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Background: Accumulating evidence from postmortem and magnetic resonance imaging (MRI) studies suggests that abnormalities of
medial temporal lobe structures are critically involved in the pathogenesis of schizophrenia. It is still unclear, however, whether certain ab-
normalities are already present in individuals at ultra high-risk (UHR) for transition into psychosis. Recent studies involving patients at UHR
showed contradictory results for hippocampal volume, and only 1 study reported that amygdalar volume was unchanged between healthy
patients and those at UHR. Furthermore, no subregions of the hippocampus have been investigated in people at UHR. Methods: We re-
cruited 29 UHR patients, 23 first-episode patients and 29 age- and sex-matched healthy controls. We measured hippocampal and amyg-
dalar volumes from MRI scans by use of BRAINS2 to manually trace the regions of interest. The hippocampi were divided in 2 regions:
head and corpus/tail. Results: Patients at UHR had significantly smaller volumes of the hippocampus corpus and tail bilaterally, but not of
the head, compared with healthy controls. Group differences for the right hippocampus corpus and tail volume remained significant after
we controlled for whole brain volume and other covariates. We found that UHR patients who later developed psychosis had smaller right
hippocampus corpus and tail volumes than did those who did not develop psychosis. First-episode patients had significantly smaller left
amygdalar volumes than did healthy individuals or those at UHR. Limitations: Our study had a small sample size, and we were unable to
control for the effects of medication. Conclusion: Our findings suggest that parts of the hippocampal–amygdalar complex are involved in
the pathogenesis of schizophrenia. Reduction of hippocampus corpus and tail volumes may be indicative of the prodromal phase of
schizo phrenia and represent risk factors for transition into psychosis. Further investigations are needed to determine whether structural
changes of the left amygdala play a role during transition from the prodromal phase to the first manifest episode of schizophrenia.
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Introduction

Accumulating evidence from neuropsychological and imag-
ing studies suggests that the hippocampal and entorhinal re-
gions of the brain are critically involved in the pathogenesis
of schizophrenia. Recent meta-analyses of studies involving
the use of voxel-based morphometry revealed that patients
with schizophrenia have structural deficits in the temporal
lobe areas, especially in the hippocampus.1–3 The hypothesis
that abnormalities of medial temporal lobe structures are key

components of the schizophrenic disease process is sup-
ported by evidence indicating that even first-episode patients
show a loss of grey matter of the hippocampal–amygdalar
complex in both hemispheres.4 Similarly, bipolar patients
with psychotic symptoms differ from patients without psy-
chotic symptoms and controls in that they show comparable
decreased left hippocampal volumes similar to schizophrenia
patients, relative to healthy controls.5

Whether such volume reductions — particularly of grey
matter — of hippocampal and amygdalar structures represent
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trait markers of psychosis and may be present before the on-
set of psychotic symptoms or in first-degree relatives is a
matter of debate. McDonald and colleagues6 reported no
structural changes of the hippocampal region in unaffected
first-degree relatives of schizophrenia patients. In contrast,
Seidman and coworkers7 described smaller left hippocampal
volumes particularly in nonpsychotic first-degree relatives
from families in which more than one person had schizo-
phrenia. Left hippocampus volume was shown to be signifi-
cantly associated with verbal memory, perhaps reflecting a
vulnerability marker of schizophrenia. O’Driscoll and col-
leagues8 and Ongur and colleagues9 reported similar results.

