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Numerous studies have implicated involvement of the hip-
pocampus in the etiology and expression of schizophrenia-
spectrum psychopathology, and reduced hippocampal volume
is one of the most robust brain abnormalities reported in
schizophrenia. Recent studies indicate that early stages of
schizophrenia are specifically characterized by reductions
in anterior hippocampal volume; however, studies have not
examined hippocampal volume reductions in subclinical
schizotypy. The present study was the first to examine the
associations of positive, negative, and disorganized schiz-
otypy dimensions with hippocampal subfield volumes in a
large sample (n = 195) of nonclinically ascertained young
adults, phenotyped using the Multidimensional Schizotypy
Scale (MSS). Hippocampal subfields were analyzed from
high-resolution 3 Tesla structural magnetic resonance im-
aging scans testing anatomical models, including anterior
vs posterior regions and the cornu ammonis (CA), dentate
gyrus (DG), and subiculum subfields separately for the left
and right hemispheres. We demonstrate differential spa-
tial effects across anterior vs posterior hippocampus seg-
ments across different dimensions of the schizotypy risk
phenotype. The interaction of negative and disorganized
schizotypy robustly predicted left hemisphere volumetric
reductions for the anterior and total hippocampus, and an-
terior CA and DG, and the largest reductions were seen in
participants high in negative and disorganized schizotypy.
These findings extend previous early psychosis studies and
together with behavioral studies of hippocampal-related
memory impairments provide the basis for a dimensional
neurobiological hippocampal model of schizophrenia risk.
Subtle hippocampal subfield volume reductions may be
prevalent prior to the onset of detectable prodromal clinical
symptoms of psychosis and play a role in the etiology and
development of such conditions.
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Introduction

Current models of schizophrenia conceptualize it as the
most extreme manifestation of a dynamic continuum of
clinical and subclinical symptoms and impairment re-
ferred to as schizotypy.'? Schizotypy, like schizophrenia,
is heterogeneous in terms of etiology, course, and pres-
entation. This heterogeneity can be captured within a
multidimensional structure, including positive, negative,
and disorganized schizotypy dimensions, similar to those
observed in schizophrenia.® Positive schizotypy is char-
acterized by unusual beliefs (including delusions), aber-
rant perceptual experiences (including hallucinations),
and paranoia. Negative schizotypy involves diminished
functioning, including anhedonia, affective flattening,
avolition, and alogia. Disorganized schizotypy is charac-
terized by disruptions in cognition, communication, and
behavior, including formal thought disorder and grossly
disorganized behavior.

Schizotypy offers a useful and unifying framework
for understanding the etiology, development, and ex-
pression of schizophrenia-spectrum psychopathology.
Furthermore, schizotypy allows us to examine the
etiological and developmental pathways underlying
schizophrenia-spectrum psychopathology while minim-
izing the confounding and consequential effects of these
disorders. This is important when considering structural
and functional neurobiological measures as it is often dif-
ficult to disentangle whether neurological anomalies in pa-
tients represent relevant etiological processes or sequelae
of the disorders. Furthermore, the multidimensional
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structure of schizotypy offers a promising approach for
addressing the heterogeneity of schizophrenia-spectrum
psychopathology.

Schizophrenia, Schizotypy, and the Hippocampus

Reduced hippocampal volume is one of the most ro-
bust brain abnormalities in schizophrenia.**> Patients
with chronic schizophrenia average an 8% reduction in
hippocampal volume compared with healthy adults.®
Recent findings indicate that overall hippocampal vol-
umes might correlate with schizotypal personality traits.”
However, only recently have imaging studies considered
functional partitions within the hippocampus.®The hip-
pocampus can be subdivided along the anterior-posterior
longitudinal axis into the head (anterior), and the body
and tail (posterior) segments.”!® This parallels recent
findings of a molecular gene expression gradient along
this axis with changing connectivity patterns.!" Previous
studies indicate robust volume reductions across the
length of the hippocampus in chronic schizophrenia,
including reductions in anterior (eg, '>'%) and posterior
sections (eg, '*'7). However, several studies suggest that
reductions in patients with early schizophrenia are lim-
ited to anterior regions.'>'$1

