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a b s t r a c t
Cognitive behavioural therapy (CBT) for psychosis (CBTp) aims to lower the stress of psychotic symptoms. Given
that the pituitary is involved in stress regulation, CBT-led stress reduction may be accompanied by a change in
pituitary volume. This study aimed to determine whether CBTp reduces pituitary volume in schizophrenia. The
relation between pre-therapy memory and CBTp-led pituitary volume change was also examined given that
poor memory relates to a blunted cortisol awakening response, denoting impaired stress response, in schizophrenia. Pituitary volume was measured at baseline in 40 schizophrenia or schizoaffective disorder patients and 30
healthy participants before therapy. Pituitary volume was measured again 6–9 months after patients had either
received CBTp in addition to standard care (CBTp + SC, n = 24), or continued with standard care alone (SC, n =
16). CBTp + SC and SC groups were compared on pituitary volume change from baseline to follow-up. Pre-therapy memory performance (Hopkins Verbal Learning and Wechsler Memory Scale – Logical memory) was correlated with baseline-to-follow-up pituitary volume change. Pituitary volume reduced over time in CBTp + SC
patients. Additionally, pre-therapy verbal learning correlated more strongly with longitudinal pituitary volume
reduction in the CBTp + SC group than the SC group. To conclude, CBTp reduces pituitary volume in schizophrenia most likely by enhancing stress regulation and lowering the distress due to psychotic symptoms.
© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction
The pituitary plays a key role in physiological stress regulation.
Stress stimulates the hypothalamic-pituitary-adrenal (HPA) axis to release corticosteroids from the hypothalamus and anterior pituitary
(Appiah-Kusi et al., 2015). In turn, the hypothalamus and anterior pituitary stimulate cortisol release from the adrenal glands that lowers
stress reactivity. Through a negative feedback loop, high plasma cortisol
lowers hypothalamus and pituitary activity. The neural diathesis-stress
model of schizophrenia posits that a genetic predisposition to schizophrenia combines with an accumulation of environmental factors, including psychosocial stress, that disturb the homeostasis of the HPA
axis (Pruessner et al., 2017; Walker et al., 2008). This disturbance results
in HPA axis hyperactivity and elevated cortisol level that affect glucocorticoid receptors in the hippocampus and medial prefrontal cortex, and
increases dopamine release and prominent psychotic symptoms.
⁎ Corresponding author at: Department of Psychology, Nottingham Trent University,
Burton Street, Nottingham NG1 4BU, UK.
E-mail address: Preethi.premkumar@ntu.ac.uk (P. Premkumar).

Stress regulation is implicated in cognitive behavioural therapy for
psychosis (CBTp), because CBTp reduces distress due to psychotic experiences (National Institute of Health and Clinical Excellence, 2014, NICE
Clinical Guideline 178). CBTp helps patients to modify their thoughts,
become aware of their reactivity to stressful situations, and think less
threateningly about psychotic experiences (National Institute of
Health and Clinical Excellence, 2014). CBT changes appraisal of psychosocial stress and lowers cortisol levels in patients with generalized anxiety disorder by helping patients to generate strategies to overcome
anxiety (Rosnick et al., 2016). Poorer parental bonding at childhood relates to lower cortisol awakening response in patients with ﬁrst-episode
psychosis (Pruessner et al., 2013). Certain acute psychosocial stressors
(e.g. performing cognitive tasks) result in sustained cortisol elevation
in schizophrenia (Nugent et al., 2015), while other social stressors
(e.g. public-speaking and job interviews) decrease cortisol levels
(Bradley and Dinan, 2010; Ciufolini et al., 2014). Consequently, increased emotional reactivity to daily life stressors relates to larger pituitary volume in patients with psychosis (Habets et al., 2012). However,
lower pre-CBT urinary cortisol relates to CBT-led reduction in symptom
severity in people with depression (Thase et al., 1996).