The situation becomes more puzzling, however, when in-
dividuals at ultra high-risk (UHR) of schizophrenia are in-
cluded. Because schizophrenia does not break out abruptly
but rather develops through a perennial prodromal phase, it
may be important to intervene early and to identify the neu-
robiological markers and the pathophysiology of schizophre-
nia. There are many definitions of the initial prodrome of
schizophrenia, but they all describe a period that begins with
the first changes in a person and extends up to the develop-
ment of the first psychotic symptom.10 So-called prodromal
symptoms include attenuated positive symptoms (illusions,
ideas of reference, magical thinking, superstitiousness), brief
limited intermitted psychotic symptoms (hallucination and
delusion lasting less then 7 days), so-called cognitive basic
symptoms (thought interference, tendency of self reference,
changed language expression) and social withdrawal.10–12

Early and late neurodevelopmental disturbances in schizo-
phrenia and their functional consequences have been investi-
gated, and results show that structural brain abnormalities
are already apparent in the premorbid stage.13 In a large
study comparing people at UHR with first-episode patients
and healthy controls, Phillips and colleagues14 reported re-
duced left and right hippocampal volumes in the UHR group
and in first-episode patients compared with controls. Surpris-
ingly, in UHR individuals who later developed a psychotic
disorder, the volume of the left hippocampus was larger than
that in the nonpsychotic UHR and first-episode patients. In
addition, the same group15 found that the volume of the left
hippocampus in UHR individuals with a family history of
schizophrenia was larger than that in UHR individuals with-
out a familial disposition. In an enlarged sample of individuals

at UHR, hippocampal and amygdalar sizes did not differ
from controls, irrespective of whether or not the UHR partici-
pants later developed a psychotic disorder.16 In the same
study, robust results of hippocampal volume reductions
were found in patients with chronic schizophrenia and first-
episode schizophrenia. These findings therefore suggest that
structural changes of the medial temporal lobe may emerge
only after the onset of psychotic symptoms and that environ-
mental factors play a decisive role in the development of
structural brain anomalies.

In light of these conflicting results, we were interested in
investigating hippocampal and amygdalar volumes in an in-
dependent sample of individuals at UHR of schizophrenia
and in first-episode patients. Because the hippocampus is a
complex and widely distributed structure, we also focused
on anatomic subdivisions, which have not yet been investi-
gated in UHR individuals. Specifically, we hypothesized that
both UHR and first-episode patients would have smaller hip-
pocampal volumes than would healthy controls and that the
hippocampal volumes would be intermediate in size in UHR
people. We also explored the differences in amygdalar vol-
ume between the diagnostic groups.

Methods

Participants

In total, 81 participants (29 UHR patients, 23 first-episode
schizophrenia patients and 29 healthy controls) aged 18–38
years (mean 25.7, standard deviation [SD] 5.2 yr) took part in
this study. Table 1 summarizes the participants’ demographic
and clinical characteristics. The UHR participants were re-
cruited from the Early Recognition and Intervention Center,
Department of Psychiatry and Psychotherapy of the Charité
Berlin (Central Campus) and were diagnosed according to the
Structured Interview for Prodromal Symptoms.17 We included
patients who had at least 1 attenuated positive symptom with
a severity level of at least 3 (Box 1). First-episode schizophre-
nia patients (diagnosed by DSM-IV18) were in-patients or had
frequent contact with the out-patient clinic. 

Before being included in the study, participants underwent
a medical examination and blood and urine tests to exclude
physical health problems. We screened the healthy controls

Table 1: Demographic and clinical characteristics of the 81 study participants

Group; mean (SD)* Statistics

Characteristic
Ultra high-risk,

n = 29
First-episode schizophrenia,

n = 23
Control,
n = 29 Test p value

Age, yr 25.3 (4.3) 26.4 (6.1) 25.7 (5.2) F
2,78

= 0.3 0.92

Sex, male:female 19:10 16:7 17:12 χ2 = 0.70 0.87

Handedness: right, left, mixed or unknown 24, 2, 3 13, 5, 5 23, 5, 1 χ2 = 7.33 0.23

