultra-high-risk individuals who transitioned to psychosis and in
individuals experiencing a first episode of psychosis. No significant
or trending significant differences in pituitary gland volume are
found among individuals living with more enduring schizophre-
nia. Similarly, a more recent meta-analysis by Saunders,
Mondelli, and Cullen (2019) found that high risk individuals
(i.e, with schizotypal personality disorder and psychotic-
experiences) show a significant increase in pituitary gland volume.
However, no significant differences in pituitary gland volume were
observed in clinical high-risk individuals and individuals with
family history of psychosis (Saunders et al, 2019). Consistent
with previous meta-analyses, the authors observed that individuals
who later transitioned to developing psychosis had a significantly
increased pituitary volume compared to controls. The authors sug-
gest that pituitary volume enlargement may serve as a proxy for
illness severity. Shah et al. (2015) also observed larger baseline
pituitary gland volume in individuals at familial risk of psychosis
who later developed psychosis. Those findings suggest a greater
vulnerability of the pituitary gland function in the early stages of
the illness (Klomp et al., 2012; Soni et al., 2017).

The pituitary gland is a dynamic organ and multiple factors
can impact its volume over the risk period, onset, and course of
the illness. Yet, whether the factors associated with psychosis are
related to the volume of the pituitary gland remain to be elucidated
(Borges, Gayer-Anderson, & Mondelli, 2013). Increased pituitary
gland volume is positively correlated with positive schizotypal
score in youth at familial risk for psychosis (Shah et al., 2015).
Some data also suggest that pituitary gland volume enlargement
is associated with less improvement in psychotic symptoms in
individuals with early psychosis (Garner et al., 2005; Takahashi
et al, 2011). Cognitive symptoms, such as impaired memory
and executive functioning, are also associated with abnormal
hypothalamic—pituitary-adrenal (HPA) axis functioning, and are
known to be a core feature of individuals with psychotic disorders
(Cullen et al.,, 2014; Hill et al,, 2013; Kelly et al., 2019; Walder,
Walker, & Lewine, 2000). Changes in pituitary gland volume dur-
ing the early stages of psychotic disorders may be associated with
an exacerbation of clinical and cognitive symptoms.

Furthermore, antipsychotic medication may impact pituitary
gland volume. In fact, antipsychotic treatment can result in an
enlargement of the pituitary gland in individuals with first-episode
and enduring schizophrenia (Klomp et al., 2012; MacMaster et al,
2007; Takahashi et al., 2018). However, studies observe similar
pituitary gland volume enlargement in prodromal and
antipsychotic-naive patients compared to controls, which suggests
that pituitary gland volume may not be solely influenced by anti-
psychotic medication (Pariante et al., 2005; Takahashi et al., 2009).
Also, Nicolo et al. (2010) report that when administered in a dose-
dependent manner, atypical antipsychotics reduce pituitary gland
volume, in contrast to previous studies. These mixed results high-
light the need for further research with larger samples.
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The ability to identify biomarkers for psychotic disorders has
the potential to both forecast outcomes and support the imple-
mentation of tailored treatment plans (Kraguljac et al., 2021).
The current study aims to determine whether individuals with
psychotic disorders have larger pituitary gland volumes compared
to healthy controls and to investigate the clinical associations of
pituitary volumes.

To accomplish this goal, the pituitary gland volume was
measured for the first time in a large and transdiagnostic
group of individuals with psychotic disorders (including
schizophrenia (SZ), schizoaffective disorder (SZA), and psych-
otic bipolar disorder (PBD)) using an automated multi-atlas seg-
mentation pipeline. We investigated factors that may be related to
the pituitary gland function and are important for psychosis, such
as the severity of clinical symptoms, duration of illness, cognitive
symptoms, and the level of medication intake (as measured by
the chlorpromazine (CPZ) equivalent dosage).

We hypothesized that individuals on the psychosis spectrum
would have larger pituitary glands than healthy controls.
Furthermore, we hypothesized that an enlarged pituitary gland
will be associated with greater severity of clinical symptoms,
shorter duration of illness, higher level of cognitive impairments
and higher dosage of antipsychotic treatments.