http://dx.doi.org/10.1016/j.schres.2017.04.035
0920-9964/© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Pituitary volume is reﬂective of HPA axis structure and function,
stress and psychosis severity. Greater perceived distress from adverse
life events relates to smaller pituitary volume in people who have a
ﬁrst or second degree relative with schizophrenia (Cullen et al., 2015).
Greater pituitary volume relates to higher plasma cortisol level three
years later in healthy adolescent boys (Kaess et al., 2013). Also, greater
pituitary volume relates to higher nocturnal cortisol in patients with depression or bipolar disorder (Axelson et al., 1992). In schizophrenia, the
pituitary enlarges at the prodromal and early stages; then, it atrophies
over the chronic stage (Shah et al., 2015; Atmaca, 2014). Moreover, pituitary enlargement relates to less improvement of psychotic symptoms
in early psychosis (Garner et al., 2009; Takahashi et al., 2011). Nonetheless, evidence for the relation between pituitary volume and HPA axis
function in schizophrenia is scarce and contradictory.
1.1. The role of memory in HPA axis activity and CBTp responsiveness
Memory may be associated with stress regulation and HPA axis
function. Cortisol is a glucocorticoid, which binds to glucocorticoid receptors in the hippocampus and prefrontal cortex where memory is
formed and stored (Wingenfeld and Wolf, 2011). Cortisol binding to
glucocorticoid receptors in the hippocampus lowers HPA axis activity
(Jacobson and Sapolsky, 1991). Excessive endogenous and exogenous
cortisol impairs memory in healthy people (Wingenfeld and Wolf,
2011). In patients with ﬁrst-episode psychosis and children at risk for
psychosis, blunted cortisol awakening response (denoting the physiological arousal due to the sleep-wake transition) relates to poorer memory (Aas et al., 2011; Cullen et al., 2014). Perhaps, poor HPA axis
function can damage the hippocampus and diminish memory
(Karanikas and Garyfallos, 2015; Wingenfeld and Wolf, 2011). To our
knowledge, no study has investigated the association between memory
and pituitary volume in schizophrenia patients. There is, however, evidence of positive associations between pre-therapy verbal memory
and CBTp response (Penades et al., 2010), and larger hippocampal volume and CBTp response (Premkumar et al., 2009). Larger hippocampal
volume is consistently associated with better verbal memory in schizophrenia (Antonova et al., 2004).
The aims of the present study were to determine whether CBTp reduces pituitary volume, and whether pre-therapy memory relates to
CBTp-led pituitary volume reduction. Firstly, it was hypothesized that
CBTp would reduce pituitary volume, because CBT helps patients to
ﬁnd stress regulation strategies and CBT reduces cortisol level
(Rosnick et al., 2016). Secondly, it was hypothesized that better pretherapy memory would relate to greater pituitary volume reduction in
patients receiving CBTp, because good memory in patients receiving
CBTp could lower stress-related cortisol level.
2. Methods and materials
2.1. Participants and design
Participants were 40 patients with a DSM-IV non-affective psychosis
diagnosis (First et al., 2002) recruited from the South London and
Maudsley NHS Foundation Trust; 24 patients received CBTp plus standard care (CBTp + SC), and 16 patients received standard care only
(SC). Thirty healthy participants matched on age, sex and number of
years in education, who reported no mental disorder history, were recruited from the same geographical area as the patients. Participants
in this study have previously been examined for the neural effects of
CBTp (Kumari et al., 2011). Patient inclusion criteria were: (1) a DSMIV diagnosis of schizophrenia or schizoaffective disorder, (2) willingness
to receive CBTp, (3) a stable dose of antipsychotic drugs for at least two
years and their current antipsychotic drug for at least three months, (4)
a score above 60 on the Positive and Negative Syndrome Scale (PANSS)
(Kay et al., 1987), and (5) having at least one distressing positive symptom, i.e. scoring three or more on a PANSS positive item. In addition,

CBTp + SC patients were those who were referred to and accepted for
CBTp by the Psychological Interventions Clinic for Outpatients with Psychosis (PICuP) at the South London and Maudsley NHS Foundation
Trust. By following opportunistic sampling, the psychiatrists in the participating psychiatric services recommended suitable patients to be allocated to the SC group. The Joint South London and Maudsley and the
Institute of Psychiatry Research Ethics Committee approved the study.
All participants provided written informed consent.
CBTp aims to reduce distress, depression, anxiety and hopelessness
by minimizing interference arising from psychotic symptoms (Fowler
et al., 1995). Therapy was delivered weekly or fortnightly (as preferred
by the patient) over an average of 16 individual one-hour sessions for 6–
9 months. In initial sessions, the therapist engaged the patient by
forming a therapeutic relationship and focusing on the patient's needs.
Standard care consisted of typical and atypical antipsychotic medication
and six-monthly care plan assessment reviews delivered by a case management team, with a view to recovery. The case management team included a dedicated care coordinator who saw the patient at regular
intervals, a psychiatrist and other specialists, such as a clinical psychologist and occupational therapist.
2.2. Clinical and memory assessments
Experienced psychiatrists (DF and APA) diagnosed the patients
using the Structured Clinical Interview for DSM-IV (First et al., 2002),
blind to the type of intervention patients received (CBTp + SC or SC).
The psychiatrists assessed patients' symptom severity using the PANSS
(Kay et al., 1987) before and after CBTp, or 6–9 months after baseline
in the SC group. Trained doctoral-level researchers assessed participants' pre-therapy memory blind to the hypotheses being tested. Participants were assessed on Wechsler Memory Scale – III Logical Memory
(WMS-LM, Wechsler, 1998) and Hopkins verbal learning test (HVLT,
Shapiro et al., 1999). In WMS-LM, participants listened to two stories
read by the examiner and recalled the stories immediately (immediate
recall) and then, half an hour later (delayed recall). Immediate and delayed recall scores were calculated by scaling the raw scores to the agerelated norms of the test. In HVLT, participants listened to a list of 12
words read out by the researcher three times. Participants recalled the
list each time. Verbal learning was calculated as the total number of
freely recalled items across the three trials.
2.3. Pituitary and whole brain volumetry
T1-weighted structural magnetic resonance imaging brain scans
were acquired in the axial plane with 1.5 mm contiguous slices from a
1.5 Tesla NV/i Signa scanner (General Electric, Milwaukee, Wisconsin)
at the Centre for Neuroimaging Sciences, King's College London (TR
= 18 ms, TI = 450 ms, TE = 5.1 ms, ﬂip angle = 20° with one data average and a 256 × 256 × 128 voxel matrix). Patients were scanned at
baseline and follow-up, while healthy participants were scanned at
baseline only. Volumetry was performed manually using the MEASURE
programme based on the Cavalieri principle (Barta et al., 1997). The
Cavalieri principle states that the volume of an object may be estimated
by sectioning it with a set of uniformly spaced parallel planes and measuring the cross-sectional area of the object on each plane (Barta et al.,
1997). Trained researchers measured the pituitary (DB, AS and PPK)
and whole brain volume (PPK) blind to group membership and treatment allocation. Novice raters achieved 95% accuracy against a trained
rater's measurement of the region of interest on ten test brain scans before beginning to measure the study participants' brain scans. The pituitary was deﬁned as a hyper-intensity adjacent to the posterior pons on
the sagittal view, with clearly deﬁned anterior and posterior boundaries
(Klomp et al., 2012; Tien et al., 1992). The infundibular stalk was excluded from the segment (Fig. 1). The whole brain included the cerebral cortex, namely frontal, temporal, parietal and occipital lobes, and the subcortex, namely the basal ganglia and thalamus (DeLisi et al., 1995).
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Fig. 1. Pituitary rating (highlighted in red) as seen from the (a) sagittal, (b) coronal, and (c) axial views taken from a mid-sagittal slice. (For interpretation of the references to color in this
ﬁgure legend, the reader is referred to the web version of this article.)

