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Background: Hippocampal abnormalities have been 
largely reported in patients with schizophrenia and bipolar 
disorder, and are considered to be involved in the patho-
physiology of the psychosis. The hippocampus consists of 
several subfields but it remains unclear their involvement in 
the early stages of psychosis.  Aim: The aim of this study 
was to investigate volumetric alterations in hippocampal 
subfields in patients at the first-episode psychosis (FEP).  
Methods: Magnetic resonance imaging (MRI) data were 
collected in 134 subjects (58 FEP patients; 76 healthy con-
trols [HC]). A novel automated hippocampal segmentation 
algorithm was used to segment the hippocampal subfields, 
based on an atlas constructed from ultra-high resolution 
imaging on ex vivo hippocampal tissue. The general linear 
model was used to investigate volume differences between 
FEP patients and HC, with age, gender and total intra-
cranial volume as covariates.  Results: We found signifi-
cantly lower volumes of bilateral CA1, CA4, and granule 
cell layer (GCL), and of left CA3, and left molecular layer 
(ML) in FEP patients compared to HC. Only the volumes 
of the left hippocampus and its subfields were significantly 
lower in FEP than HC at the False Discovery Rate (FDR) 
of 0.1. No correlation was found between hippocampal sub-
field volume and duration of illness, age of onset, duration 
of medication, and Positive and Negative Syndrome Scale 

(PANSS).  Conclusion:  We report abnormally low volumes 
of left hippocampal subfields in patients with FEP, sustain-
ing its role as a putative neural marker of psychosis onset.
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bipolar disorder/volumetry

Introduction

Psychotic spectrum disorders have a combined lifetime 
prevalence of approximately 3%.1 In particular, schizo-
phrenia is the most common with a lifetime morbid risk 
of 1%.2 It is characterized by delusions and hallucinations, 
speech and thought disorganization, flatted affection, 
and impaired cognitive functioning.3 Hippocampal alter-
ations have been consistently reported in schizophrenia.4

Hippocampal volume decrease was associated with 
increased blood perfusion,5 reduced activation during 
novelty and memory tasks,6,7 symptom severity,8,9 and 
social functioning10 and antipsychotic medication.8,11 
Given that the hippocampus owns crucial relevance in 
memory, emotion processing and other essential cogni-
tive functions4,6,12 these alterations may contribute to 
the pathology and cognitive impairment of psychosis 
spectrum.
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While previous findings indicated that abnormalities 
of the whole hippocampus might be related to psychoses, 
few could localize which part of the hippocampus under-
went the greatest impairment. Because the hippocampus 
is not a uniform structure,13 and consists of several sub-
fields with distinct functions, such as the Cornu Ammonis 
regions (CA1-4), the dentate gyrus (DG), the molecular 
layers (MLs) and the subiculum.14

Previous findings in psychotic disorders (eg, schizo-
phrenia) demonstrated smaller hippocampal subfield 
volumes in CA2/3, CA4/DG subiculum, and CA113,15,16 
which may indicate the involvement of specific subfields 
during the early development of psychosis, especially 
CA1.16

Postmortem studies in schizophrenia reported hippo-
campal volume reduction, with reduced cell size in left 
CA1 and CA2 and right CA3.17 Moreover, non-pyrami-
dal cell size and density in CA2 were decreased in a mixed 
sample of schizophrenia and bipolar disorder patient.18

Although the total number of hippocampal neurons 
seems to be normal,19 the size of pyramidal neurons in 
CA120 and non-pyramidal cell layer volume in CA2/319 
were found to be decreased.

Tamminga4 suggested that in patients suffering from 
schizophrenia, molecular changes can be caused by a 
reduction in glutamate transmission in the DG to CA3, 
affecting in particular mossy efferent fibers. Since the DG 
is the major afferent of the fibers from the entorhinal cor-
tex, it might be the first step in the processing of informa-
tion leading to the composition of episodic memories.21 
This alteration in DG glutamatergic output and in CA3 
homeostasis might underlie 2 crucial processes in mem-
ory, named pattern separation and pattern completion. 
This model may explain the “psychotic associations” 
leading to a failure in discrimination and association 
between present and past tracks in memory.4

However, in vivo studies were still lacking to confirm 
whether these subfields were affected already at the onset 
of psychosis or after the progressive period of the disease, 
and whether the alteration of their volumes was caused 
by the antipsychotic medications. Thus, investigating 
patients at the first episode of psychosis is particularly 
informative since potential confounding factors associ-
ated with chronicity and long-term exposure to antipsy-
chotic medications are minimized.