Short-duration antipsychotic medication, yes:no 11:18 6:17 — χ2 = 3.42 0.57

PANSS positive 11.9 (3.4) 19.3 (5.1) t50 = –6.17 < 0.001

PANSS negative 13.6 (5.2) 18.0 (5.1) t50 = –3.08 0.003

Whole-brain volume, cm3 1259 (146) 1214 (107) 1262 (99) F2,78 = 1.22 0.75

NS = not significant; PANSS = Positive and Negative Syndrome Scale;25 SD = standard deviation.
*Unless otherwise indicated.
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by use of the Mini International Neuropsychiatric Interview19

for mental diseases in their history or that of their family. We
excluded any individual with a history of neurologic or 
severe somatic illness, head injury or alcohol dependence.
We also excluded those with a history of cannabis abuse dur-
ing the 3 months before scanning, except for those whose
psychotic symptoms began before the onset of cannabis
abuse. Patients with prodromal symptoms received a diagno-
sis of schizotypal disorder (ICD-10 F21, DSM-IV-TR 301.22). 

We determined handedness using the Edinburgh Handed-
ness Inventory,20 and we estimated premorbid verbal IQ 
using a German screening instrument (MWT-B) that resem-
bles the Spot-the-Word-Test.21 This study was approved by
the local ethics committee (Medical Faculty, Charité Berlin)
and was carried out in accordance with the Declaration of
Helsinki (Edinburgh 2000 version). All participants gave
their written informed consent after the study design and
procedures had been fully explained to them. A psychiatrist
who was independent from the study confirmed after his

own investigation that the patients with schizophrenia were
capable of giving informed consent.

Structural MRI scanning

We performed magnetic resonance imaging (MRI) using a
Siemens MAGNETOM Symphony 1.5-T scanner. We ac-
quired a 3-dimensional structural MRI scan for each partici-
pant by use of a T1-weighted magnetization-prepared rapid-
acquisition gradient-echo (MPRAGE) sequence (repetition
time 2280 ms, echo time 3.93 ms, TI 1100 ms, flip angle 15°,
matrix size 256 × 256 and a field of view of 256 × 256 mm2,
which gave 160 transversal slices with a thickness of 1 mm
with a voxel size of 1 × 1 × 1 mm3).

A neuroradiologist reviewed all MRI brain scans; no gross
abnormalities (e.g., tumour, space-occupying cystic lesion
greater 10 mm, signs of bleeding, contusion, infarction, major
grey or white matter lesions) were reported.

Data analysis

We analyzed the data using BRAINS2 (Brain Research: Analy-
sis of Images, Networks and Systems; Iowa Mental Health
Clinical Research Center, www.psychiatry.uiowa.edu).
BRAINS2 allows manual tracing of regions of interest (ROIs)
and calculates the volume of the ROIs. Manual tracing was
made using double-amplified images. In cases where the
anatomic borders of the target structures were blurred, we
used 4-fold–enlarged images. Calculations of whole brain vol-
ume were made with SPM2 (www.fil.ion. ucl .ac . uk /spm/).22

Hippocampus

By use of the software MRIcro (www.sph.sc.edu/comd/
rorden/mricro.html), we tipped the MRI scans along the lon-
gitudinal axis of the hippocampus in horizontal line to get a
better rating of the hippocampal borders.23 To draw the
anatomic borders of the hippocampus, we used the scripts of
Pantel and colleagues24 and Pruessner and colleagues.25 We
generated the hippocampal volume using the coronal slices. In
the coronal images, the identification of the hippocampal bor-
ders, especially the differentiation of the hippocampus and
amygdala, is very difficult. To facilitate the delineation in coro-
nal images, we marked the hippocampal borders in the sagittal
slices. These marked borders could also be seen in the coronal
images. The drawings in the sagittal slices were obtained from
lateral to medial MRI slices.23 The hippocampus was divided
into 2 regions: head and corpus/tail (Fig. 1). The border be-
tween the 2 subregions was defined by the sulcus hippocam-
pus, which was clearly visible on the sagittal images.