The cerebellum, brain stem, ventricles and cerebrospinal ﬂuid were not
included in whole brain volume measurement.
2.4. Statistical analysis
Demographic characteristics (age, sex and years in education) were
compared between groups using analysis of variance (ANOVA) or Chisquare test. Illness duration (deﬁned as number of years since ﬁrst hospitalization), change in PANSS symptom severity and change in antipsychotic dosage from baseline to follow-up were compared between
patient groups. Improvement in stress-related items in the CBTp
group, namely depression, excitement and anxiety, was tested using
non-parametric tests (no signiﬁcant symptom change in the SC group;
see Results). Prolactin-enhancing drugs (all typical antipsychotics, and
risperidone and amisulpride) stimulate prolactin-secreting cell proliferation, and consequently anterior pituitary enlargement (MacMaster et
al., 2007; Pariante, 2008). Thus, the number of patients receiving each
antipsychotic drug type, i.e. prolactin-enhancing and prolactin-sparing
(all other atypical antipsychotics), was compared between patient
groups. Pre-therapy memory, WMS-LM memory and HVLT scores, was
compared between groups, with group (CBTp + SC, SC and healthy)
as independent variable, and number of years in education and age as
a covariates.
Pituitary volume at baseline was compared between CBTp + SC, SC
and healthy groups using analysis of covariance, with age and whole
brain volume as covariates. The longitudinal change in pituitary volume
was compared between patient groups, with sex as an additional between-participants factor, and illness duration and whole brain volume
at baseline as covariates. We included sex as a between-participants factor, because pituitary volume is larger in healthy women than men and
in men than women with schizophrenia (Romo-Nava et al., 2013;
Upadhyaya et al., 2007).
One-tailed correlations were performed to test associations between
baseline-to-follow-up pituitary volume change and pre-therapy memory (scores on the HVLT and WMS-LM), because the directional

hypothesis stated that better pre-therapy memory would relate to
greater post-CBTp pituitary volume reduction. If a correlation was signiﬁcant, a partial correlation was performed, with illness duration,
whole brain volume and number of years in education as covariates.
Statistical analyses were performed in Statistical Package for Social Sciences (Version 22), with p b 0.05 as the signiﬁcance level.
3. Results
3.1. Demographic characteristics and symptom reduction following CBTp
Healthy participants were older than patients (Table 1). Speciﬁcally,
healthy participants were older than SC patients (p = 0.04). Groups did
not differ in sex, years in education, illness duration, or antipsychotic
drug type at baseline or follow-up. The CBTp + SC group comprised patients with paranoid schizophrenia (79%), schizoaffective disorder
(12%) and schizophrenia not otherwise speciﬁc (8%). The SC group comprised patients with paranoid schizophrenia (81%), residual schizophrenia (12%) and schizoaffective disorder (6%). From baseline to follow-up,
CBTp + SC patients improved in positive symptoms, F (1,23) = 15.9, p b
0.01, negative symptoms, F(1,23) = 5.9, p = 0.02, and general psychopathology, F(1,23) = 8.6, p = 0.01. The SC group did not show any
symptom change (p N 0.1). Besides, negative symptoms and overall
symptoms improved more in the CBTp + SC than SC group (Table 1).
When improvement in stress-related items in the CBTp group, namely
depression, excitement and anxiety, was tested, depression and excitement improved signiﬁcantly, z(23) = 1.96, p = 0.05 and z(23) = 2.29, p
= 0.03, respectively. Improvement in anxiety approached signiﬁcance,
z(23) = 1.75, p = 0.08. Pre- to post-therapy antipsychotic dosage decreased in the CBTp + SC group, but increased in the SC group.
The healthy group did not differ in WMS-LM immediate recall from
the CBTp + SC group, mean difference = 1.4 ± 0.8, p = 0.29, or the SC
group, mean difference = 2.3 ± 1.0, p = 0.06. The healthy group did not
differ in WMS-LM delayed recall from the CBTp + SC group, mean difference = 1.5 ± 0.7, p = 0.1, but had better delayed recall than the SC

Please cite this article as: Premkumar, P., et al., Pituitary volume reduction in schizophrenia following cognitive behavioural therapy, Schizophr.
Res. (2017), http://dx.doi.org/10.1016/j.schres.2017.04.035

4

P. Premkumar et al. / Schizophrenia Research xxx (2017) xxx–xxx

Table 1
Demographic and clinical characteristics of patients receiving CBTp + SC (n = 24), SC (n = 16) and healthy participants (n = 30).
Characteristic

CBTp + SC

SC

Healthy

Model

F or Chi2 (df)

p Value

Sex: men/women (n)
Age (in years)
Years in education
Duration of illness (in years)

17/7
36.1 ± 8.48
14.1 ± 3.1
11.4 ± 7.8

13/3
42.1 ± 9.6
13.3 ± 1.4
15.6 ± 12.1

20/10
34.2 ± 11.3
14.9 ± 2.1

Group × sex
Group
Group
Group

1.09 (2)
3.3 (2,67)
2.5 (2,67)
1.8 (1,38)