Recently, a novel automatic algorithm that provides 
reliable segmentation of hippocampus has been devel-
oped on in vitro tissues and validated in vivo images.22 
This state of the art method makes it possible for us to 
investigate all the subfields within the hippocampus from 
a large sample. In the present study, we investigated the 
volume changes of hippocampal subfields in patients 
with the first-episode psychosis (FEP). We hypothesized 
FEP had lower volumes of hippocampal subfields com-
pared to healthy subjects.

Materials and Methods

Participants

The patient sample consisted of 58 subjects with FEP with 
an ICD-10 diagnosis: (1) within the non-affective psycho-
sis spectrum (NAP = 49, age = 29.3 ± 9.3, gender = 30 
male, 61%; table 1) [schizophrenia (F20) (n = 17), schizo-
typal disorder (F21) (n  =  2), schizoaffective disorders 
(F25) (n = 7), delusional disorders (F22) (n = 10), brief  
psychotic disorder (F23) (n = 11), unspecified psychosis 
not due to a substance or known physiological condi-
tion (F29) (n = 2)], or (2) within the affective psychosis 
(AP = 9; age = 34.4 ± 9.2, gender = 4 male; 44% male) 
[manic episode, severe with psychotic symptoms (F30.2) 
(n = 4), major depressive disorder, single episode, severe 
with psychotic features (F32.3) (n = 5)] recruited from the 

Table 1. Mean Demographic and Clinical Characteristics of the Subjects

Control Subjects (n = 76) First-Episode Psychotic Patients (n = 58) F/X2 P Value

Age 30.89 ± 8.80 30.01 ± 9.43 1.510 .089
Gender
 Male 32 (42%) 34 (58%) 0.883 .199
 Female 44 (58%) 24 (42%)
Education 20.336 <.001
 0 (unknown) 0 1
 1 (5 y) 0 1
 2 (8 y) 2 19
 3 (13 y) 28 29
 4 (>14 y) 21 8
Age of onset — 28.00 ± 9.46
PANSS positive — 14.37 ± 6.14
PANSS negative — 16.39 ± 7.18
PANSS psychopathology — 35.14 ± 10.04
PANSS total — 65.90 ± 19.20
Duration of untreated psychosis (days) — 25.40 ± 27.40

Note: PANSS, Positive And Negative Symptoms Scale.
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multicenter GET UP project (Genetics Endophenotypes 
and Treatment: Understanding early Psychosis).23,24 The 
GET UP project has been funded by the Italian Ministry 
of Health as part of a National Health Care Research 
Program (Ricerca Sanitaria Finalizzata) coordinated by 
the Academic Hospital of Verona (Azienda Ospedaliera 
Universitaria Integrata Verona).

Seventy-six healthy controls (HC) were also studied. 
Participants had no DSM-IV Axis I disorder, determined 
using a brief  modified version of the Structured Clinical 
Interview for DSM-IV—Non-Patient Version, no history 
of psychiatric disorder among first-degree relatives, no 
history of alcohol or substance misuse and no current 
major medical illness.

After clinical stabilization, patients were assessed by 
independent evaluators to measure current psychotic 
symptoms (Positive and Negative Syndrome Scale; 
PANSS).

Inclusion and Exclusion Criteria

Inclusion criteria were based on the screening method 
adopted in the WHO 10-country study,24 and included:

 • Age 18–54 years.
 • Residence in the catchment area of participating 

CMHCs (community mental health centers).
 • Presence of (1) at least one of the following symptoms: 

hallucinations, delusions, qualitative speech disorder, 
qualitative psychomotor disorder, bizarre or grossly 
inappropriate behavior; or (2) at least 2 of the follow-
ing symptoms: loss of interest, initiative and drive, 
social withdrawal, episodic severe excitement, pur-
poseless destructiveness, overwhelming fear, marked 
self-neglect, as measured by the Screening Schedule for 
Psychosis.24

First lifetime contact with participating to CMHCs, 
prompted by the symptoms enumerated in the point 
above.

Exclusion Criteria Included

 • Pre-existing anti-psychotic medication (>3 mo) pre-
scribed by any psychiatric or other medical agencies 
for a mental disorder identical or similar to the current 
one.

 • Mental disorders due to a general medical condition.
 • Moderate to severe mental retardation as determined 

by clinical functional assessment.