Methods and materials
Participants

Participants were recruited as part of the Bipolar-Schizophrenia
Network on Intermediate Phenotypes (B-SNIP1) study, through
regional advertising for research in Baltimore, Maryland;
Boston, Massachusetts; Chicago, Illinois; Dallas, Texas; and
Hartford, Connecticut. The participants engaged in the full clin-
ical characterization and dense phenotyping, which included
brain imaging assessments and electrophysiological assessments.
Recruitment, interviews, and data collection were completed at
each B-SNIP consortium site. Full details for B-SNIP1 are avail-
able in Tamminga et al. (2014). The Institutional Review Board
at every participating institution approved the projects; all partici-
pants provided informed consent prior to participation after they
obtained a complete study description.

After quality control of the data, a total of seven hundred and
fifty-one participants were included in the study (174 individuals
with SZ, 114 with SZA, 167 with PBD, and 296 healthy controls
(HC). The participant demographics such as sex, age, race, as
well as duration of illness, and antipsychotic dosage (CPZ equiva-
lents) were recorded. Participants with psychotic disorders in
B-SNIP1 were also classified into Biotypes, based on cognitive
and electrophysiological assessments. Additional exploratory ana-
lyses using those Biotypes can be found in online Supplementary
Material.

Clinical and cognitive assessments

All assessments were typically completed within a month after
enrollment.

Clinical measures

Trained raters assessed symptom severity in patients with the
Positive and Negative Syndrome Scale (PANSS) (Kay, Fiszbein,
& Opler, 1987). Periodic meetings were conducted for rater
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training to standardize symptom ratings across all sites.
Established ‘gold standard’ interviews were used during these
meetings. Prior to the study, an in-person training session was
held for all raters, and they were required to achieve a reliability
score of over 0.85 before being allowed to administer scales. To
maintain reliability, rater training was repeated every year.
Duration of illness was defined as the difference between age of
the participant and the age of onset. Age of onset was defined
as the self-reported age of the first symptoms related to their
diagnosis.

Cognitive measures

Brief Assessment of Cognition in Schizophrenia (BACS) assesses
the following cognitive domains: executive function, verbal flu-
ency, verbal memory, working memory, attention, and motor
speed. The BACS total composite score was standardized from
each test with a mean score from healthy controls set to zero
and the standard deviation set to one (Keefe et al., 2004).

MRI acquisition and preprocessing

The study acquired T1-weighted scans using 3 T scanners from dif-
ferent manufacturers such as Achieva, Philips, GE Signa, Siemens
Allegra, and Siemens Trio and sequence parameters were standar-
dized across all sites and established from the Alzheimer’s Disease
Neuroimaging Initiative protocol (6), (see online Supplementary
Material). We performed quality control on a total of 911 scans,
of which 63 were excluded from the study because of artifacts or
motion. Preprocessing of T1-weighted images was carried out
using the minc-bpipe-library (https:/github.com/CobraLab/minc-
bpipe-library). Quality control on all scans was performed by visual
inspection. Motion artifacts were first graded (0 =no/very subtle
motion, 1=moderate motion, and 2 = severe motion), and scans
with moderate-to-severe motion artifacts were excluded from the
study. Freesurfer 6.0 was used to estimate the total intracranial
volume (ICV) to control for its variability among participants in
our analyses.

Pituitary gland segmentation

In order to measure the sizes of the pituitary glands, we employed
a label-fusion technique called the MAGeT brain algorithm to
automatically segment the pituitary gland (Chakravarty et al,
2013). The MAGeT brain algorithm has been shown effective for
segmenting subcortical structures such as the striatum, globus pal-
lidus, thalamus, and the hippocampus (Chakravarty et al., 2013;
Park et al., 2014). Importantly, MAGeT brain has also been previ-
ously validated to segment the pituitary gland showing high spatial
overlap between manual segmentation of the pituitary gland vol-
ume and their respective automatically generated labels (Wong
et al,, 2014).

In the current study, a representative sample of 68 participants,
matched in terms of age, sex, and diagnosis groups, had their pitu-
itary glands manually segmented by YT using the 3D Slicer soft-
ware (Egger et al.,, 2013). The location of the pituitary gland was
identified using sagittal, coronal, and axial perspectives of the
MR images. The demarcations of the pituitary gland encompassed
both the anterior and posterior parts, as outlined in detail in the
study by Peper et al. (2010). Following the manual segmentation,
these 68 participants were inputted into the MAGeT brain pipeline
as atlases, templates, and participants. Each atlas segmentation was
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compared to the manual delineations of all other participants
using dice-kappa, and the seven manual segmentations with the
highest mean dice-kappa were selected as the atlases for the final
MAGeT brain pituitary gland segmentation in our sample
(mean dice-kappa = 0.73). Pituitary gland volume was then auto-
matically segmented in our whole sample, entering only those
seven best manual segmentations as atlases. After rigorous quality
control visual inspection, the pituitary gland was deemed success-
ful in 751 participants, and 97 participants were excluded from the
analyses due to segmentation failure. An example of the pituitary
gland segmentation is provided in online Supplementary Material.