0.58
0.04
0.09
0.18

Group × drug type
at baseline
Group × drug type
at follow-up
Group × time
Group × time
Group × time
Group × time
Group
Group
Group
Group

0.02 (1)

0.89

1.3 (1)

0.25

1.8 (1,38)
4.8 (1,38)
1.9 (1,38)
4.9 (1,38)
3.2 (3,130)
3.1 (2,65)
3.9 (2,65)
6.1 (2,65)

0.18
0.03
0.17
0.03
0.01
0.05
0.03
0.004

Prolactin-enhancing/prolactin-sparing
antipsychotics at baseline (n)

Positive
Negative
General psychopathology
Antipsychotic dosage (CPZ equivalent)
Pre-therapy memory
WMS-LM – immediate recall
WMS-LM – delayed recall
HVLT total free recall

Baseline

Follow-up

Baseline

Follow-up

7/17

5/19

5/11

6/10

17.8 ± 3.5
17.4 ± 3.5
32.5 ± 5.0
517.3 ± 386.2

14.9 ± 3.9a
15.6 ± 4.0a
28.5 ± 6.8a
480.3 ± 385.7

7.5 ± 2.6
8.2 ± 2.2
20.4 ± 6.4

18.5 ± 3.7
18.9 ± 3.7
34.9 ± 4.3
503.7 ± 329.8

17.1 ± 3.5
19.9 ± 5.0
33.9 ± 7.4
627.9 ± 612.5

6.1 ± 3.3
7.3 ± 2.5
20.9 ± 5.5

–
–
–

9.1 ± 3.0
10.0 ± 2.8
26.1 ± 4.4

CBTp: Cognitive behavioural therapy for psychosis, CPZ: chlorpromazine, HVLT: Hopkins verbal learning test; PANSS: Positive and Negative Syndrome Scale, SC: standard care, WMS-LM:
Wechsler Memory Scale – III Logical Memory test.
a
CBTp-led symptom improvement.

group, mean difference = 2.8 ± 0.8, p = 0.05. Healthy participants had
better verbal learning (HVLT free recall) than the CBTp + SC group,
mean difference = 5.0 ± 1.4, p = 0.003, but did not differ from the SC
group, mean difference = 3.3 ± 1.7, p = 0.2. The CBTp + SC and SC
groups did not differ in either WMS-LM immediate recall, mean difference = 0.9 ± 1.0, p = 1.0, WMS-LM delayed recall, mean difference
= 0.6 ± 0.8, p = 1.0, or HVLT free recall, mean difference = − 1.7 ±
1.7, p = 1.0.

3.3. Association between pituitary volume change and pre-therapy memory
in CBTp + SC patients
In the CBTp + SC group, verbal learning at baseline was associated
with pituitary volume reduction during the treatment phase (Table 3).
The correlation was still signiﬁcant in the CBTp + SC group after covarying for illness duration, whole brain volume and years in education, r =
−0.64, p = 0.001, but not the SC group, r = −0.06, p = 0.419. Also, the
correlation was stronger in the CBTp + SC group than the SC group as
per Fisher's r-to-z transformation, z = 1.99, p = 0.02 (Fig. 2).

3.2. Pituitary volume change from baseline to follow-up: differences between CBTp + SC and SC groups

4. Discussion

CBTp + SC, SC and healthy groups did not differ in baseline pituitary
volume (Table 2). The group-by-time interaction approached statistical
signiﬁcance, F(1,34) = 3.56, p = 0.07. Post hoc analyses compared pituitary volume at baseline and follow-up in each group individually while
controlling for illness duration. The analyses showed an effect of time in
the CBTp + SC group, F(1,22) = 4.54, p = 0.04, but not the SC group,
F(1,14) = 2.97, p = 0.11. Antipsychotic drug type (prolactin-enhancing
or prolactin-sparing) did not have an effect on pituitary volume change,
i.e., the patient group-by-drug type-by-time interaction was not significant (Table 2). The main effect of time was non-signiﬁcant, F(1,34) =
0.01, p = 0.93.

The study aimed to examine whether pituitary volume decreases
following CBTp in schizophrenia patients, as pituitary volume is a potential marker of HPA axis function. We hypothesized that pituitary volume would decrease, because CBT-led stress reduction lowers cortisol
levels (Rosnick et al., 2016) and lower cortisol relates to lower pituitary
volume (Axelson et al., 1992). As hypothesized, pituitary volume decreased over time in the CBTp + SC group relative to the SC group.
We also hypothesized that better pre-therapy memory would relate to
CBTp-led pituitary volume reduction. Better pre-therapy memory related to CBTp-led pituitary volume reduction, such that the association
was stronger in the CBTp + SC group than the SC control group.

