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Abstract
Pituitary volumes were measured in 55 first-episode schizophrenia patients at a baseline timepoint
with 38 receiving a followup scan after antipsychotic treatment. Fifty-nine healthy volunteers had
baseline scans with 34 receiving a followup scan. There were no baseline group differences in
pituitary volumes or changes in volume following antipsychotic treatment.
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1. Introduction
The pituitary gland is part of the hypothalamic-pituitary-adrenal (HPA) axis, one of the
primary biological systems that mediate the experience of stress (De Groot and Harris, 1950;
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Sam and Frohman, 2008). Abnormalities in HPA axis functioning have been implicated in
schizophrenia and related psychotic disorders (Walker and Diforio, 1997), with multiple
studies reporting HPA axis hyperactivity in the onset and exacerbation of psychotic
symptoms (Muck-Seler et al., 1999; Ryan et al., 2004). Studies also demonstrate greater
ACTH and cortisol among individuals experiencing their first psychotic episode (Ryan et
al., 2003, 2004; Walsh et al., 2005 ).

Magnetic resonance imaging (MRI) studies investigating the pituitary in schizophrenia and
related psychotic disorders have yielded mixed findings. Some groups reported larger
(Pariante et al., 2004; Pariante et al., 2005; Takahashi et al., 2009) or smaller (Pariante et al.,
2004; Upadhyaya et al., 2007) pituitary volume in patients compared to healthy controls,
although two studies reported no group differences (Tournikioti et al., 2007; Nicolo et al.,
2009). The use of antipsychotic medications could influence pituitary volume, possibly via
the inhibition of corticotrophin releasing- hormone (CRH) gene activity (Basta-Kaim et al.,
2006) or the stimulation of prolactin secreting cells (Meltzer and Fang, 1976; Gruen et al.,
1978). Several MR imaging studies have supported the possibility of pituitary volume
changes in association with antipsychotic treatment, although findings have been
inconsistent regarding the direction of changes (Pariante et al., 2005; MacMaster et al.,
2007; Nicolo et al., 2009). Such inconsistencies may be due to the heterogeneity of the
samples including differences in prior antipsychotic drug exposure.

The goal of the current study was to compare pituitary volumes between patients
experiencing a first-episode of schizophrenia with minimal or no prior antipsychotic drug
exposure to healthy volunteers and to investigate possible changes in pituitary volume
following antipsychotic treatment.

2. Methods
2.1 Subjects

The 55 patients in this study were participating in clinical trials investigating antipsychotic
drug efficacy. Twenty-eight of the 55 patients were antipsychotic drug-naïve at the time of
the baseline scan whereas 23 had a mean exposure of 8 days (SD=7) to typical or atypical
antipsychotics prior to the baseline scan. Medication history prior to the baseline scan was
unavailable for 4 patients. Thirty-eight of the 55 patients received followup scans after a
median 22 weeks (range 16–169 weeks) of antipsychotic treatment with olanzapine,
risperidone, clozapine, prolixin, perphenazine and/or haldol. We converted medications
received between the two scan timepoints to chlorpromazine equivalents using the
approaches described by Woods (2003) and Lehman and colleagues (2004). Medication data
at the time of the second scan were unavailable for two patients as these patients terminated
their clinical trials prior to the second scan. Diagnoses were based on the SCID for Axis I
DSM-IV Disorders (First et al., 1998) supplemented by information from family members
and clinicians. All patients met DSM-IV criteria for schizophrenia (n = 36), schizoaffective
disorder (n = 6) or schizophreniform disorder (n = 13). Mean age at first psychotic
symptoms was 22 (SD = 5.3).

Fifty-nine healthy volunteers were recruited from the community and were determined to
have no Axis I disorders by the SCID-NP (First et al., 2001). Healthy volunteers received an
initial baseline scan and a repeat scan following a median of 19 weeks (range 11–163
weeks). Exclusion criteria for all study participants included any serious medical condition,
any treatment known to affect the brain or meeting DSM-IV criteria for mental retardation.
All procedures were approved by the local IRB and written informed consent was obtained
from all participants.
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2.2 Magnetic Resonance (MR) Imaging Procedures
MR imaging exams were conducted on a GE 1.5T imaging system. One hundred twenty
four contiguous coronal images (slice thickness = 1.5 mm) were acquired through the whole
head using a 3D Fast SPGR sequence with IR Prep in a 256 × 256 matrix producing nominal
in-plane resolution of 0.86mm × 0.86mm. Measurements were completed in MEDx (Sensor
Systems, 1998) following alignment along the anterior and posterior commissures. Scans
were mixed together randomly and no identifying information was available to the operator
from the scan.