Statistical analyses

All statistical analyses were conducted in R (version 1.3.1056) and
the ImerTest package (version 3.1.3) was used for all linear mixed
effects models (Kuznetsova, Brockhoff, & Christensen, 2017).

Demographic and clinical data

Demographic and clinical data were assessed between each clin-
ical diagnosis or Biotype, and healthy controls when appropriate
using ANOVAS (i.e. age, duration of illness, severity of symptoms,
and CPZ equivalents) and chi-square tests (i.e. sex, race, and site).
Log transformations were applied to CPZ equivalent data to make
it conform to normality as the data were skewed.

Between-group comparisons

A linear mixed effects model was used to determine whether the
mean pituitary gland volume was different between the group of
patients with psychosis and healthy controls. Then, we performed
further linear mixed effects models to investigate differences in
pituitary volume between clinical diagnosis and healthy controls.
All models included age, sex, race, and total ICV as covariates, as
well as site and scanner as random factors. Post-hoc pairwise
comparisons were also conducted.

Factors influencing the pituitary gland volume in individuals
with psychotic disorders

A series of linear mixed effects models were used to separately
investigate the impact of clinical symptom severity, duration of ill-
ness, cognitive functioning and CPZ equivalents on the pituitary
gland volume. Post-hoc linear mixed effects models were also per-
formed to investigate associations between specific types of clin-
ical symptoms and the pituitary gland volume (i.e. PANSS
positive symptoms, PANSS negative symptoms, PANSS general).

To determine the strongest predictor variable for the pituitary
gland volume, a final linear mixed effects model was constructed
including the four factors (i.e. clinical symptom severity, duration
of illness, cognitive functioning and CPZ equivalents). By consid-
ering all the factors together, we minimize the risk of Type I errors
associated with multiple comparisons, as the model itself adjusts
for the interactions and dependencies among the variables. We
also conducted Pearson’s correlations between those factors.

All models included age, sex, race, and total ICV as covariates,
as well as site and scanner as random factors. Finally, we explored
separately the effect of sex, and age on the pituitary gland volume
in all our participants while controlling only for total ICV. We
also separately examined the interaction between our groups
and sex.
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Results
Demographic and clinical data

Table 1 reports that the groups significantly differed on sex, race,
site distribution, CPZ equivalents, clinical symptom severity, cog-
nitive impairments level and duration of illness.

Between-group comparisons

Figure 1 depicts that there was no significant difference in the
mean pituitary gland volume between individuals diagnosed
with psychotic disorders and healthy controls (F(;, 735s) = 1.04,
7°=0.001, p=0.31). When separated by clinical diagnosis, no
statistical ~difference was observed between any groups
(F3, 734.20) = 1.04, 7’ = 0.004, p=0.37). Table 2 presents all pair-
wise comparisons results.

Factors influencing the pituitary gland volume in individuals
with psychosis

The series of linear mixed effects models examining each predictor
separately including age, sex, race, and total ICV as covariates,
showed that lower cognition (F(;, 42354 =4.76, 7’ =0.01, p=
0.03), greater CPZ equivalents (F(;, 274.02) = 5.20, 77 =0.02, p=

Table 1. Demographic and clinical data
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0.02), and greater symptom severity (F;, 427.92) = 13.61, 7 =0.03,
p=0.0002) were all significantly related to larger pituitary gland
volumes in individuals with a diagnosis of psychotic disorder.
Duration of illness was not significantly associated with pituitary
gland volumes (F(;, 42543 =0.82, n° =0.002, p =0.36). Figure 2
illustrates the strength and direction of these associations.

When all variables were included in the same model (cognitive
score, symptom severity, duration of illness and CPZ equivalents),
including age, sex, race, and total ICV as covariates, only symp-
tom severity showed a significant association with pituitary
gland volumes (F(;, 560.17) = 7.54, 1° = 0.03, p = 0.006).