The transverse axis of the hippocampus can also be
subdivided into 3 subfields: dentate gyrus (DG), the
cornu ammonis (CA) sectors 1 to 4, and the subiculum.
Structural and functional disruptions in these subregions
likely play a central role in the development and expres-
sion of schizophrenia-spectrum psychopathology. These
include hyperactivity in CA1 region,” GABAergic dys-
function in CA2/CA3,?! disruption in the DG,?* and hy-
peractivity in the subiculum.?

A recent study by McHugo et al” was the first to ex-
amine whether there are volumetric reductions along the
longitudinal and transverse hippocampal axes in large
samples of patients with chronic or early schizophrenia
and matched control participants. They reported that,
as hypothesized, early psychosis patients only exhibited
volumetric reductions in the anterior hippocampus rel-
ative to control participants, whereas chronic psychosis
exhibited both anterior and posterior reductions com-
pared with controls. In terms of subfields, patients with
chronic psychosis exhibited volume reductions in the CA
head and body, but not the subiculum or DG. However,
early psychosis patients only showed reductions in
the CA subfield of the hippocampal head. Thus, these
findings are consistent with the model that volumetric
changes in the anterior hippocampus occur in the early
stages of psychosis and raise questions of whether such
deficits predate the development of initial psychotic epi-
sodes. The findings also suggest that posterior volumetric
reductions may represent progressive degenerative conse-
quences of psychotic illnesses. This is consistent with re-
cent studies showing progressive volume loss during the
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course of schizophrenia across hippocampal subfields,*
ultra-high-risk subjects with persisting symptoms,*¢ and
genetic high-risk subjects.?’

Multidimensional schizotypy offers a promising ap-
proach for examining hippocampal volume reductions,
whereas McHugo et al" provide a useful framework for
considering hippocampal subfield volumes across ante-
rior and posterior regions. However, to our knowledge,
no previous studies examined associations of schizotypy
dimensions with volumes of hippocampal subfields or
subregions in non-patients. If reductions in hippocampal
volume simply represent disease markers or neurode-
generative sequelae of the disorder, we would not ex-
pect reductions in subclinical schizotypy. However, if
hippocampal reductions are part of the etiology of such
disorders, they may provide useful risk markers, and we
would expect such reductions in young adults with ele-
vated schizotypy. Nevertheless, it is expected that effect
sizes will be relatively small in non-patients compared
with patients, as many schizotypes will never transition
into schizophrenia-spectrum disorders, and patients may
also experience neurodegenerative hippocampal reduc-
tions in addition to neurodevelopmental volume loss.

The schizophrenia literature does not provide spe-
cific guidance about the extent to which schizotypy di-
mensions are differentially associated with hippocampal
subfield or subregion reductions. This is not due to lack of
studies examining associations of symptom dimensions
with hippocampal volume in patients, but rather reflects
the heterogeneity/inconsistency of findings. For example,
some studies reported that positive symptoms are associ-
ated with a reduction in certain subfields or subregions
(eg, 27, others found associations with negative symp-
toms (eg, *'*?), and few others did not find any such as-
sociations (eg, ). This heterogeneity in part reflects that
examination of symptom dimensions in patients often oc-
curs in a post hoc, exploratory manner, rather than with
a priori designs to recruit patients with specific symptom
characteristics. Thus, patient studies are often limited in
terms of the extent to which symptom dimensions are
represented and are also often limited in power to detect
such associations (but see, ¥ for an exception). Finally,
positive symptoms may be overrepresented in patient
studies compared with other dimensions, given the cen-
tral role they have in schizophrenia-spectrum diagnoses.