2.3 Measurement Delineation Criteria
Measurement of total intracranial contents included the total cerebrum, cerebrospinal fluid,
cerebellum and brainstem. Inter-rater reliability between two raters as assessed by intra-class
correlations [ICCs]) in 9 cases was 0.99. The pituitary was delineated on coronal images and
included the posterior pituitary, but excluded the pituitary stalk. The lateral borders were the
cavernous sinuses visualized by the presence of the internal carotid arteries. Superiorly the
pituitary was bound by the diaphragma sella, which was well-demarcated and inferiorly
bound by the sphenoid sinus. All cases were measured by two operators and the average
measurement was used as the dependent variable in analyses. The intra-class correlation
between two operators across all cases was 0.94 at baseline and 0.93 at followup.

2.4 Statistical Analyses
Group differences in age and education were examined using independent groups t tests.
Chi-square tests were used to examine group differences in sex and handedness. Mixed
models analyses were used to investigate group differences in pituitary volume with group
(patient vs. healthy volunteer) and sex serving as between subjects factors. Timepoint
(baseline vs. followup) served as a within subjects factor. We used Spearman rank order
correlations to investigate the relationship between changes in pituitary volume and total
cumulative exposure to antipsychotics (in chlorpromazine equivalents) between the two scan
timepoints. Age and total intracranial volume served as statistical covariates in general linear
models. Alpha was set to 0.05 (two-tailed).

3. Results
Patients and comparison subjects did not differ significantly in distributions of age, sex,
handedness or total intracranial volume (p’s > 0.05), but as expected patients had
significantly less education (t=−3.94; p=<0.001). Total intracranial volume was 1347 cm3

(SD = 160) in patients and 1353 cm3 (SD = 110) in healthy volunteers. Mean pituitary
volumes for patients at the baseline and followup timepoints was 819 mm3 (SD = 137) and
832 mm3 (SD = 137), respectively. Mean pituitary volumes at the baseline and followup
timepoints for healthy volunteers was 814 mm3 (SD = 186) and 835 mm3 (SD = 173),
respectively.

Neither the main effect of group nor the group-by-time interaction were statistically
significant. Similar findings were observed for both the subgroup of antipsychotic drug-
naïve patients and a subgroup of patients who took only atypical antipsychotics between
scans. There was no significant correlation between antipsychotic drug exposure (in
chlorpromazine equivalents) and change in pituitary volume between the two scan
timepoints across the entire cohort, in the subgroup of antipsychotic drug-naïve patients, or
in the subgroup of patients who took only atypical antipsychotics. A main effect of sex
(F=7.08, df = 1,109, p = 0.009) indicated that females had larger pituitary volumes overall
compared to males with post-hoc analyses indicating this effect was evident at both the
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baseline (F=5.43, df=1,109, p = 0.02) and followup (F = 5.92, df = 1,67, p = 0.02)
timepoints. Figure 1 shows the baseline pituitary volumes for males and females separately.

4. Discussion
We did not observe group differences in pituitary volume between patients and healthy
volunteers at a baseline timepoint with similar negative effects observed among the
antipsychotic drug-naïve patients. The lack of significant group differences at the baseline
timepoint is consistent with several other studies reporting no significant group differences
in pituitary volume in first episode (Nicolo et al., 2009) and chronic (Tournikioti et al.,
2007) patients with schizophrenia. Additionally, we did not observe short-term pituitary
volume changes following general antipsychotic treatment in patients experiencing a first-
episode of schizophrenia. Differences in antipsychotics and dosages might account for
differences in findings (Pariante et al., 2005; MacMaster et al., 2007; Nicole et al., 2009).

We identified a significant effect of sex on pituitary volume across patients and healthy
volunteers, which was evident at both the baseline and followup timepoints. Our data are
consistent with findings from several studies that reported a significant effect of sex on
pituitary volume (Takano et al., 1999; Pariante et al., 2004; 2005; MacMaster et al., 2007;
Tournikioti et al., 2007; Upadhyaya et al., 2007; Nicolo et al., 2009; Takahashi et al., 2009;).
The functional significance of larger pituitary volume in females is unknown, but may have
implications for sex differences in psychiatric disorders that implicate dysregulation of the
HPA axis in their neurobiology including depression (e.g. Amsterdam et al., 1989) and
anxiety (Gustafsson et al., 2008).

In sum, our data neither support a role for abnormal pituitary volume in the pathogenesis of
first-episode schizophrenia nor changes in volume in association with antipsychotic
treatment. Study limitations include the possibility of an ascertainment bias in that very ill
patients may not have been available for a followup scan and the lack of direct
neuroendocrine measures.
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Figure 1.
Baseline pituitary volumes in males and females
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