Amygdala

To draw the anatomic borders of the amygdala, we used the
scripts of Pantel and colleagues24 and Pruessner and col-
leagues.25 In contrast to their methods, we marked the amyg-
dalar borders in the axial and sagittal images first. These
marked borders could also be seen in the coronal slices, and

Box 1: Inclusion and exclusion criteria

Ultra high-risk patients
Inclusion criteria

• Attenuated psychotic symptoms

- Presence of at least 1 of the following symptoms: ideas of reference,
odd beliefs or magical thinking, unusual perceptual experiences, odd
thinking and speech, suspiciousness or paranoid ideation, odd
behaviour or appearance (SIPS score of 3, 4 or 5)

- Symptoms occurring at least several times a week
- Duration of mental state change of at least 1 week within the last

3 months

• No substance abuse
- For cannabis, there had to be a drug-free period of at least 3 months

if a symptom was not definitely present before the use of any drug.
The respondent could, however, be included, if the symptom was
present before cannabis use

- If a symptom was definitely present before the use of cannabis, the
respondent with present abuse could be included

- For hallucinogenics and amphetamines, the drug-free period had to
be 3 months (i.e., new symptoms had to still present after this period)

Exclusion criteria

• Acute psychosis

- Presence of at least 1 of the following psychotic symptoms:
delusions, formal thought disorders or hallucinations (PANSS score
P1–P3, P5–P6 ≥ 4 within the last 3 months)

- Symptoms occurring at least several times a week

- Duration of mental state change of longer than 1 week

First-episode schizophrenia patients
Inclusion criteria

• Acute psychosis

Exclusion criteria

• Same as for ultra high-risk patients

All patients and healthy controls
Exclusion criteria

• Organic mental disorder

• History of alcohol dependence
• Cannabis abuse in the last 3 months, except if the psychotic symptoms

were experienced before the onset of cannabis abuse

• Verbal IQ below 85

• Gross abnormalities in a brain MRI scan

IQ = intelligence quotient; MRI = magnetic resonance imaging; PANSS = Positive and
Negative Syndrome Scale;25 SIPS = Structured Interview for Prodromal Symptoms.17



they helped us to draw the boundaries in the coronal slices
that were done from posterior to anterior MRI slices. We deter-
mined the amygdalar volume using the coronal slices23 (Fig. 2).

Interrater and intrarater reliability

To test the intrarater reliability, we measured the ROI vol-
ume twice for 5 brains. The period between the first and sec-
ond measurement was at least 3 weeks. The interrater relia-
bility was determined by measuring the volumes of the ROIs
of the 5 brains by an independent second investigator. Nei-
ther investigator knew the patients’ names or which group
the images were from. 

Statistical analysis

We analyzed the volumes of the ROIs separately for the left
and right side. To test for differences between the groups 
for volume, we used analysis of variance (ANOVA) with 
independent-samples t test as post-hoc tests. Because we
found no differences in whole brain volume, age, sex, medi -
cation and handedness, we used the uncorrected values in
the primary analyses. To control for these variables in the
secondary analyses, we performed analyses of covariance
(ANCOVA) with group as the independent variable and total
brain volume, sex or medication as the covariates. 

We calculated the intraclass coefficients for intrarater and
interrater reliability. To test for associations between ROI vol-
ume and psychopathology, we used Spearman nonparamet-
ric correlations. We assessed the group differences for age
and whole brain volume using ANOVA and the group dif-
ferences in sex, handedness and medication using the χ2 test.

We compared the clinical parameters (Positive and Negative
Syndrome Scale [PANSS26] between groups using indepen-
dent-samples t tests. For comparisons between groups with
small sample sizes, we used nonparametric statistics
(Mann–Whitney U test). Owing to the exploratory character
of the hippocampal subdivision analyses, we did not correct
for multiple comparisons. Values are expressed as mean and
standard deviation (SD).

Results

Of the patients with prodromal symptoms, 14 had light-to-
middle depressive syndrome and 1 had an obsessive–
compulsive disorder. Less than half of the UHR patients
(11/29) had taken either risperidone or olanzapine in low
dosages and only for a few days (mean 1.9, SD 1.2 d); the oth-
ers were free of medication. Six of the 23 patients with first-
episode schizophrenia had taken typical or atypical neu-
roleptics at clinical dosages but only for a few days (mean 2.6,
SD 1.9 d). The others had never taken a neuroleptic. 