Table 2
Pituitary volume at baseline in healthy participants (n = 30), patients receiving CBTp (n = 24) and patients receiving standard care (n = 16), and at follow-up in patients receiving CBTp or
standard care based on antipsychotic drug type.
Characteristic

Pituitary volume (mm3)

CBTp + SC

SC

Baseline

Follow-up

Baseline

Follow-up

473.4 ± 75.9

409.1 ± 108.4

481.6 ± 132.0

445.0 ± 127.3

Patients receiving prolactin-enhancing antipsychotic drugs
N=7
N=5
513.8 ± 77.9
438.2 ± 92.8
414.1 ± 85.7
392.3 ± 74.7
Patients receiving prolactin-sparing antipsychotic drugs
N = 17
N = 11
456.8 ± 70.8
397.1 ± 114.6
512.3 ± 41.0
469.0 ± 141.6

Healthy

Model

F (df)

p Value

510.7 ± 147.9

Group difference at baseline
Group × time
Group × drug type × time

0.5 (2,65)
3.5 (1,34)
0.4 (1,34)

0.62
0.07
0.5

CBTp: Cognitive behavioural therapy for psychosis, SC: standard care.
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Correlation, r (p-value), between pre-therapy memory and pituitary volume change from
baseline to follow-up in the CBTp + SC (n = 24) and SC control (n = 16) groups.
Pituitary volume

HVLT – free recall
WMS-LM immediate recall
WMS-LM delayed recall

CBTp + SC

SC control

−0.6 (0.001)
−0.1 (0.32)
−0.1 (0.31)

−0.1 (0.4)
0.1 (0.33)
−0.05 (0.42)

Values in bold are statistically signiﬁcant.

4.1. CBTp-led pituitary volume reduction
Our study is the ﬁrst to report on the effect of CBT on pituitary volume in any disorder. Pituitary volume reduced after therapy in the
CBTp + SC group. Further, the stress-related symptoms (depression
and excitement) in the CBTp + SC group improved after therapy. High
stress-induced plasma cortisol relates to greater severity of psychotic
and negative symptoms (Tandon et al., 1991; Walder et al., 2000),
whereas CBT lowers cortisol level (Rosnick et al., 2016). Thus, lower
stress may reduce pituitary volume in chronic psychosis. This explanation is plausible because lower stress reactivity and lower cortisol
level relate to smaller pituitary volume in patients with psychosis or bipolar disorder (Axelson et al., 1992; Habets et al., 2012). Effective stressregulation strategies lower endogenous cortisol by improving HPA axis
regulation (Abelson et al., 2014). Certain CBT stress regulation strategies
may engage the HPA axis better than others. Externalizing one's stress
(e.g. wanting to do good for others) decreases cortisol level more than
internalizing one's stress (e.g. reducing one's appraisal of social threat)
when exposed to psychosocial stress, such as a job interview (Abelson
et al., 2014). CBTp may help patients to think ﬂexibly about their psychotic experiences and perceive less social stress (Garety et al., 1997;
Mason et al., 2016).
4.2. Relation between better pre-therapy memory and greater CBTp-led pituitary volume reduction
We found that better pre-therapy memory, speciﬁcally verbal
learning, related to CBTp-led pituitary volume reduction. Greater
pre-therapy verbal learning could relate to greater post-therapy
pituitary volume reduction because memory activates the hippocampus. Memory-led hippocampal activation inhibits HPA axis

5

activity (Naughton et al., 2014; Phillips et al., 2006). Furthermore,
cortisol binds to glucocorticoid receptors that are abundant in hippocampus and prefrontal cortex. Cortisol binding to the hippocampus
and pituitary inhibits HPA axis function (Jacobson and Sapolsky,
1991). In patients with ﬁrst-episode psychosis and children at risk
for psychosis, poor HPA axis function due to blunted cortisol awakening response relates to poorer memory (Aas et al., 2011; Cullen
et al., 2014). Preserved memory and cognitive ﬂexibility may enhance CBTp responsiveness in schizophrenia (Penades et al., 2010;
Garety et al., 1997). Previously, we failed to ﬁnd an association between pre-therapy memory and CBTp responsiveness in the CBTp
+ SC patients who participated in the current study (Premkumar
et al., 2011). In that study however, pre-therapy memory was examined in relation to the change in composite subscale scores, rather
than change in stress-related items. Also, atypical anti-psychotics
may reduce elevated cortisol (Cohrs et al., 2006), and CBTp could enhance adherence to the treatment. Thus, lower stress may promote
cortisol binding to the hippocampus and prefrontal cortex, and improve HPA axis negative feedback loop function.
The study has limitations. Firstly, pituitary volume was not measured in healthy participants at follow-up. Thus, it is not possible to
rule out the effect of time and other non-speciﬁc effects on pituitary volume reduction. Prolactin-sparing antipsychotic drugs reduce pituitary
volume more than prolactin-enhancing antipsychotic drugs in chronic
schizophrenia (Klomp et al., 2012; Takahashi et al., 2012). However,
drug type did not explain pituitary volume reduction in the current
study. Furthermore, we included patients who were on stable antipsychotics for two years and receiving the current antipsychotic for six
months. Thus, any antipsychotic medication-induced pituitary change
would have been present before CBTp. Secondly, patients had normal
pre-therapy pituitary volume. Normal pituitary volume in chronic
schizophrenia is a consistent ﬁnding (Tournikioti et al., 2007). The apparent ‘normal’ pituitary volume in patients may be confounded by
stress-related enlargement due to prolactin-secreting cell proliferation
caused by prolactin-enhancing antipsychotics (Pariante, 2008). Thirdly,
the small sample size of the participant groups could have increased the
likelihood of a Type II error. Lastly, the lack of data on cortisol level to
test HPA axis function makes it difﬁcult to verify the functional signiﬁcance of pituitary volume reduction.
In conclusion, CBTp-led symptom improvement may longitudinally
lead to pituitary volume reduction. Better verbal learning may enhance
recall of CBTp stress-regulation techniques, which is a potential mechanism by which pituitary volume reduction occurs.

Fig. 2. Scatterplot of pituitary volume change from baseline to follow-up against Hopkins verbal learning test score at baseline in CBTp + SC and SC patients.

