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Introduction: Hippocampal abnormalities have been widely 
studied in schizophrenia spectrum populations including 
those at ultrahigh risk (UHR) for psychosis. There have 
been inconsistent findings concerning hippocampal mor-
phology prior to and during the transition to psychosis, and 
little is known about how specific subregions are related to 
the symptom progression. Methods: A total of 80 partici-
pants (38 UHR and 42 healthy controls) underwent a 3T 
MRI scan, as well as structured clinical interviews. Shape 
analysis of hippocampi was conducted with FSL/FIRST 
vertex analysis to yield a localized measure of shape dif-
ferences between groups. A  subgroup of the sample (24 
UHR and 24 controls) also returned for a 12-month clinical 
follow-up assessment. Results: The UHR group exhibited 
smaller hippocampal volumes bilaterally, and shape analysis 
revealed significant inversion in the left ventral posterior hip-
pocampus in the UHR group. Greater inversion in this sub-
region was related to elevated symptomatology at baseline 
and increased positive symptoms, negative symptoms, and 
impaired tolerance to normal stress 12 months later. These 
results did not hold when left hippocampal volume was used 
as a predictor instead. Discussion: This represents the first 
study to use vertex analysis in a UHR sample and results 
suggest that abnormalities in hippocampal shape appear to 
reflect underlying pathogenic processes driving the progres-
sion of illness. These findings suggest that examining shape 
and volume may provide an important new perspective for 
our conception of brain alterations in the UHR period.

Key words:  Hippocampus/MRI/shape analysis/vertex 
analysis/ultra-high risk/psychosis

Introduction

Abnormalities in the hippocampal formation are one 
of the most widely cited brain findings implicated in 

the pathophysiology of psychosis.1–4 The structure plays 
a central role in leading neurodevelopmental models,4 
being widely implicated as an interaction point between 
early vulnerability and later environmental stressors.5,6 
There are a number of important reasons for investigat-
ing the hippocampus in the ultrahigh risk (UHR) period 
immediately preceding the onset of psychosis. Research 
during this period can provide a unique prospective view 
into etiological processes driving the onset of psychotic 
disorders because as many as 36% of individuals meet-
ing criteria for a UHR syndrome will go on to develop a 
psychotic disorder such as schizophrenia within a 2-year 
period.7 Further, the UHR period offers an important 
opportunity to understand abnormalities in brain struc-
ture because the third variable confounds inherent in 
studies of formally psychotic patients (eg, long-term neu-
roleptic medication, drug, and alcohol effects on brain 
volume) are not as prevalent.8

Neural diathesis-stress conceptions of psychosis high-
lighting hippocampal vulnerability9–12 suggest that during 
the prodromal period, vulnerabilities in the hippocam-
pus interact with normative and pathological adoles-
cent neural and endocrine developmental factors and 
environmental stressors, ultimately driving the onset of 
psychosis. Cross-sectional studies with twins concordant 
and discordant for schizophrenia suggest that environ-
mental stressors early in life play a role in reduced hip-
pocampal volume.13–15 However, the body of empirical 
work in psychosis has yet to reach a consensus about the 
exact nature of impairment prior to the onset of the dis-
order.16,17 Specifically, while cross-sectional studies have 
reported evidence to suggest that a reduction in hippo-
campal volume occurs only after a first episode,18,19 other 
investigations have observed that smaller volume in the 
hippocampus is present prior to the onset of psychosis.18 
Prospective studies focusing on the UHR period suggest 
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that there is limited agreement about differences in the 
hippocampal structure between those who do and do not 
develop a psychotic disorder20–23 and schizophrenia spe-
cifically.24,25 Several studies have suggested that despite 
smaller hippocampal volumes bilaterally in UHR indi-
viduals, there were no differences between those who did 
and did not develop psychosis23,26 and schizophrenia.24 
One prospective study suggests that greater left hippo-
campal volume is related to the transition to psychosis,19 
while others have found that reduced medial temporal 
lobe grey matter volumes is related to eventual transition 
to psychosis20,22 and schizophrenia.25