The hippocampus is uniquely involved in relational
memory,** and recent behavioral studies demonstrated
that negative, and to a lesser extent disorganized, schiz-
otypy are associated with relational memory impair-
ments.** Therefore, we tentatively expect that negative
and disorganized schizotypy, and their interaction, will
be associated with hippocampal volume reductions in
non-patients. Following McHugo et al,’ we expect that
these effects will be especially notable in the anterior hip-
pocampus, and especially in the anterior CA regions. We
also expect these schizotypy dimensions will be associated



with reductions in anterior DG, given prominent involve-
ment of the DG in pattern separation*' * and findings of
pattern separation deficits in schizophrenia** and nega-
tive and disorganized schizotypy.®

The goal of the present study, the first of its kind, is to
examine the extent to which positive, negative, and dis-
organized schizotypy are associated with hippocampal
subfield volume reductions (and in particular anterior
vs posterior subregions) in a large non-patient sample of
young adults. Following McHugo et al,"” we focused our
analyses on examining the association of the 3 schizo-
typy dimensions with (a) total hippocampal volume, (b)
anterior vs posterior hippocampal volume, and (¢) an-
terior and posterior CA, DG, and subiculum volume.
We performed these analyses separately by hemisphere
given that many studies found reductions only in the left
hippocampus (eg, **°?), whereas others found bilateral
hippocampal reductions (for a review, see *°). Specifically,
we hypothesized that negative and disorganized schiz-
otypy should be broadly associated with anterior
hippocampal volume reductions, and specifically reduc-
tions in the volume of the anterior CA and DG.

Methods

Sample

We initially assessed 232 psychiatrically and neurologi-
cally healthy participants recruited using circular e-mails at
Philipps-University Marburg and local advertisements in
Marburg, Germany. Thirty-seven participants were omitted
for quality assurance reasons (see below), resulting in 195
participants with usable data, including 132 women and 63
men; M, = 23.7 years, SD = 3.9. Note that dropped and
retained participants did not differ on demographic char-
acteristics or on schizotypy subscale scores. Participants
provided informed consent and the study protocol was ap-
proved by the Ethics Committee of the School of Medicine,
Philipps-University Marburg, following the latest version of
the Declaration of Helsinki.* We included native German
speakers with Central European origin and ages 1840 years.

We screened subjects using a standardized protocol
with the Structured Clinical Interview for DSM-1V Axis [
Disorders screening questionnaire,” German version,> to
exclude participants with current or past psychiatric dis-
orders, psychotherapeutic treatment, and substance use
disorders. Participants were free from traumatic brain in-
jury or neurological disorders, psychotropic medication,
common magnetic resonance imaging (MRI) contra-
indications, and physical disorders that could interfere
with scanning procedures. We excluded subjects with
BMI <18 or >35 or intelligence quotient <80, estimated
with the German Mehrfach-Wortschatz-Intelligenztest
B test.’”*¥The IQ criterion was chosen to exclude both
subjects with learning disabilities (normally <70) and
subjects in the 70-80 range, where the accuracy of the test
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used might lead to false-negative findings (however, none
of the recruited subjects scored 80 or below). Subjects re-
ceived financial compensation following participation.

MRI Data Acquisition

MRI data were obtained with a 3T MRI scanner (Tim
Trio, Siemens) with Syngo MR BI17 software, using
a 12-channel head matrix RX-coil. We used a 3D
MP-RAGE sequence consisting of 176 sagittal slices
with an in-plane field-of-view of 256 X 256 mm and a
matrix of 256 X 252 resulting in isotropic voxels of 1 X
1 X 1 mm. Further acquisition parameters were as fol-
lows: relaxation time = 1900 ms; time to echo = 2.26 ms;
inversion time = 900 ms; flip angle 9°; parallel imaging
factor 2 (GRAPPA), sequence bandwidth 200 Hz/Px; ac-
quisition duration = 4:26 minutes. Before preprocessing,
scans were manually inspected for the absence of artifacts
and anatomical abnormalities, resulting in the exclusion
of data from one participant.