Please cite this article as: Premkumar, P., et al., Pituitary volume reduction in schizophrenia following cognitive behavioural therapy, Schizophr.
Res. (2017), http://dx.doi.org/10.1016/j.schres.2017.04.035

6

P. Premkumar et al. / Schizophrenia Research xxx (2017) xxx–xxx

Conﬂict of interest
None.
Contributors
Preethi Premkumar wrote the ﬁrst draft of the paper and contributed to study design,
data collection, analysis and interpretation. Dominic Fannon and Anantha P. Anilkumar
performed diagnostic interviews and clinical assessments of patients and critically
reviewed the manuscript. Danielle Bream and Adegboyega Sapara performed manual ratings of the brain regions of interest and contributed to the critical review of the manuscript. Elizabeth Kuipers contributed to the study design and critically reviewed the
manuscript. Veena Kumari developed the study, raised funding, and contributed substantially to analysis and interpretation and the writing of the manuscript. All authors have
given ﬁnal approval of the manuscript.
Funding
Funding for this study was provided by the Wellcome Trust, UK [067427/z/02/z,
Wellcome Senior Fellowship to VK]. The Wellcome Trust had no further role in study design; in the collection, analysis and interpretation of data; in the writing of the report; and
in the decision to submit the paper for publication.

Acknowledgement
None.

References
Aas, M., Dazzan, P., Mondelli, V., Toulopoulou, T., Reichenberg, A., Di Forti, M., Fisher, H.L.,
Handley, R., Hepgul, N., Marques, T., Miorelli, A., Taylor, H., Russo, M., Wiffen, B.,
Papadopoulos, A., Aitchison, K.J., Morgan, C., Murray, R.M., Pariante, C.M., 2011. Abnormal cortisol awakening response predicts worse cognitive function in patients
with ﬁrst-episode psychosis. Psychol. Med. 41 (3), 463–476.
Abelson, J.L., Erickson, T.M., Mayer, S.E., Crocker, J., Briggs, H., Lopez-Duran, N.L., Liberzon,
I., 2014. Brief cognitive intervention can modulate neuroendocrine stress responses
to the Trier Social Stress Test: buffering effects of a compassionate goal orientation.
Psychoneuroendocrinology 44, 60–70.
Antonova, E., Sharma, T., Morris, R., Kumari, V., 2004. The relationship between brain
structure and neurocognition in schizophrenia: a selective review. Schizophr. Res.
70 (2–3), 117–145.
Appiah-Kusi, E., Leyden, E., Parmar, S., Mondelli, V., McGuire, P., Bhattacharyya, S., 2015.
Abnormalities in neuroendocrine stress response in psychosis: the role of
endocannabinoids. Psychol. Med. 46 (1), 27–45.
Atmaca, M., 2014. Pituitary gland in psychiatric disorders: a review of neuroimaging ﬁndings. Pituitary 17 (4), 392–397.
Axelson, D.A., Doraiswamy, P.M., Boyko, O.B., Rodrigo Escalona, P., McDonald, W.M.,
Ritchie, J.C., Patterson, L.J., Ellinwood Jr., E.H., Nemeroff, C.B., Krishnan, K.R., 1992. In
vivo assessment of pituitary volume with magnetic resonance imaging and systematic stereology: relationship to dexamethasone suppression test results in patients. Psychiatry Res. 44 (1), 63–70.
Barta, P.E., Dhingra, L., Royall, R., Schwartz, E., 1997. Improving stereological estimates for
the volume of structures identiﬁed in three-dimensional arrays of spatial data.
J. Neurosci. Methods 75 (2), 111–118.
Bradley, A.J., Dinan, T.G., 2010. A systematic review of hypothalamic-pituitary-adrenal
axis function in schizophrenia: implications for mortality. J. Psychopharmacol. 24 (4
Suppl), 91–118.
Ciufolini, S., Dazzan, P., Kempton, M.J., Pariante, C., Mondelli, V., 2014. HPA axis response
to social stress is attenuated in schizophrenia but normal in depression: evidence
from a meta-analysis of existing studies. Neurosci. Biobehav. Rev. 47, 359–368.
Cohrs, S., Röher, C., Jordan, W., Meier, A., Huether, G., Wuttke, W., Rüther, E., Rodenbeck,
A., 2006. The atypical antipsychotics olanzapine and quetiapine, but not haloperidol,
reduce ACTH and cortisol secretion in healthy subjects. Psychopharmacology 185 (1),
11–18.
Cullen, A.E., Day, F.L., Roberts, R.E., Pariante, C.M., Laurens, K.R., 2015. Pituitary gland volume and psychosocial stress among children at elevated risk for schizophrenia.
Psychol. Med. 45 (15), 3281–3292.
Cullen, A.E., Zunszain, P.A., Dickson, H., Roberts, R.E., Fisher, H.L., Pariante, C.M., Laurens,
K.R., 2014. Cortisol awakening response and diurnal cortisol among children at elevated risk for schizophrenia: relationship to psychosocial stress and cognition.
Psychoneuroendocrinology 46, 1–13.
DeLisi, L.E., Tew, W., Xie, S., Hoff, A.L., Sakuma, M., Kushner, M., Lee, G., Shedlack, K., Smith,
A.M., Grimson, R., 1995. A prospective follow-up study of brain morphology and cognition in ﬁrst-episode schizophrenic patients: preliminary ﬁndings. Biol. Psychiatry
38 (6), 349–360.
First, M.B., Spitzer, R.L., Gibbon, M., Williams, J.B.W., 2002. Structured Clinical Interview
for DSM-IV-TR Axis I Disorders - Patient Edition (SCID-I/P, 11/2002 Revision). Biometrics Research Department, New York, NY.
Fowler, D., Garety, P.A., Kuipers, E., 1995. Cognitive Behaviour Therapy for Psychosis: Theory and Practice. Wiley, Chichester.
Garety, P.A., Fowler, D., Kuipers, E., Freeman, D., Dunn, G., Bebbington, P., Hadley, C., Jones,
S., 1997. London-East Anglia randomised controlled trial of cognitive-behavioural
therapy for psychosis. II: predictors of outcome. Br. J. Psychiatry 171, 420–426.
Garner, B., Berger, G.E., Nicolo, J.P., Mackinnon, A., Wood, S.J., Pariante, C.M., Dazzan, P.,
Profﬁtt, T.M., Markulev, C., Kerr, M., McConchie, M., Phillips, L.J., Pantelis, C.,