We observed significant mild correlations between lower level of
cognition (BACS score) and both higher symptom severity (r=
0.24, p <0.0001) as well as higher CPZ equivalents (r=0.16, p=
0.006). There was also a trend towards a significant correlation
between symptoms severity and CPZ equivalents (r=0.11,
p=0.07) (see online Supplementary Fig. S2). Post-hoc analysis
shows no interaction between symptom severity effect on pituitary
gland volumes and the different clinical diagnoses (F(2, 42052) = 0.50,
n” = 0.002, p = 0.60). Post-hoc analyses also confirm that all types
of symptom severity (i.e. PANSS positive, PANSS negative, and
PANSS general) were significantly related to larger pituitary
gland volume (all p;<0.02). The relationship between CPZ
equivalents and pituitary gland volumes was not statistically

Schizophrenia

Schizoaffective

Psychotic bipolar Healthy controls p-value

Total (n) 174 114 167 296
Age (mean [s..]) 34.21 (12.48) 34.84 (11.38) 35.47 (12.83) 35.98 (12.25) 0.483
Sex F (n [%)]) 54 (31.0) 62 (54.4) 113 (67.7) 168 (56.9) <0.001
Race (n [%]) <0.001

AA 75 (43.4) 43 (37.7) 29 (17.4) 80 (27.1)

AE 1 (0.6) 0 (0.0) 0 (0.0) 1(0.3)

AS 2 (1.2) 1 (0.9) 4 (2.4) 14 (4.7)

CA 86 (49.7) 65 (57.0) 129 (77.2) 187 (63.4)

MR 3 (1.7) 5 (4.4) 1(0.6) 6 (2.0)

NH 0 (0.0) 0 (0.0) 0 (0.0) 1(0.3)

oT 6 (3.5) 0 (0.0) 4 (2.4) 6 (2.0)
Site (n [%]) <0.001

Dallas 12 (6.9) 27 (23.7) 18 (10.8) 47 (15.9)

Hartford 26 (14.9) 31 (27.2) 30 (18.0) 57 (19.3)

Baltimore 62 (35.6) 25 (21.9) 27 (16.2) 51 (17.2)

Chicago 30 (17.2) 20 (17.5) 48 (28.7) 61 (20.6)

Detroit 10 (5.7) 5 (4.4) 13 (7.8) 40 (13.5)

Boston 34 (19.5) 6 (5.3) 31 (18.6) 40 (13.5)
CPZ (mean [s.0.]) 487.55 (381.37) 515.86 (471.64) 349.60 (328.96) N/A 0.010
Duration of illness (mean [s.0.]) 14.99 (11.64) 18.29 (11.22) 18.39 (11.96) N/A 0.014
PANSS (mean [s.p.]) 66.25 (17.39) 69.33 (16.01) 52.75 (13.74) N/A <0.001
BACS (mean [s.0.]) —1.74 (1.40) —1.43 (1.46) —0.81 (1.32) 0.02 (1.20) <0.001

s.0., Standard deviation; F, female; CA, Caucasian; AA, African American; AE, American Indian; AS, Asian; MR, Mixed Race; NH, Native Hawaiian; OT, Other; BACS, Brief Assessment of Cognition
in Schizophrenia Total Composite Z score; PANSS, Positive and Negative Syndrome Scale Total; CPZ, chlorpromazine equivalents.
Note. Information is missing for the following variables: sex (n=1 control); race (n=1 control); duration of illness (n=17 patients); PANSS (n =17 patients); CPZ (n =168 patients); BACS

(n=18 controls and n=19 patients).
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Figure 1. Pituitary gland volume between-group comparison (a) All patients with psychosis and healthy controls. (b) Each clinical diagnosis and healthy controls.

Table 2. Post-hoc pairwise comparisons

Contrast Estimate S.E. df T p value
C - PBD 0.03738 0.0907 733 0.412 0.9764
C - SADP —0.00608 0.1037 734 —0.059 0.9999
C - SzZP —0.15715 0.0930 735 —1.689 0.3300
SADP - SZP —0.15106 0.1152 735 —1.311 0.5561
PBD - SADP 0.03130 0.1158 734 0.270 0.9931
PBD- SZP —0.11976 0.1064 733 —1.125 0.6741

Note. C, controls; PBD, psychotic bipolar disorder; SADP, schizoaffective disorder; SZP,
schizophrenia disorder; s.t., standard error; df, degree of freedom.
All p values are corrected for multiple comparisons (family-wise error).

different whether patients were taking first or second generation
antipsychotics  (F(;,  271.10)=0.82, 7’ =0.003, p=0.36).
Furthermore, no significant differences on the pituitary gland
volumes were observed between patients taking first v. second
generation antipsychotics (F(1, 273.1s) = 1.96, 77 =0.007, p=0.16).