It is important to consider that the UHR period often 
occurs during adolescence, a period characterized by rapid 
and significant neural reorganization.27 Measures of volume 
alone may miss subtle but important changes in hippocam-
pal shape that occur during this dynamic stage. For exam-
ple, when using a volumetric approach alone, subtle changes 
in 1 area of a structure may be missed entirely or increases 
in 1 area may effectively cancel out decreases in another 
area. The potential to examine the shape of the hippocam-
pus during the UHR period is particularly important as the 
different subregions are responsible for a range of specific 
functions, may have heterogeneous developmental trajecto-
ries, and may be uniquely vulnerable to insult.28–30 Recent 
advances in neuroimaging modalities for investigating brain 
region of interests (ROIs) have become increasingly sophis-
ticated31 and segmentation software packages now offer 
state-of-the-art shape analysis capability.32 Investigations 
of patients with schizophrenia and their unaffected family 
members suggest that an inward transformation of the hip-
pocampus head bilaterally may be associated with vulnera-
bility to schizophrenia.33–35 However, to date, this promising 
method has not been used in a UHR sample.

The current study recruited a total of 80 UHR and 
matched control participants—utilizing structural neu-
roimaging, innovative shape analysis software, and struc-
tured clinical interviews—to examine hippocampal shape 
abnormalities associated with UHR symptom domains. 
We hypothesized that hippocampal shape abnormalities 
would be related to more severe UHR positive and nega-
tive symptoms, as well as, impaired tolerance to normal 
stress (ITNS) based on previous work linking symptoms 
of psychosis and impaired stress reactivity with hippo-
campal abnormalities during the UHR period.4 Further, a 
subset of participants was followed for a 12-month period. 
We hypothesized that baseline hippocampal shape abnor-
malities would be associated with worsened positive, nega-
tive, and ITNS symptoms within the UHR group.

Methods

Participants

A total of 80 adolescent and young adult healthy control, 
and UHR participants between 16 and 21  years of age 
were recruited to the University of Colorado Boulder’s 

Adolescent Development and Preventive Treatment 
(ADAPT) research program (see table 1). Exclusion crite-
ria consisted of head injury, the presence of a neurological 
disorder, lifetime substance dependence, and the presence 
of any contraindication to the magnetic resonance imaging 
environment. The presence or lifetime history of an Axis 
I psychotic disorder and use of any antipsychotic medica-
tion were exclusion criteria for UHR participants. The pres-
ence of a psychotic disorder in a first degree relative was an 
exclusion criterion for controls. The protocol and informed 
consent procedures were approved by the University of 
Colorado Boulder Institutional Review Board in accor-
dance with the Belmont Report.36 Participants older than 
18 years gave written consent to participate. A parent gave 
written consent for participants younger than 18 years of 
age, who gave written assents. Participants were compen-
sated for their time with cash or gift cards.

The ADAPT study is ongoing, and to date, 12 months 
have passed for 63 individuals who have completed 
a baseline assessment. Each of these individuals was 
invited back, and among the 63, a total of 50 UHR and 
healthy control participants between 17 and 22 years of 
age (M = 19.90 years, SD = 1.45 years) agreed to return to 
complete clinical interviews. Of the 50 who returned, 2 of 
the UHR participants had begun treatment with antipsy-
chotic medication between the baseline and follow-up vis-
its, and were excluded from follow-up analyses. The total 
follow-up sample included 48 participants (n = 24 UHR, 
24 control). Those who were lost to attrition reported loss 
of interest in continuing with the study (n = 0 UHR and 
2 controls), or could not be contacted (n = 4 UHR and 
7 controls). A subset of the current participants in this 
study were also a part of a previous study designed to 
examine the relationship between medial temporal struc-
ture volume, and physical activity.37 This study did not 
evaluate shape, or examine multiple time points.