McGorry, P.D., 2009. Pituitary volume and early treatment response in drug-naïve
ﬁrst-episode psychosis patients. Schizophr. Res. 113 (1), 65–71.
Habets, P., Collip, D., Myin-Germeys, I., Gronenschild, E., van Bronswijk, S., Hofman, P.,
Lataster, T., Lardinois, M., Nicolson, N.A., van Os, J., Marcelis, M.B., 2012. Pituitary volume, stress reactivity and genetic risk for psychotic disorder. Psychol. Med. 42 (7),
1523–1533.
Jacobson, L., Sapolsky, R., 1991. The role of the hippocampus in feedback regulation of the
hypothalamic-pituitary-adrenocortical axis. Endocr. Rev. 12 (2), 118–134.
Kaess, M., Simmons, J.G., Whittle, S., Jovev, M., Chanen, A.M., Yücel, M., Pantelis, C., Allen,
N.B., 2013. Sex-speciﬁc prediction of hypothalamic-pituitary-adrenal axis activity by
pituitary volume during adolescence: a longitudinal study from 12 to 17 years of
age. Psychoneuroendocrinology 38 (11), 2694–2704.
Karanikas, E., Garyfallos, G., 2015. Role of cortisol in patients at risk for psychosis mental
state and psychopathological correlates: a systematic review. Psychiatry Clin.
Neurosci. 69 (5), 268–282.
Kay, S.R., Fiszbein, A., Opier, L.A., 1987. The Positive and Negative Syndrome Scale
(PANSS) for schizophrenia. Schizophr. Bull. 13 (2), 261–276.
Klomp, A., Koolschijn, P.C., Hulshoff Pol, H.E., Kahn, R.S., Haren, N.E., 2012. Hypothalamus
and pituitary volume in schizophrenia: a structural MRI study. Int.
J. Neuropsychopharmacol. 15 (2), 281–288.
Kumari, V., Fannon, D., Peters, E.R., Ffytche, D.H., Sumich, A.L., Premkumar, P., Anilkumar,
A.P., Andrew, C., Phillips, M.L., Williams, S.C., Kuipers, E., 2011. Neural changes following cognitive behaviour therapy for psychosis: a longitudinal study. Brain 134 (8),
2396–2407.
MacMaster, F.P., El-Sheikh, R., Upadhyaya, A.R., Nutche, J., Rosenberg, D.R., Keshavan, M.,
2007. Effect of antipsychotics on pituitary gland volume in treatment-naïve ﬁrst-episode schizophrenia: a pilot study. Schizophr. Res. 92 (1–3), 207–210.
Mason, L., Peters, E.R., Dima, D., Williams, S.C., Kumari, V., 2016. Cognitive behavioral therapy normalizes functional connectivity for social threat in psychosis. Schizophr. Bull.
42 (3), 684–692.
National Institute of Health and Clinical Excellence, 2014. Psychosis and Schizophrenia in
Adults (Update) CG178. National Institute for Health and Clinical Excellence, London.
Naughton, M., Dinan, T.G., Scott, L.V., 2014. Corticotropin-releasing hormone and the hypothalamic-pituitary-adrenal axis in psychiatric disease. Handb. Clin. Neurol. 124,
69–91.
Nugent, K.L., Chiappelli, J., Sampath, H., Rowland, L.M., Thangavelu, K., Davis, B., Du, X.,
Muellerklein, F., Daughters, S., Kochunov, P., Hong, L.E., 2015. Cortisol reactivity to
stress and its association with white matter integrity in adults with schizophrenia.
Psychosom. Med. 77 (7), 733–742.
Pariante, C.M., 2008. Pituitary volume in psychosis: the ﬁrst review of the evidence.
J. Psychopharmacol. 22 (2 Suppl), 76–81.
Penades, R., Catalan, R., Pujol, N., Puig, O., Guarch, J., Masana, G., Navarro, V., Gasto, C.,
2010. Is memory impairment a rate limiter in cognitive behavioural therapy for
chronic schizophrenia? Psychother. Psychosom. 79 (2), 129–130.
Phillips, L.J., McGorry, P.D., Garner, B., Thompson, K.N., Pantelis, C., Wood, S.J., Berger, G.,
2006. Stress, the hippocampus and the hypothalamic-pituitary-adrenal axis: implications for the development of psychotic disorders. Aust. N. Z. J. Psychiatry 40 (9),
725–741.
Premkumar, P., Fannon, D., Kuipers, E., Peters, E.R., Anilkumar, A.P., Simmons, A., Kumari,
V., 2009. Structural magnetic resonance imaging predictors of responsiveness to cognitive behaviour therapy in psychosis. Schizophr. Res. 115 (2–3), 146–155.
Premkumar, P., Peters, E.R., Fannon, D., Anilkumar, A.P., Kuipers, E., Kumari, V., 2011. Coping styles predict responsiveness to cognitive behaviour therapy in psychosis. Psychiatry Res. 187 (3), 354–362.
Pruessner, M., Cullen, A.E., Aas, M., Walker, E.F., 2017. The neural diathesis-stress model of
schizophrenia revisited: an update on recent ﬁndings considering illness stage and
neurobiological and methodological complexities. Neurosci. Biobehav. Rev. 73,
191–218.
Pruessner, M., Vracotas, N., Joober, R., Pruessner, J.C., Malla, A.K., 2013. Blunted cortisol
awakening response in men with ﬁrst episode psychosis: relationship to parental
bonding. Psychoneuroendocrinology 38 (2), 229–240.
Romo-Nava, F., Hoogenboom, W.S., Pelavin, P.E., Alvarado, J.L., Bobrow, L.H., Macmaster,
F.P., Keshavan, M., McCarley, R.W., Shenton, M.E., 2013. Pituitary volume in schizophrenia spectrum disorders. Schizophr. Res. 146 (1–3), 301–307.
Rosnick, C.B., Wetherell, J.L., White, K.S., Andreescu, C., Dixon, D., Lenze, E.J., 2016. Cognitive-behavioral therapy augmentation of SSRI reduces cortisol levels in older adults
with generalized anxiety disorder: a randomized clinical trial. J. Consult. Clin. Psychol.
84 (4), 345–352.
Shah, J.L., Tandon, N., Howard, E.R., Mermon, D., Miewald, J.M., Montrose, D.M., Keshavan,
M.S., 2015. Pituitary volume and clinical trajectory in young relatives at risk for
schizophrenia. Psychol. Med. 45 (13), 2813–2824.
Shapiro, A.M., Benedict, R.H., Schretlen, D., Brandt, J., 1999. Construct and concurrent validity of the Hopkins Verbal Learning Test-revised. Clin. Neuropsychol. 13, 348–358.
Takahashi, T., Kido, M., Nakamura, K., Furuichi, A., Zhou, S.Y., Kawasaki, Y., Noguchi, K.,
Seto, H., Kurachi, M., Suzuki, M., 2012. Longitudinal MRI study of the pituitary volume
in chronic schizophrenia: a preliminary report. Psychiatry Res. 202 (1), 84–87.
Takahashi, T., Zhou, S.Y., Nakamura, K., Tanino, R., Furuichi, A., Kido, M., Kawasaki, Y.,
Noguchi, K., Seto, H., Kurachi, M., Suzuki, M., 2011. Longitudinal volume changes of
the pituitary gland in patients with schizotypal disorder and ﬁrst-episode schizophrenia. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 35 (1), 177–183.
Tandon, R., Mazzara, C., DeQuardo, J., Craig, K.A., Meador-Woodruff, J.H., Goldman, R.,
Greden, J.F., 1991. Dexamethasone suppression test in schizophrenia: relationship
to symptomatology, ventricular enlargement, and outcome. Biol. Psychiatry 29
(10), 953–964.
Thase, M.E., Dubé, S., Bowler, K., Howland, R.H., Myers, J.E., Friedman, E., Jarrett, D.B., 1996.
Hypothalamic-pituitary-adrenocortical activity and response to cognitive behavior