Exploratory analyses on the whole sample revealed no signifi-
cant associations between age and the pituitary gland volumes
(F(1, 747y=0.80, 7’ =0.001, p=0.33), and a small but significant
sex differences in pituitary gland volumes, with females showing
greater volume compared to males (F(;, 747)=6.04, 77 =0.008,
p =0.01), after correcting for total ICV. However, no significant
interaction between our groups (patients and controls) and sex
was observed in relation to pituitary gland volume (F(;, 745 =
0.10, ” = 0.0001, p = 0.75).

Discussion

Psychotic disorders are among the leading causes of adverse life
trajectories worldwide, and biomarkers could aid in their early
detection (Kraguljac et al., 2021). This study is the first to inves-
tigate volume differences of the pituitary gland in a large trans-
diagnostic sample of individuals with psychotic disorders using
an automatic segmentation pipeline. This well-powered sample
allowed us to investigate a range of potential factors that could
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impact pituitary gland volume in this population. Enlargement
of the pituitary gland volume was associated with various factors
related to psychosis. Our main finding shows that when all factors
are considered, only symptom severity significantly predicts pitu-
itary gland volume. This suggests that pituitary gland function is
more affected in individuals with more severe symptoms. This is
in line with previous studies that have found an increase in pitu-
itary gland volume to be linked to less improvement in psychotic
symptoms in early psychosis (Garner et al., 2005; Takahashi et al.,
2011). Interestingly, Premkumar et al. (2018) also reported that
individuals with treatment-resistant chronic schizophrenia who
received cognitive behavioral therapy (CBT) showed both a reduc-
tion in their pituitary volume and improvement in their clinical
symptoms compared to those who did not receive the therapy.
One hypothesis advanced by the authors is that CBT could reduce
the impact of stress, therefore lowering cortisol levels and improv-
ing HPA axis regulation, which may ultimately reduce pituitary
volume in this population.

Contrary to our hypothesis, pituitary gland volumes were not
significantly different between individuals with psychosis and
healthy controls, or between any of the diagnostic groups. These
findings support previous studies reporting no significant differ-
ences in pituitary gland volumes between individuals with psych-
osis and healthy controls (Habets et al., 2012; Klomp et al.,, 2012;
Nicolo et al., 2010). They also corroborate the meta-analysis by
Nordholm et al. (2013) in which the only finding was a trend-level
difference in high-risk individuals who developed psychosis and in
individuals experiencing a first episode of psychosis when com-
pared to controls, and not in individuals with enduring schizo-
phrenia. Taken together, these results suggest that an increased
pituitary volume may reflect a state-related vulnerability in the tra-
jectory of psychotic symptoms development, and in individuals
who are more severely symptomatic. However, this does not
seem to be linked to duration of illness. No significant relationship
between the pituitary gland and the duration of illness was
observed, which is in line with the results reported by Klomp
et al. (2012).

Cognitive performance was negatively associated with pituitary
volume enlargement in our group of individuals living with psych-
otic disorders. Studies have previously demonstrated that abnor-
mal HPA axis functioning is associated with distorted cortisol
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Figure 2. Associations between factors related to psychosis and pituitary gland volumes in individuals with psychotic disorders. (a) Cognition. (b) Symptom sever-
ity. (c) Antipsychotic medication dosage. (d) Duration of illness. Means were adjusted for age, sex, race, total intracranial volume, site, and scanner. BACS, Brief
Assessment of Cognition in Schizophrenia Total Composite Z score; PANSS, Positive and Negative Syndrome Scale Total; CPZ, chlorpromazine equivalence.

responses which is also linked to cognitive impairments in indivi-
duals with schizophrenia (Aas et al.,, 2011; Walder et al., 2000).
Evidence also shows that pituitary volume enlargement in indivi-
duals with schizophrenia is negatively associated with cognitive
performance as demonstrated through the BACS memory test
(Takahashi et al., 2018). Therefore, pituitary volume enlargement
could reflect HPA axis hyperactivity associated with cognitive
deficits in individuals living with psychosis. In the current study,
cognitive performances also showed a mild but significant correl-
ation with symptoms severity in patients. This is particularly
interesting given that individuals with global cognitive difficulty
are also at greater risk of developing psychosis (Cornblatt,
Obuchowski, Roberts, Pollack, & Erlenmeyer-Kimling, 1999;
Snitz, MacDonald, & Carter, 2006). Further research is needed
to better understand the relationship between pituitary gland vol-
ume and cognitive performance in both individuals with psychosis
and those that are at risk of developing psychosis.