Clinical Interviews

At baseline, the Structured Interview for Prodromal 
Syndromes (SIPS)38 was administered to both UHR and 
control subjects to diagnose a UHR syndrome (the SIPS 
was used to rule out UHR symptoms in healthy controls). 
A total sum score for the positive and negative symptom 
domain was used as an indicator of the respective dimen-
sions of symptomatology and 1 item from the general 
symptom scale, ITNS, was rated from 0 (absent) to 6 
(extreme). The Structured Clinical Interview for Axis-I 
DSM-IV Disorders (SCID)39 was administered to rule 
out a psychotic disorder diagnosis and to examine his-
tory of mood, and anxiety disorders.

At follow-up, the SIPS was administered to track UHR 
symptom changes over 12  months and the SCID was 
administered to assess for possible transition to psychosis. 
See supplemental material for more information regard-
ing UHR criteria, and training of clinical interviewers.
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Structural Imaging

Structural MRI scans were acquired on a Siemens 3-Tesla 
Magnetom TIM Trio MRI scanner (Siemens AG) with a 
12-channel head coil. Please see supplemental material 
for the structural imaging parameters and processing. 
Target structures consisting of the left and right hippo-
campus and total intracranial volume (TICV; ie, the sum 
of whole-brain gray matter + white matter + cerebrospi-
nal fluid) were segmented using the FreeSurfer 5.3.0 suite 
of automated tools.32 Each structure was divided by the 
participant’s TICV to control for whole-brain volume.

Shape (ie, vertex) analyses were carried out using the 
FMRIB Software Library (FSL) 5.0.7 FIRST tool.40 This 
tool allows for a model-based segmentation and registration 
of anatomical images, where volumetric labels are parame-
terized as surface meshes. Models for each subcortical struc-
ture are based on a training set of manually traced images. 
Vertex locations from each participant are projected onto 
the surface of the average shape transformed to Montreal 
Neurological Institute space. Scalar projection values were 
processed with univariate permutation methods using 
FSL’s randomise tool, corrected at the cluster-level using 

Threshold-Free Cluster Enhancement41 to a Family-Wise 
Error rate of P ≤ .05. Between-group comparisons were per-
formed for both the left and right hippocampus with 5 000 
permutations. A mask of the hippocampal region showing 
a significant group difference was created. A mean vertex-
level scalar projection value of this hippocampal region 
was extracted for each participant using the fslstats com-
mand line utility for summary statistics. The resulting val-
ues, where negative/positive values suggest greater inversion/
eversion from the average hippocampal shape, were then 
examined in Statistical Package for the Social Sciences 22 
to explore differences between groups, relationship to symp-
toms at baseline and follow-up, and symptom differences 
after 12 months.

Additional Data Analysis

Independent t tests and chi-square tests were employed 
to examine differences between groups in continuous and 
categorical demographic variables, respectively. ANOVA 
with age as a covariate of no interest was used to exam-
ine group differences for hippocampal volume and shape. 
Healthy controls reported limited positive, negative, or 

Table 1.  Demographic Characteristics and Results of Hippocampal Volume Analysis

UHR Control Statistic P

Age
  Mean (SD) 18.92 (1.42) 18.74 (1.93) t(75.07) = .49 NS
Gender
  Male 22 21
  Female 16 21
  Total 38 42 χ2(1, N = 80) = .50 NS
Education (y)
  Mean (SD) 12.75 (1.53) 12.55 (2.23) t(78) = .44 NS
Ethnicity
  Hispanic 8 15
  Non-Hispanic 30 27 χ2(1, N = 80) = 2.09 NS
Parent education
  Mean (SD) 15.99 (2.24) 14.85 (3.74) t(78) = 1.46 NS
Race
  First Nations 1 0
  East Asian 2 4
  Southeast Asian 0 2
  Black 1 1
  Central/South American 8 15
  West/Central Asia and Middle East 1 2
  White 25 18 χ2(6, N = 80) = 7.09 NS
Recruitment method
  Internet advertisements 28 32
  Community fliers and bus/radio ads 4 10
  Community professional referral 6 0 χ2(2, N = 80) = 8.66 ≤.01
Right hippocampus volume %TICV
  Mean (SD) .0026 (.0002) .0027 (.0002) F(1, 79) = 8.48 ≤.01
Left hippocampus volume %TICV
  Mean (SD) .0026 (.0002) .0027 (.0002) F(1, 79) = 4.67 ≤.05
Left ventral posterior hippocampus scalar value
  Mean (SD) −.21 (.60) .19 (.52) F(1, 79) = 10.02 ≤.01
  Range −1.59 to .87 −1.31 to .99 — —