Please cite this article as: Premkumar, P., et al., Pituitary volume reduction in schizophrenia following cognitive behavioural therapy, Schizophr.
Res. (2017), http://dx.doi.org/10.1016/j.schres.2017.04.035

P. Premkumar et al. / Schizophrenia Research xxx (2017) xxx–xxx
therapy in unmedicated, hospitalized depressed patients. Am. J. Psychiatry 153 (7),
886–891.
Tien, R.D., Kucharczyk, J., Bessette, J., Middleton, M., 1992. MR imaging of the pituitary
gland in infants and children: changes in size, shape, and MR signal with growth
and development. AJ. Am. J. Roentgenol. 158 (5), 1151–1154.
Tournikioti, K., Tansella, M., Perlini, C., Rambaldelli, G., Cerini, R., Versace, A., Andreone, N.,
Dusi, N., Balestrieri, M., Malagò, R., Gasparini, A., Brambilla, P., 2007. Normal pituitary
volumes in chronic schizophrenia. Psychiatry Res. 154 (1), 41–48.
Upadhyaya, A.R., El-Sheikh, R., MacMaster, F.P., Diwadkar, V.A., Keshavan, M.S., 2007. Pituitary volume in neuroleptic-naïve schizophrenia: a structural MRI study. Schizophr.
Res. 90 (1–3), 266–273.

7

Walder, D.J., Walker, E.F., Lewine, R.J., 2000. Cognitive functioning, cortisol release, and
symptom severity in patients with schizophrenia. Biol. Psychiatry 48 (12),
1121–1132.
Walker, E., Mittal, V., Tessner, K., 2008. Stress and the hypothalamic pituitary adrenal axis
in the developmental course of schizophrenia. Annu. Rev. Clin. Psychol. 27, 189–216.
Wechsler, D., 1998. Wechsler Memory Scale III - Administration and Scoring Manual. Psychological Corporation Limited, London.
Wingenfeld, K., Wolf, O.T., 2011. HPA axis alterations in mental disorders: impact on
memory and its relevance for therapeutic interventions. CNS Neurosci. Ther. 17 (6),
714–722.

Please cite this article as: Premkumar, P., et al., Pituitary volume reduction in schizophrenia following cognitive behavioural therapy, Schizophr.
Res. (2017), http://dx.doi.org/10.1016/j.schres.2017.04.035