Our findings also demonstrate a significant positive associ-
ation between greater antipsychotic dose (as measured by CPZ
equivalents) and pituitary volume enlargement in our sample of
individuals living with psychotic disorders. This relationship is
present in both groups of patients who used typical and atypical
antipsychotics. These findings are in line with previous evidence
demonstrating the enlarging effect of antipsychotic medication
on total pituitary volume (Klomp et al., 2012; MacMaster et al.,
2007). Takahashi et al. (2018) also show that individuals with
schizophrenia treated with antipsychotic medication have signifi-
cantly larger pituitary volume compared to antipsychotic-free
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patients which includes individuals with first episode and chronic
schizophrenia. However, antipsychotic-free patients also have a
larger pituitary volume in comparison to healthy controls,
which suggests that antipsychotic medication alone may not solely
lead to the enlargement of pituitary volume (Takahashi et al.,
2018). Additionally, it is plausible that individuals with more pro-
nounced symptoms may receive higher doses of antipsychotic
medication, and thus the association between CPZ equivalents
and pituitary gland volume may be coincidental. In our sample,
only a small trend towards a significant correlation was observed
between CPZ equivalents and symptoms severity, however it is
possible that antipsychotic doses may serve as a proxy of how
severely ill our participants are.

Our findings suggest that pituitary volume enlargement can
serve as a distinct characteristic of vulnerability to psychosis,
which can be influenced by several factors, including clinical
symptom severity (assessed using the PANSS total score), and
cognitive symptoms severity (assessed through the BACS), as
well as CPZ equivalents (Cohrs et al, 2006; Takahashi et al.,
2018; Takahashi & Suzuki, 2018; Walker, Mittal, & Tessner,
2008). This provides a possible explanation for the inconsistent
findings observed in previous studies which may have varied on
these characteristics. In addition, studies have reported differences
in pituitary volume across different stages of the illness which
could also have contributed to the large variability among previ-
ous findings (Borges et al., 2013; Pariante et al., 2004).

Studies have reported that individuals with first episode
schizophrenia had a larger pituitary gland volume compared to
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individuals with established schizophrenia which could be asso-
ciated with hyperactivity of the HPA axis in earlier and more
symptomatic phases (Pariante et al., 2004; Takahashi et al,
2018; Upadhyaya et al., 2007). Pituitary gland volume enlarge-
ment has also been observed among high-risk individuals who
later transitioned to developing psychosis (Saunders et al., 2019;
Shah et al, 2015). This suggests that pituitary gland volume
enlargement could precede the onset of psychosis and may
become more pronounced among those who develop more severe
psychotic symptoms. The lack of significant differences between
our patient cohort and controls provide further support for this
notion as most of our cohort consisted of relatively stable patients
that could have regained equilibrium in their pituitary gland vol-
ume. This contrasts with other studies that have investigated
patients that were more acutely unwell when scanned (i.e., at-risk
mental state or first episode psychosis) and observed mixed find-
ings (Borges et al., 2013; Biischlen et al., 2011; Garner et al., 2005).
Enlarged pituitary gland could be a state marker for symptom
severity, not only in individuals with psychotic disorders, but
also in high-risk populations. Hence, studies using larger samples
in high-risk populations are warranted.

Interestingly, altered release of hormones that are regulated by
the pituitary gland, such as cortisol and prolactin has been impli-
cated in psychotic disorders (Borges et al., 2013). Individuals with
psychotic disorders experience HPA axis hyperactivity, which
may be linked to stress vulnerability and higher levels of cortisol
(Mitropoulou et al., 2004; Walker et al., 2008). Hormonal dysre-
gulation in the course of the illness could also lead to changes
in pituitary gland volume (Aiello et al., 2012; Walker et al,
2008). It is therefore possible that more symptomatic individuals
with psychotic disorders have a higher vulnerability to stress, but
further studies investigating stress, cortisol, and the pituitary
gland are warranted. Furthermore, studies have shown that
increased pituitary volume is associated with increased emotional
stress reactivity in individuals with psychotic disorders, their sib-
ling, and healthy controls, suggesting that pituitary volume may
be considered as a non-specific measure of stress (Habets et al.,
2012). Future studies should determine whether the association
between pituitary volume and symptom severity is specific to
psychosis or if it might also indicate general stress in non-
psychotic conditions. Future longitudinal research is also needed
to better understand the relationship between hormonal dysregu-
lation, pituitary gland volume, and psychotic disorders.