Imaging Data Processing

T1-weighted images were processed using Freesurfer soft-
ware version 6.0 (https://surfer.nmr.mgh.harvard.edu/). For
preprocessing, the main reconstruction pipeline (“recon-
all”) was used for volumetric segmentation. This proc-
essing includes motion correction, removal of non-brain
tissue, automated Talairach transformation, tessellation
of the gray matter/white matter boundary, and automated
topology correction.”® Hippocampal structures were fur-
ther parcellated using the Hippocampal Subfields protocol,
automatically segmenting the hippocampal formation into
subfields (“head” and “body” of presubiculum, subiculum,
CA regions [CAl, CA3, CA4], molecular layer, and
GCMLD [granule cell and molecular layers of the DG],
as well as HATA [hippocampal amygdala transition area],
fimbria, parasubiculum, and hippocampal fissure) for each
hemisphere and calculating their volumes, using a probabi-
listic brain atlas.! The validity and reliability of this proce-
dure have been demonstrated in previous studies.®

We used a combined quality assurance protocol for
MRI images. First, all images were visually inspected
to exclude those with visible artifacts (eg, gross subject
motion and ghosting). Second, we processed and com-
pared for each individual the original (“raw”) T1 image
as well as the scan using the “prescan normalize” func-
tion, a function included in the scanner’s software, which
is intended to provide additional image homogeneity
correction. Based on our previous work on segmentation
reliability, we excluded those scans where subfield seg-
mentation results between those 2 variations of the pro-
tocol differed by more than 3% in regional volumes, as
a conservative means of quality assurance (resulting in
final inclusion of 195 scans).
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Hippocampal Subfield Segmentation

Following the previous segmentation approaches,” we
computed composite measures from the 12 subregions
of hippocampal formation segmented by Freesurfer
(figure 1). Anterior region (head) was defined as the
sum of the volumes for the following subfields within
the hippocampal head: CAl, CA3, CA4, molecular
layer, GC/DG, subiculum, and presubiculum. The pos-
terior region (body + tail) included the sum of these
same subfields within the hippocampal body plus the
tail (figure 2, middle). Within the head and body of the
hippocampus of each hemisphere, we also defined com-
posite regions for the CA, DG, and subiculum (figure 2,
bottom). The CA composite region consisted of the sum
of the volumes for CA1l, CA3, subiculum, and the mo-
lecular layer. The DG region consisted of the sum of the
CA4 and GC/DG subfields. The subiculum was defined
as Freesurfer’s presubiculum subfield.

>

head body tail anterior

posterior

Phenotyping for Schizotypy

The Multidimensional Schizoytpy Scale (MSS;®*) was
completed as part of a larger online survey (Www.
soscisurvey.de) within the week of MRI scanning. Each
participant received a unique individualized access ID to
complete the questionnaire; completeness of responses
was controlled automatically. The MSS includes subscales
assessing positive (26 items), negative (26 items), and dis-
organized schizotypy (25 items). The MSS includes true-
false items such as: “I have sometimes felt that strangers
were reading my mind” (positive schizotypy), “Having
close friends is not as important as people say” (negative
schizotypy), and “Most of the time I find it is very dif-
ficult to get my thoughts in order” (disorganized schiz-
otypy). The MSS has good psychometric properties®*
and construct validity.*¢-7

To examine the volumetric differences along the lon-
gitudinal axis of the hippocampus, we computed linear
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Fig. 1. Description of hippocampal subfields derived from original FreeSurfer 6.0 segmentation. Top row shows 3D model of the
different segmented hippocampal subfields with top and lateral views on the segmented hippocampus (color legend of individual subfield
segments on right); middle row shows transverse, sagittal, and coronal sections of the hippocampus with subfields superimposed on
T1-weighted MRI scan; the bottom row shows the relation of these original FreeSurfer 6.0 hippocampal subfields to functional models
separating the hippocampus into either (from left to right) head, body, and tail components, or an anterior vs posterior part, or finally a
model grouping cornu ammonis (CA), dentate gyrus (DG), and subiculum subfields within the head-body separation.
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Fig. 2. Grouping of hippocampal subfields into functional subregion models. Each row shows (from left to right) a 3D model (superior-
lateral views), T1-superimposed sagittal section, and color symbol legend of re-grouping original FreeSurfer 6.0 hippocampal subfield
outputs into newly computed hippocampal subregions based on functional models, and in particular the previous study of McHugo