Within 9 months after MRI scanning, 2 of the 29 UHR pa-
tients made the transition to schizophrenic psychosis, and we
lost contact with 6 patients, probably because they transi-
tioned into full-blown psychosis (assume based on the pa-
tients’ clinical information). Thus, we were able to include 
8 converters (5 male, 3 female; mean age 24.4, SD 5.1 yr) and
21 patients (14 male, 7 female; mean age 25.9, SD 4.0 yr) who
remained clinically stable over the observation period of 
9 months (conversion rate 28%). 

Intrarater and interrater reliability for determining the size
and extension of the ROIs, whole brain volumes and grey
matter volumes were within acceptable ranges (intraclass
correlation coefficients ranged from 0.64 [p < 0.05] to 0.89
[p < 0.001]). For the amygdala, intrarater reliability was 0.92
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Fig. 1: Coronal (left) and sagittal (right) 1-mm magnetic resonance
imaging slices showing the hippocampi. The right hippocampus is
circled in blue and the left hippocampus in red.

Fig. 2: Coronal (left) and axial (right) 1-mm magnetic resonance
imaging slices showing the amygdalae. The right amygdala is cir-
cled in green (and red in the axial slice) and the left amygdala is cir-
cled in blue (and red in the axial slice).

Healthy Ultra high-risk First-episode
controls patients schizophrenia patients

Group

3.0

2.5

2.0

1.5

1.0V
ol

um
e

of
rig

ht
hi

pp
oc

am
pu

s
co

rp
us

/ta
il,

cm
3

Fig. 3: Mean right hippocampal corpus/tail volumes, with p values
from post-hoc t tests. *Significant at p < 0.05 compared with
healthy controls. **Significant at p < 0.01 compared with healthy
controls.
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(p = 0.001) and interrater reliability was 0.85 (p = 0.003). For
the hippocampus, intrarater reliability was 0.97 (p = 0.001) for
the whole hippocampus, 0.86 (p = 0.001) for the corpus/tail
and 0.96 (p = 0.001) for the head. The interrater reliability was
0.85 (p = 0.001) for the whole hippocampus, 0.74 (p = 0.02) for
the corpus/tail and 0.78 (p = 0.01) for the head.

There were no differences between the UHR group, first-
episode group and control group for age, sex distribution or
handedness. Whole-brain volume did not differ significantly
between the 3 groups (Table 1).

We observed significant differences among the 3 groups in
the size of the right hippocampal corpus and tail (F2,78 = 5.40,
p = 0.006), and the differences approached significance for the
volumes of the left hippocampal corpus and tail (F2,78 = 2.84,
p = 0.064). Exploratory analysis revealed differences in the
volume of the left amygdala among the groups (F2,78 = 3.17,
p = 0.047). We found no differences in the size of the right

amygdala and in the volume of the right and left hippocam-
pus. Post-hoc t tests revealed that the UHR patients had sig-
nificantly smaller volumes of the right (t56 = –2.90, p = 0.005)
(Fig. 3) and left hippocampal corpus and tail (t56 = –2.09,
p = 0.047) (Fig. 4) than did the controls. 