Note: UHR, ultrahigh risk; NS, not significant.
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ITNS symptoms and analyses concerning the relationship 
between hippocampal shape and symptom severity focused 
on the UHR group alone. Relationships between hippo-
campal shape transformation and positive, negative, and 
ITNS symptoms at baseline were examined using one-tailed 
Pearson correlations with age as a covariate. A series of 3 
hierarchical regression analyses were conducted within the 
UHR group alone. Positive, negative, and ITNS symptoms 
at the follow-up assessment were used as the dependent 
variables and the respective symptom variable for the base-
line assessment was entered in the first block. In the second 
block, age was included as a covariate. In the third block, 
left hippocampal shape transformation value was entered 
as the predictor variable. With each analysis, the magnitude 
of R2 change (ΔR2) was tested for significance. This ana-
lytic approach tests the hypotheses that while controlling 
for the variance explained by symptoms and age at base-
line, hippocampal shape abnormalities will be associated 
with respective symptoms 12 months later. To supplement 
this approach, symptom differences were also calculated by 
subtracting the baseline rating from the follow-up rating in 
order to examine relationship of hippocampal shape trans-
formation to symptom changes. Positive differences indicate 
worsened symptoms at follow-up. Based on the results of 
this supplemental approach, the UHR group who returned 
for follow-up was divided between groups showing deterio-
rating symptoms, and those who improved or stayed the 
same. Analyses involved 1-tailed independent t tests com-
paring hippocampal shape inversion in UHR individuals 
with deteriorating positive, negative, and ITNS symptoms 
to those with improved or no changes in symptoms.

Results

Demographics

There were no significant differences between groups 
on demographic characteristics, except for recruitment 

method (see table 1). UHR and control participants who 
returned for follow-up did not differ from participants who 
did not return on baseline characteristics. UHR partici-
pants were rated significantly higher than controls on SIPS 
symptom domains positive, negative, and ITNS at base-
line and at follow-up (see table 2 and figure 1). Within the 
UHR group, 7 participants at baseline, and 5 participants 
at follow-up had a first-degree relative with a psychotic dis-
order. Additionally, 7 UHR participants had a diagnosis 
of SPD at baseline, of which 5 participants returned for 
follow-up. Axis I disorders in the UHR group included a 
history of mood (66% of UHR group), and anxiety (42% 
of UHR group). Of the initial baseline sample, a total of 
3 UHR participants (8% of UHR group) met criteria for a 
psychotic disorder at the follow-up assessment.

Hippocampal Volume and Shape

The UHR group showed significantly smaller hippocam-
pal volume in the right and left hemispheres when com-
pared with healthy controls (see table 1). Hippocampal 
shape results using FSL/FIRST vertex analysis revealed 
a significant inversion from the standard structure in the 
left ventral posterior hippocampus (LVPH) for UHR 
group compared with control participants. An F test 
using the scalar projection value of LVPH inversion with 
age as a covariate of no interest revealed that the UHR 
group showed a significant inward shape transformation 
when compared with the control group. Figure  2 illus-
trates the LVPH region (in orange) of shape transforma-
tion. See table 1 for results of volume and shape analysis.