Ethics Committee Approval

This study was conducted in accordance with globally 
accepted standards of good clinical practice, in agree-
ment with the Declaration of Helsinki, and in keeping 
with local regulations.

Formal ethics approval for conducting the trial has been 
sought and obtained by the Coordinating Center’s Ethics 
Committee (Comitato Etico per la Sperimentazione 
Clinica, Azienda Ospedaliera di Verona, which approved 
the study protocol, the information and informed con-
sent sheets) and by the Ethics Committee of each partici-
pating unit.23

Image Acquisition

All participants underwent magnetic resonance imaging 
(MRI) scanning on the same 3.0 T Siemens Allegra MRI 
scanner (Siemens Ag) at the Section of Neuroradiology 
of the Verona Hospital. A standard head coil was used for 
radio frequency transmission and reception of the MRI 
signal, and restraining foam pads were used to minimize 
head motion. T1-weighted images were acquired using 
an axial 3-dimensional magnetization prepared rapid 
gradient echo (3D MPRAGE) sequence with the follow-
ing parameters: matrix size 256 × 256; slice number, 160; 
voxel size, 1 × 1 × 1 mm3; TR 2300 ms; TE 3.93 ms; flip 
angle 12°.

Image Processing

Subcortical segmentation was performed with the 
FreeSurfer 5.3.0 (http://surfer.nmr.mgh.harvard.edu).  
The procedure included intensity normalization, 
motion correction, automated topology corrections and 
automatic segmentations of cortical and subcortical 
regions.25,26

A novel automated hippocampal segmentation algo-
rithm published with FreeSurfer 6.0 was used to label the 
hippocampal subfields. The subfield atlas was derived from 
high resolution ex vivo MRI data of post mortem medial 
temporal tissue at 7-T (figure  1).22 The algorithm could 
reliably identify CA regions and granule cell layer (GCL) 
within the dentate gyrus (DG) using images with 1  mm3 
resolution or higher acquired on a regular 3T scanner, and 
was demonstrated to be more accurate than the previous 
algorithm, especially on the CA1.15,22,27,28 The ML in this 
algorithm refers to a band consists the stratum radiatum, 
lacunosum moleculare, hippocampal sulcus and ML of the 
dentate gyrus.22 In the present study, we considered 8 hippo-
campal subfields: CA1, CA2 and CA3 (together referred as 
CA2/3), CA4, GCL, ML, presubiculum, subiculum and the 
hippocampal tail (the posterior end of the hippocampus).

We implemented a 2-step quality control (QC) proce-
dure that was similar to the ENIGMA protocol (http://
enigma.ini.usc.edu/). In step 1, any apparent outlier (5 
SDs) of any hippocampal subfield was excluded. In step 
2, each labeled hippocampus image was visually inspected 
by the authors (B.C. and V.B.) to exclude segmentations 
with poor registration or with wrong assignment of the 
subfields. After this QC procedure, we included a total of 
134 subjects as reported in the previous section.
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Statistical Analyses

Statistical analyses were conducted using SPSS 23 (IBM 
Corp). For each hippocampal subfield, we used 1-way 
ANOVA to investigate the effect of diagnosis. Diagnosis 
group (H.C. and F.E.P.) was included as an independent 
variable, and whole hippocampal volume and subfield vol-
umes were included as a dependent variable, with gender 
and the intracranial volume (ICV) as covariates. In a pilot 
study, we did not find any main effect of age and education 
on the hippocampal subfield volumes, so we did not include 
them as covariates. The correlation analysis was performed 
between the hippocampal subfield volumes and duration of 
illness, age of onset, duration of medication, and PANSS. 
A P value of .05 was considered as significant. The false 
discovery rates (FDRs) of 0.1 and 0.05 were used to control 
the false discoveries due to multiple comparisons.

Results

We found significantly lower volumes of  CA1 (left 
side: F1,129  =  6.26, P  =  .014; right side: F1,129  =  4.20, 

P  =  .041), left CA2/3 (F1,129  =  6.52, P  =  .011), CA4 
(left side: F1,129 = 7.39, P = .007; right side: F1,129 = 3.97, 
P =  .046, GCL (left side: F1,129 = 7.38, P =  .007; right 
side: F1,129 = 4.09, P = .043), and left ML (F1,129 = 7.38, 
P = .007) in FEP patients compared to HC (table 2; fig-
ure 2). Only the whole left hippocampal volume and left 
CA1, CA3, CA4, GCL, and ML volumes were signifi-
cantly lower in FEP at the FDR of  0.1, and no subfield 
was significant at the FDR of  0.05. We did not find any 
significant correlation between the hippocampal sub-
field volumes and the duration of  illness, age of  onset, 
duration of  medication, and PANSS.