Ultra high-risk converters had significantly smaller volumes
of the right hippocampal corpus and tail than did nonconvert-
ing UHR patients (mean 1.42 [SD 0.21] v. 1.58 [SD 0.18] cm3;
Z = –2.23, p = 0.037) After we corrected the values for sex, the
difference was still significant (Z = –2.47, p = 0.031), whereas
the difference for the left side was not significant (mean 1.43
[SD 0.21] v. 1.53 [SD 0.22] cm3; Z = –1.37, p = 0.13). There was
no difference in amygdalar volume (mean 1.82 [SD 0.34] v. 1.91
[SD 0.29] cm3; p = 0.83). Converters were slightly more ill 
compared with nonconverters (PANSS positive: 12.4 [SD 3.4]
v. 10.4 [SD 3.0]; Z = –1.74, p < 0.10; PANSS negative: 15.1 
[SD 5.0] v. 9.3 [SD 2.8]; Z = –4.01, p < 0.01).
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Fig. 4: Mean left hippocampal corpus/tail volumes, with p values from
post-hoc t tests. #Significant at p < 0.10 compared with healthy con-
trols. *Significant at p < 0.05 compared with healthy controls.
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Fig. 5: Mean left amygdala volumes, with p values from post-hoc
t tests. *Significant at p < 0.05 compared with healthy controls.

Table 2: Values of hippocampal and amygdalar volumes for ultra high-risk, first-episode and healthy
participants

Group; volume, cm3, mean (SD) ANCOVA effect

Whole brain volume Group

Brain region Ultra high risk
First-episode
schizophrenia

Healthy
controls F

278
p F

278
p

Amygdala

Left 1.86 (0.31) 1.69 (0.24) 1.83 (0.20) 9.78 0.001 3.06 0.057

Right 1.87 (0.28) 1.74 (0.25) 1.82 (0.20) 6.55 0.014 1.46 0.23

Hippocampus

Corpus tail right 1.51 (0.22) 1.53 (0.19) 1.70 (0.29) 2.51 0.13 5.06 0.009

Head right 2.26 (0.31) 2.10 (0.31) 2.18 (0.37) 7.81 0.001 1.56 0.21

Total right 3.77 (0.43) 3.64 (0.37) 3.88 (0.53) 8.01 0.001 0.84 0.54

Corpus tail left 1.54 (0.20) 1.55 (0.16) 1.66 (0.25) 4.42 0.047 2.48 0.09

Head left 2.09 (0.25) 1.95 (0.32) 1.96 (0.36) 9.88 0.001 2.14 0.14
Total left 3.62 (0.39) 3.50 (0.36) 3.62 (0.51) 8.38 0.001 0.18 0.84

ANCOVA = analysis of covariance; SD = standard deviation.



First-episode patients differed from controls not only in
their right (t50 = –2.31, p = 0.025) and left hippocampal corpus
and tail volumes (t50 = –1.83, p = 0.061) but also in the left
amygdalar volume (t50 = –2.27, p = 0.028), which was consid-
erably smaller in first-episode patients than in controls
(Fig. 5). The UHR and first-episode patients differed signifi-
cantly only in left amygdalar volume, with first-episode pa-
tients having smaller volumes (t50 = 2.27, p = 0.028). We found
no differences in right or left hippocampal volume between
UHR and first-episode patients.

We found no significant correlation coefficients for whole
brain volume and any of the ROI parameters (p > 0.05). Our
analyses of variance using whole brain volume as a covariate
revealed that group differences for right hippocampal corpus
and tail volume remained significant (F2,78 = 5.06, p = 0.009).
There was only a marginal influence of whole brain volume
on left hippocampal corpus and tail size (F2,78 = 2.48, p = 0.091)
as well as on the left amygdala (F2,78 = 3.06, p = 0.053)
(Table 2). Although medication (2-level factor: medication
taken or not) in the 2 patient groups significantly influenced
group comparisons of the left hippocampal corpus and tail
volume (F2,50 = 1.54, p = 0.22); no such effect was observed for
right hippocampal corpus and tail volume (F2,50 = 4.00,
p = 0.022) or left amygdalar size (F2,50 = 3.35, p = 0.040). 