Left Ventral Posterior Hippocampus and Clinical 
Presentation

Because the shape differences were specific to LVPH, sub-
sequent correlational and regression analyses used the 
scalar projection values for this region. Within the UHR 

Table 2.  Symptom Progression for UHR and Healthy Control Participants

UHR Control Statistic P

Baseline
  Positive 11.26 (4.01) .57 (1.40) t(41.99) = 14.8 ≤.001
  Negative 9.34 (6.56) .42 (.83) t(35.99) = 7.91 ≤.001
  Impaired tolerance to normal stress 1.36 (1.22) .10 (.37) t(42.55) = 6.01 ≤.001
Follow-up
  Positive 9.46 (6.47) .17 (.48) t(23.25) = 7.01 ≤.001
  Negative 6.25 (6.33) .63 (1.61) t(25.96) = 4.22 ≤.001
  Impaired tolerance to normal stress 1.29 (1.55) .04 (.20) t(23.80) = 3.93 ≤.001
Range of difference in UHR symptoms
  Positive −10 to 10 — — —
  Negative −16 to 7 — — —
  Impaired tolerance to normal stress −2 to 4 — — —

Note: The SIPS was used to follow positive, negative, and impaired tolerance to normal stress (ITNS) symptoms over 12 mo; Mean (SD) 
for symptom totals within each group are presented; The range of differences between baseline and follow-up symptoms in the UHR 
group is included.
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group alone, greater inward transformation was signifi-
cantly related to more severe positive symptoms at base-
line r(35) = −.34, P ≤ .05. The relationship with baseline 
negative symptoms, r(35) = −.19, P = .13 and with ITNS 
r(35) = −.18, P = .15 was not significant.

Longitudinal Progression of Symptoms

Hierarchical linear regression was used to examine if  the 
LVPH shape transformation at baseline was associated 
with symptoms at follow-up within the UHR group (see 
table 3). Greater inward LVPH transformation accounted 
for 10% of the variance for 12-month positive symptoms 
(β  =  −.33, P ≤ .05), 13% of the variance of 12-month 
negative symptoms (β  =  −.37, P ≤ .05), and 20% of 
the variance for 12-month ITNS (β  =  −.46, P ≤ .05). 
Additionally, there was a significant relationship between 
greater hippocampal shape inversion and worsened posi-
tive symptom difference at follow-up r(21)  =  −.42, P ≤ 

.05. The relationship between greater hippocampal shape 
inversion and elevated negative symptom difference 
at follow-up was not significant r(21)  =  −.23, P  =  .15, 
and there was a trend-linking-increased hippocampal 
shape inversion to worsened ITNS r(21) = −.34, P = .06. 
Additionally, there was significantly greater hippocampal 
shape inversion in the UHR individuals with deteriorat-
ing positive t(22) = 1.94, P ≤ .05 and negative t(22) = 1.73, 
P ≤ .05 symptoms and a trend level difference in UHR 
individuals who showed deteriorating ITNS t(22) = 1.45, 
P  =  .08 at follow-up compared with UHR individuals 
who improved or stayed the same.

To determine if  shape analysis provides a unique per-
spective on the progression of symptoms, the regression 
analyses and correlations between symptom difference 
scores were conducted within the UHR group with the 
left hippocampal volume as the predictor instead of the 
scalar projection value for LVPH. The results did not 
approach significance for left volume measurements 
associated with positive, negative, or ITNS symptoms at 
follow-up (P ≤ .5).

Discussion

The current study used a state-of-the-art vertex analy-
sis approach to supplement a traditional volume based 
approach to examining hippocampal morphology in 
youth at risk for psychosis. We observed smaller hippo-
campi bilaterally in the UHR group when compared with 
matched healthy controls. When examining group differ-
ences in shape, we observed a significant inversion in the 
LVPH. Importantly, it was this difference in shape on the 
left hemisphere that was uniquely tied to symptom pro-
gression during the UHR period. Taken together, results 
suggest that there are significant abnormalities in structure 
and shape during the UHR period, and that subtle differ-
ences in morphology that may have been previously over-
looked by less specific methods, may play an important 
role in the progression of UHR symptoms of psychosis.

Consistent with several related investigations,19,37,42 
the UHR participants in the current study had smaller 
bilateral hippocampus volume measurements compared 

Fig. 1.  The figure shows the progression of positive, negative, and ITNS symptoms separately from the baseline to follow-up time-
points in the UHR participants. A positive slope (red lines) indicates deteriorated symptoms, while a negative slope (blue lines) indicates 
improvement or no change in symptoms from baseline to follow-up assessments.