Another factor that could contribute to the enlargement of the
pituitary gland volume and indicate HPA axis hyperactivity in
individuals with psychosis is the possibility of higher antipsychotic
medication dosages (Pariante et al, 2004). Longitudinal studies
examining the influence of antipsychotics on HPA axis activity
and pituitary gland volumes in antipsychotic-naive patients are
warranted. Furthermore, future studies should explore whether
the enlargement of the pituitary gland is influenced by factors
such as HPA axis hyperactivity or hypercortisolemia, distinct
from medication-related hyperprolactinemia. Investigating these
aspects could offer valuable insights into the underlying mechan-
isms of enlarged pituitary glands.

Limitations

The current study did not investigate the impact of pituitary hor-
mones on psychosis, which limits its conclusions. Future
large-scale studies should examine the effect of pituitary hor-
mones on the development of psychosis. Additionally, further
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research is needed to gain a deeper understanding of the relation-
ship between stress impact in individuals with psychosis, symp-
tom severity, and the pituitary gland. In the future, these
findings may assist in the development of more personalized
and targeted treatments for these individuals. Furthermore, the
specific relationship between age and duration of illness warrants
further investigation with subgroup analyses (i.e. non-linear mod-
els) as that could lead to more insightful findings, especially in
studies with large cohorts. Lastly, we are missing information in
about a third of our sample regarding their medication intake.

Raw data on CPZ equivalents were also skewed and required
log-transformation to conduct the analyses performed in the
study. Therefore, the results regarding the impact of CPZ equiva-
lents on the pituitary gland should be interpreted with caution
and aim to be replicated. Future studies should also more thor-
oughly characterize information about antipsychotic medication
and explore the potential impact of prolactin sparing/raising
medication on the pituitary gland in this population. We also
had to exclude many participants from the analyses due to seg-
mentation failure. It is notably challenging to segment the pituit-
ary gland compared to other structures like the hippocampus,
because of its small size (Mlynarski, Delingette, Alghamdi,
Bondiau, & Ayache, 2020). Hence, it was essential to meticulously
review each segmentation and ensure that only successful ones
were included in our study.

Importantly, our fully automated segmentation pipeline
demonstrated high performance, accurately delineating the
intended structures in approximately 90% of our samples. The
current fully automated segmentation pipeline is different from
previous pituitary gland segmentation methods used in individuals
with psychosis that used manual and semi-automatic segmenta-
tion methods. It is therefore possible that some methods may be
more or less sensitive, and this can also explain some of the incon-
sistencies in findings across studies. Furthermore, lifetime cumula-
tive doses of antipsychotic medication were not collected. This
should be considered in future research considering its potential
greater impact on the brain anatomy and function among this
population (Husa et al,, 2017). Lastly, due to the transdiagnostic
nature of our sample, the 30-item PANSS was administered to
all our participants to measure psychotic symptoms severity. As
this scale has been mainly validated in individuals with schizo-
phrenia and schizoaffective disorder, it is possible that this may
limit the generalizability of our results to our participants with
bipolar disorders (Anderson et al., 2017).

Conclusions

The current study is the first to investigate pituitary volume in a
large sample of individuals with transdiagnostic psychotic disor-
ders. Our findings provide a unique insight on the factors that
can influence pituitary gland volume in this population. When
compared to controls, individuals with psychotic disorders do
not show significant differences in pituitary gland volume.
Symptom severity, cognitive functioning, and CPZ equivalents,
all seem to have an impact on the pituitary gland volume
among individuals living with psychotic disorders. When all
these variables were considered, however, only symptom severity
has a significant impact. Our findings help clarify previous incon-
sistent reports and support further investigation of stress vulner-
ability biomarkers in psychosis and high-risk populations. These
findings suggest that a larger pituitary gland volume is not a trait
biomarker for psychosis, but may serve as a state-related
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biomarker linked with severe symptoms. To confirm this, further
longitudinal studies in individuals with psychosis are necessary to
determine if increased pituitary gland volume correlates with
increased symptom severity over time.
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