Discussion

In this study we demonstrated that hippocampal sub-
field volumes in left CA1, CA3, CA4, GCL, and ML, 
and right CA1 and CA4 and GCL were abnormally 
lower in patients at FEP compared to healthy subjects, 
although these abnormalities were only significant in the 
left hippocampus at FDR of 0.1. These findings indicate 

Table 2. Statistical Comparisons of Hippocampal Subfield Volumes (mm3) in First-Episode Psychosis (FEP) Patients and Healthy 
Controls (HC)

Left Hippocampus HC FEP F1,129 P

CA1 654.043 ± 7.234 626.305 ± 8.296 6.265 .014
CA2/3 220.184 ± 3.161 207.823 ± 3.625 6.518 .011
CA4 261.687 ± 2.835 249.883 ± 3.252 7.386 .007
GCL 307.698 ± 3.310 293.754 ± 3.796 7.562 .007
ML 592.611 ± 5.885 568.126 ± 6.75 7.375 .007
Presubiculum 330.249 ± 3.893 322.917 ± 4.465 1.511 .223
Subiculum 449.693 ± 4.729 438.288 ± 5.423 2.479 .114
Tail 523.622 ± 6.748 517.726 ± 7.738 0.325 .581
Right Hippocampus HC FEP F1,129 P
CA1 676.457 ± 7.036 654.397 ± 8.069 4.189 .041
CA2/3 229.945 ± 2.939 223.801 ± 3.370 1.862 .168
CA4 266.997 ± 2.617 259.012 ± 3.002 3.965 .046
GCL 311.023 ± 2.995 301.751 ± 3.434 4.085 .043
ML 598.516 ± 5.713 583.531 ± 6.552 2.932 .085
Presubiculum 312.506 ± 3.828 310.933 ± 4.390 0.072 .774
Subiculum 440.639 ± 4.872 434.747 ± 5.588 0.623 .415
Tail 559.986 ± 6.969 556.925 ± 7.992 0.082 .775

Note: ML, molecular layer; GCL, granule cell layer.

Fig. 1. Representative subfield labels of the left hippocampus of a healthy subject. Sagittal, coronal and axial planes are shown.
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early shrinkage of hippocampal subfields, especially CA 
regions in the psychosis spectrum.

Great efforts have been exerted towards the in vivo 
automatic segmentation of hippocampal subfields, 
recently, due to the interest in further understanding the 
clinical and cognitive roles of hippocampal subfields in 
psychosis.13,15,29–33 Some studies focused on the surface 
components30,33,34 or the long-axis,35 while some oth-
ers used atlases developed from high-resolution MRI 
images.13,28,29 However, it is only until recent that a novel 
segmentation method was developed based on ultra-high 
resolution MRI images of ex vivo hippocampal tissue,22 
which provides a detailed atlas and reliable segmentations 
of subfields, especially CA1.15,16,28,36

The bilateral low volumes of  CA1 in FEP was in line 
with previous studies in early-course16,30 and chronic 
schizophrenia patients.9,29 As recently reported by a 
longitudinal study by Ho,16 in subjects who developed 
psychosis hippocampal volume loss might arise from 
CA1, and consequently spread to others subfields as 
the course and worsening of  the illness progress.16,30 
Several studies suggested possible pathophysiological 
mechanisms related this finding, relying on observation 
that CA1 subfield was found to be particularly vulner-
able to hypoxia25,26 and to hyperexcitation of  glutamate 
receptors (NMDA). However, given that hippocampal 
subfields are interconnected, such as the tri-synaptic 
circuitry between GCL, CA2/3, and CA1, pathology in 
a specific subfield would ultimately impact the neigh-
boring connections. Specifically, it has been hypoth-
esized that glutamatergic hyperactivity in CA1 might 
be caused by a lack of  inhibition of  glutamatergic CA3 
input and leading to a dopaminergic hyperfunction.27 
Indeed, CA1 hypermetabolism/hyperexcitation may 
conduct to excitotoxic damage, with secondary CA1 
and CA2/3 volume loss.27