Fig. 2.  Two different views of the left hippocampus. There 
was a significant shape inversion in the left posterior ventral 
hippocampus (in orange; Family-Wise Error corrected P ≤ .05) in 
the UHR group compared with healthy controls.
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with controls. As noted, smaller hippocampal volumes 
have been found in a number of studies in schizophrenia 
patients, while in UHR groups, there remains some con-
troversy as to when and what type of structural changes 
occur.18–21,23,26,43 One possibility is that the inconsistencies 
are due to varying study design, or sample characteris-
tics. For example, cross-sectional studies examining dif-
ferences between UHR and first episode psychosis (FEP) 
patients have found varied results, with 1 study finding 
that UHR individuals had smaller hippocampal volume 
compared with schizophrenia patients,17 while other pro-
spective studies have noted that grey matter volume in the 
hippocampus was larger or not different in UHR who 
transitioned to psychosis than FEP.18,19 Other cross-sec-
tional studies provide conflicting results when comparing 
UHR to healthy controls, finding either smaller18 or no 
difference between volume measurements.22

However, the noted prospectively designed studies of 
UHR individuals who did and did not transition to psy-
chosis report just as varied results as cross-sectional stud-
ies. Recruitment methods of at-risk participants varies 
across prospective studies, with some studies recruiting 
biological relatives of schizophrenia patients (considered 
to be at high genetic risk for psychosis), with a subsec-
tion of those participants reporting attenuated psycho-
sis symptoms and later developing psychosis.20,25 Other 
prospective studies rely on recruiting individuals meeting 
criteria for an UHR syndrome.21–24,26,44 Factors such as 
the use of neuroleptic medication in subsections of the 
sample may have also influenced results.17,18,26 While there 
have been some larger investigations21,24,26 a majority of 
the applicable investigations have had comparably sized 
samples to the current study. In cross-sectional studies, 
the range of sample sizes included 30–60 UHR individu-
als, while prospective studies ranged from 20 to 135 par-
ticipants. The present prospective study was designed to 
address these confounds in previous studies by recruit-
ing participants meeting UHR criteria, excluding par-
ticipants taking antipsychotic medication, and including 
a moderate sample size (38 UHR baseline, 24 UHR 
follow-up).

Another possibility is that the lack of agreement may 
be due to the variety of methodological differences in 
image acquisition and processing. Manual tracing has 
been a predominant ROI method of investigating the 
hippocampus in prospective studies.21,23,25 In compari-
son, only 2 UHR cross-sectional studies, finding bilateral 
volume reduction in hippocampi, take advantage of seg-
mentation programs.17,37 The findings in some prospective 
manual tracing studies of the hippocampus vary; some 
studies find that volumes did not differ between UHR 
(regardless of later transition) and healthy controls,21,26 
or were larger for those who transitioned.18,19 However, a 
recent prospective study utilizing high resolution images 
and manual tracing found that UHR individuals had 
smaller hippocampal volumes when compared with T
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controls, but volumetric measurements did not differ 
between those who did and did not develop psychosis.23 
Only 1 cross-sectional study has used voxel-based mor-
phometry (VBM) to examine grey matter, showing that at 
less-stringent threshold volume differences in the hippo-
campus were found between UHR and controls, but not 
between UHR and schizophrenia patients.44 While VBM 
methods have allowed localized analysis of grey matter 
changes in the temporal lobe more broadly in UHR sam-
ples related to transition,20,22,24 previous studies may not 
have benefited from high-resolution images, which can 
affect registration, and may hamper smoothing of grey 
and white matter.45 In contrast, the current methods use 
high resolution images registered in standard space and 
do not require smoothing, such that the hippocampal 
formation is subject to a more targeted analysis.40