The main results did not change when we performed 
ANCOVA using sex or age as covariates. When we per-
formed a multivariate ANCOVA (general linear model)
analysis with “right/left hippocampus corpus/tail” as re-
peated measurements within the participant factor, “group”
and “sex” as between-subject factors and “total brain volume”
as a covariate, the effect for “group” was still significant
(F2,76 = 4.22, p = 0.018). When we performed the same analysis
for “left/right amygdala,” there was no longer a significant ef-
fect of group (F2,76 = 1.96, p = 0.14). Finally, we found no signif-
icant differences in size between the left and right amygdala
(t79 = 0.73, p = 0.47) and hippocampal corpus/tail (t79 = 0.11,
p = 0.92). There were no significant correlations between gen-
eral, positive or negative symptomatology, as measured with
PANSS, and any of the volume parameters for the ROIs. 

Discussion

In the present study, we sought to determine the volumes of
hippocampal subdivisions and the amygdala on both sides of
the brain in individuals at UHR of schizophrenia and in first-
episode patients and matched controls. Consistent with
some, but not all, previous studies, we found bilateral re-
duced hippocampal volume in the corpus and tail (pro-
nounced on the right side) in both UHR and first-episode pa-
tients compared with controls. Ultra-high risk converters
who developed psychosis within 9 months after MRI scan-
ning had smaller hippocampal corpus and tail volumes than
did UHR patients who remained clinically stable. 

In contrast to our original assumption, we did not find any
differences in hippocampal volume between the 2 diagnostic
groups. However, the volume of the left amygdala was re-
duced in first-episode patients compared with UHR patients
and controls, whereas amygdalar volume did not differ 

between UHR patients and healthy controls. These findings
were largely independent of whole brain volume, handed-
ness, age, sex, psychopathology and medication use. No-
tably, whole brain volumes did not differ between UHR,
first-episode patients and healthy controls, suggesting nor-
mal total brain volume in the early stages of schizophrenia.
Interestingly, we found no significant group differences for
the hippocampus head. This finding is in line with 2 previous
studies,27,28 which also failed to determine changes in the hip-
pocampal head volume in patients with schizophrenia, yet
revealed differences in the shape of the hippocampus in
schizophrenia patients relative to controls. Although macro-
scopic and microscopic alterations of hippocampal structures
may not be associated, we speculate that the negative finding
with regard to the hippocampal head in UHR and first-
episode patients suggests that the histological CA1 region is
unaffected in schizophrenia.29

Neurodevelopmental models of schizophrenia suggest that
cell migration, particularly in the medial temporal lobes and
limbic system, is impaired during fetal brain growth in indi-
viduals who later develop schizophrenia.30,31 Although a loss
of cortical and subcortical neuronal mass, especially in the
limbic system, has been well established in patients with
chronic schizophrenia,1,32 morphological changes in the hip-
pocampus and amygdala — key areas involved in the schizo-
phrenic disease process — have not unequivocally been
demonstrated in early stages of schizophrenia.33,34 In the last
couple of years, several studies have been published both in
support of or refuting the assumption of volume reductions
in these areas in the prodromal stages as compared with first-
episode patients with schizophrenia.14,16 For example, Pantelis
and colleagues35,36 hypothesized that morphological brain
changes are critical in the onset of psychosis. Accordingly, it
is assumed that early neurodevelopmental insults interact
with postpubertal brain maturation (in addition to which
nonspecific stress acts as precipitating factor) to produce
structural and functional alterations in subsequent stages of
the disorder, especially located within the temporal and
frontal lobes.37

In contrast, a longitudinal study did not find progressive
brain changes in these areas in multiple-episode patients
with schizophrenia.38 Even more recently, another longitudi-
nal study revealed that the greater severity of morphological
changes in adolescent-onset schizophrenia evolved into a
more typical adult-onset pattern over time, suggesting a 
delay and alteration of the brain maturation processes rather
than a simple progressive loss of brain tissue.39 Thus, exactly
what happens during the transition period from prodromal
to manifest psychosis is unclear. Our findings can tentatively
be interpreted in line with those of Pantelis and colleagues35,36

as providing evidence for morphological alterations in parts
of the medial temporal lobe that are critically involved in the
pathogenesis of schizophrenia and already quantifiable be-
fore the onset of full-blown psychosis. 