Within the hippocampus, areas CA1 and CA2/3 are 
the principal pyramidal cell fields14 and recent studies 
have suggested important differences in the function in 
spatial and contextual memory.37,38 It has been suggested 
that these regions play an important role in encoding and 
associating memory traces, and alterations in such pat-
terns would eventually result in psychosis phenomenon.4 
Thus, abnormalities in CA2/3 may underlie specific psy-
chotic psychopathologic features, that cannot be cor-
rected because of inability to perform pattern separation, 
conjunctive encoding, and/or pattern completion.39

CA4 is considered an important anatomic site of inter-
section for innervation pathways connecting the hippo-
campus with several other cerebral sites. Indeed, CA4 
volume loss, as seen here, might affect connectivity to 
other hippocampal and brain regions in patients with 
major psychosis. For example, Fatemi et  al40 observed 
significant decreases in Reelin levels, a secretory glyco-
protein responsible for lamination of brain, in CA4 area 
of schizophrenia and mood disorder patients.

The GCL takes part of the trisynaptic circuitry and 
is involved in neurogenesis and synaptic plasticity dur-
ing brain development and adulthood.41 GCL volume 
loss was observed over time as significant effects of the 
illness, and could be related with stress, environmental 
factors, substance abuse and fundamental cell abnor-
malities. Thus, multiple genes associated with neuronal 
development,41,42 including schizophrenia susceptibility 
genes,43 eg, neuregulin-1,44 and dysbindin,45 are expressed 
in the GCL.46 The low GCL volume in FEP observed in 
our study may indicate some of the neuropathological 
changes underlying schizophrenia, as decreased cell pro-
liferation47 and memory impairment.48

Finally we found a shrinkage in the left hippocampal sub-
fields. Currently, despite the emerging of new approaches 
and techniques in the MRI fields, there are relatively few 

Fig. 2. Left and right hippocampal volumes (mm3) in first-episode psychosis (FEP) patients and healthy controls (HC). Volumes of 
bilateral CA1, CA4, and granule cell layer (GCL), and of left CA3, and left molecular layer (ML) were significantly smaller in FEP 
patients compared to HC.
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studies related to hippocampal subfields in FEP and, 
specifically, investigating symmetry. Consistent with our 
results, Velakoulis et al49 found reduction in left hippo-
campal volumes from the onset of both schizophrenic 
and affective psychosis. These results are in line with the 
continuum of psychosis spectrum; however, although hip-
pocampal involvement is reported both in affective and 
non-affective psychoses,13,49,50 the asymmetry in volume 
reduction is still controversial, also because different ways 
of hippocampal segmentation may introduce further vari-
ability. In particular, the left hippocampal volumes have 
been reported to be smaller at the onset of the psychosis,49 
while bilaterally in psychosis spectrum chronic patients.50,51 
Thus, the hippocampus has been reported to be decreased 
in patients with bipolar disorder with psychotic features 
but not in those without psychosis.52

In this study we have examined hippocampal alterations 
across the psychotic spectrum. Indeed, according with sev-
eral lines of evidence, affective and non-affective psychosis 
share clinical,53 morphological,54 and genetic vulnerabilities 
and risk factors,55,56 leading to a growing consensus to read 
these 2 entities along a continuum.57 Investigating the first 
episode appears particularly important because it allows to 
examine psychosis phenomenon as a dimensional contin-
uum, in light of the Research Domain Criteria (RDoC),58 
and not as categorical (and chronic) diagnoses. Anyway, in 
this work we did not investigate from where the volumetric 
difference in hippocampal subfields between psychotic and 
healthy subjects stems, but it is certainly worthy of consid-
eration for future studies.

A major limitation should be considered in our study. 
Although at the first episode, patients had received some 
medication exposure during stabilization. We thus were 
not able to fully exclude the impact of psychotropic drugs 
on the hippocampus in FEP, although no associations 
between duration of medication and any hippocampal 
volumes were found. The novel segmentation method of 
hippocampal subfields estimated the ML volume with 
the total hippocampal volume and the volumes of other 
subfields, when T1 images were used alone. Although the 
novel automatic segmentation method has been proved 
to capture hippocampal subfield abnormalities in several 
clinical populations, it is not fully compared with manu-
ally labeled atlas of hippocampal subfields. Thus, our 
results still need to be interpreted with caution.

Conclusions

We found abnormal lower hippocampal subfield volumes 
in FEP compared to healthy subjects, especially in the left 
CA regions, being a potential neural marker for psychosis 
onset. Future longitudinal MRI study coupled with neu-
ropsychological investigations should explore the pos-
sible changes of hippocampal subfields over time in FEP 
to elucidate their impact on cognition along the spectrum 
of psychosis.
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