Shape analysis of the hippocampi has been used effec-
tively to illustrate abnormalities in brain structures includ-
ing the putamen, caudate, and hippocampus related to 
disorders such as dementia, obsessive-compulsive dis-
order, and schizophrenia.5,46–49 The current results indi-
cate that UHR participants show significant alteration 
in the structure of the LVPH. This is consistent with 
other investigations that found bilateral volume reduc-
tion in schizophrenia and UHR participants, and more 
localized changes to the anterior hippocampus,1,3,48–50 or 
greater volume asymmetry between left and right hip-
pocampus in the clinical groups compared with healthy 
controls.5,23,51 Relevant research in schizophrenia patients 
and UHR individuals suggests that several factors may be 
attributed to greater inversion in hippocampal shape and 
size including altered neuron organization, synaptic prun-
ing during the prodromal period, perfusion, and cerebral 
blood volume.2,25,52–55 Future work utilizing shape analysis 
across multiple time points will be integral for determin-
ing whether the anterior portion of the hippocampus is 
affected later in the progression of illness and if  shape 
inversion remains a stable biomarker of psychosis.

A diathesis-stress model of psychosis suggests that 
early vulnerability due to genetic and prenatal factors 
present from birth interacts with environmental stressors, 
as well as normative and abnormal neural maturational 
factors during adolescence.12 This interaction takes place 
during a UHR period that is characterized by decreased 
social and role function and emergence of attenuated 
psychotic symptoms.11 With regards to the present find-
ings, it is noteworthy that the hippocampus is related to 
greater severity of symptoms at the baseline and follow-
up assessment. This finding supports the diathesis-stress 
model and is particularly important given the substan-
tial pathogenic role the hippocampus plays in the etiol-
ogy of psychosis including a sensitivity to early prenatal 
insult,21,42 and a role in glutamatergic and dopaminergic 
processes thought to underlie psychotic symptoms.56,57 
The finding of hippocampal shape abnormality related 
to ITNS at follow-up is also significant because of the 

related hippocampal-mediated endocrine changes that 
occur during adolescence,11 which has a critical role in 
modulating the hypothalamic-pituitary-adrenal axis 
response to stress.4 The finding of LVPH abnormality is 
also interesting as this specific subregion is responsible 
for cognitive functions such as memory retrieval and 
spatial learning; domains also affected in psychosis.29 
Future work including a targeted cognitive battery will 
be important for determining the effects that emerging 
shape abnormalities play during the UHR period.

The current study benefits from a number of strengths, 
most notably the use of a prospective design, neuroleptic-
free sample, and an innovative regional shape analysis. As 
noted, while the current study is comparable in size to past 
work on hippocampal morphology in UHR samples,17,37 
larger samples will be important for detecting subtle but 
clinically relevant group differences in structural morphol-
ogy during this important period. The findings of this 
study suggest that hippocampal shape abnormalities are 
tied to worsening progression of UHR symptoms, yet it 
is currently not possible to definitely determine whether 
this shape abnormality can predict formal conversion to 
psychosis. Importantly, the current study is ongoing, and 
with more participants returning for their follow-up inter-
views, future work with a greater number of participants 
will focus on this important outcome variable. In a related 
point, the results suggests that there is greater hippocam-
pal shape inversion in UHR individuals whose symptoms 
deteriorate compared with those who improve or stay the 
same; however, these results should be considered prelimi-
nary until larger follow-up samples can be examined. We 
assessed participants at 12  months, but current research 
suggests that while a proportion of UHR individuals show 
elevated symptoms in 12 months,58 a 2- to 3-year window 
is optimal for detecting disease progression in the UHR 
period; therefore, these results should be viewed as prelimi-
nary until future work is able to assess shape abnormalities 
over several time points. The current study included par-
ticipants with and without a positive family history of psy-
chosis as well as SPD traits; larger studies will be crucial for 
exploring differences related to these risk factors. Finally, 
it is important to consider that the UHR period is a time 
of rapid neural reorganization, and imaging data from sev-
eral time points are necessary to determine how normative 
and pathological development in hippocampal volume and 
shape ultimately play a role in the progression of illness.
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Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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