Moreover, our findings indicate a possible progression of
the disease process from the prodromal stages to the first clin-
ical manifestation of schizophrenic disorder, because a reduc-
tion of the amygdalar volume was found only in first-episode
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patients, whereas reduction of hippocampal volume was
found in both groups. Whether the putative progressive cell
loss in the left amygdala is caused by antipsychotic treatment
or disease-related processes is currently unknown. However,
the amygdala is known to be intimately tied to the processing
of fearful stimuli,29,39 and it has been hypothesized that cortisol
and glutamate release because of nonspecific stressors may
exert neurotoxic effects on the amygdala during the first psy-
chotic episode.40

Limitations

Our study has several limitations. The sample size was fairly
small, which might have reduced the statistical power. Ac-
cordingly, the number of participants in our study precluded
an analysis of schizophrenia subtypes. Moreover, we could
not completely exclude an influence of medication. However,
most patients in our study received antipsychotic medication
for less than 3 days; as such, the possible effect of antipsy-
chotics on hippocampal and amygdalar volumes can be
deemed to be negligible. 

Also, our study did not include another clinical control
group. Therefore, it remains unclear as to what extent our
findings are specific to psychosis. For example, according to a
recent meta-analysis, hippocampal volume is also reduced in
patients with major depression, although this was less pro-
nounced than in patients with psychosis.41 Finally, it cannot
be ruled out that our study included a largely schizotypal
population that was not so much at UHR of schizophrenia
but was manifesting a more stable syndrome indicative of a
genetic liability to schizophrenia. Studies involving MRI
scanning suggest that patients with schizotypal personality
disorder show abnormalities in some, but not all, of the brain
regions implicated in schizophrenia. Several studies found
reduced temporal cortex volume, particularly in the superior
temporal gyrus42,43 but also in the middle and inferior temp -
oral gyrus.44 Reduction of medial temporal volume, including
the amygdala and/or hippocampal complex, has not been
consistently observed in schizotypal personality disorder.45

Only one study reported reduced hippocampal volume in
women with schizotypal personality disorder.46 Follow-up
studies of patients with prodromal symptoms showed that
those who later made the transition to schizophrenia had sev-
eral psychiatric diagnosis such as major depression, dys-
thymic disorder, hypochondriasis, somatization disorder,
panic disorder, generalized anxiety disorder, obsessive–
compulsive disorder and all kinds of personality disorders.12,47

That is why we did not use these psychiatric disorders as ex-
clusion criteria for the diagnosis of a prodromal state. 

We did not use diagnostic instruments to analyze the per-
sonality structure in detail because no personality disorder
(except schizotypal personality disorder) has been reported
to have a significant positive correlation with subsequent di-
agnosis of schizophrenia.12 On the other hand, our study was
performed in accordance with the methodological require-
ments for magnetic resonance–based in vivo hippocampal
volumetrics;48 that is, a magnetic field strength of 1.5 T, slice
thickness of 1 mm (compared with other studies that used

slices of 1.5 mm; for example, Woods and colleagues34 and 
Velakoulis and colleagues16), discernible anatomic boundaries
of the hippocampus and amygdala and use of the BRAINS2
program to provide a simultaneous presentation of the axial,
coronal and sagittal views.

Conclusion

Our study shows that morphological changes in key areas of
the schizophrenic disease process can already be detected in
patients at UHR of schizophrenia. These individuals had sim-
ilar volume reductions of parts of the hippocampus as did
first-episode patients. Unlike first-episode patients, however,
people at UHR of psychosis did not have abnormalities in the
amygdala. Longitudinal studies with individuals at UHR and
after manifestation of full-blown psychosis may reveal
whether the amygdala is subject to progressive changes in
the early stages of schizophrenia and whether such neuronal
losses can be prevented by the early use of antipsychotic and
nonpharmacological treatments.
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