et al.” Note that in the sagittal sections (middle images) in each row, the original FreeSurfer 6.0 hippocampal subfields are indicated by
lines to illustrate the grouping of FreeSurfer outputs into new subregions. The top row shows the division of the hippocampus into 3
parts (head, body, and tail), a commonly used functional anatomical model (also implemented in FreeSurfer). The second row shows

the re-grouping into anterior (=head) and posterior (=body + tail) subfields into an anterior-posterior model of the hippocampus; note
that the color symbol boxes on the right indicate which initial FreeSurfer 6.0 subfields have been combined (colors of these FreeSurfer
subfields correspond to colors used in figure 1). The bottom row shows the regrouping of subfields into a CA-DG-subiculum model; note
that this model does not include the hippocampal tail segment (which is therefore only included in outline).

regression analyses on overall hippocampal volume in
each hemisphere, followed by examination of anterior
and posterior volume regions. Afterward, we assessed
subfield volumes along the transverse axis in CA, DG,
and subiculum in the head and the body of the hippo-
campus of each hemisphere. In each hierarchical regres-
sion analyses, we entered age, sex (women = 0, men = 1),
and intracranial volume at step 1, followed by the MSS
positive, negative, and disorganized schizotypy subscales
at step 2, and the 2-way and 3-way schizotypy interactions
at step 3. Simple slopes analyses were computed to disen-
tangle statistically significant interactions by examining
the effect of one predictor at low (—1 SD), medium (0 SD
or mean), and high (+1 SD) levels of the other predictors.

Results

Descriptive statistics for the MSS subscales are shown
in table 1. Note that correlations among the subscales
were minimal, consistent with the literature, suggesting
that multicollinearity was not a problem in the regression
analyses.

We initially examined the association of the schiz-
otypy dimensions and their interactions with the left
hemisphere total hippocampus, subregions, and subfield
volumes (table 2). Contrary to expectations, none of
the main effects of positive, negative, or disorganized
schizotypy with left hemisphere subregions or subfields
were significant. However, several significant 2-way
interactions of the schizotypy dimensions emerged.
Specifically, as hypothesized, a significant negative X
disorganized schizotypy interaction was observed in the
prediction of whole left hippocampal volume. Simple
slopes analysis indicated that negative schizotypy was as-
sociated with reduced left hippocampal volume at high
levels of disorganized schizotypy (+1 SD), but not at the
mean or at low levels (—1 SD) of disorganized schizotypy
(figure 3, upper left).

We next examined associations of the schizotypy di-
mensions with the left anterior and posterior hippo-
campus. There were significant negative X disorganized
schizotypy and positive X disorganized schizotypy inter-
actions in the anterior subregion. Simple slopes analyses
indicated that negative schizotypy was associated with
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Table 1. Descriptive Statistics for MSS Subscales, Reliability Coefficients, and Correlations Among the Subscales

Mean SD Range Cronbach’s a

MSS-Positive schizotypy 0.72 1.64 0-10 .78
MSS-Negative schizotypy 2.65 2.77 0-18 78
MSS-Disorganized schizotypy 1.11 2.11 0-13 .80
Correlations

Positive and Negative schizotypy .02

Positive and Disorganized schizotypy =.28

Negative and Disorganized schizotypy 13

Note: MSS, Multidimensional Schizotypy Scale.

reduced volume in the anterior hippocampus at high
levels of disorganized schizotypy, but not at the mean or
at low levels of disorganized schizotypy (figure 3, lower
left). Simple slopes analyses indicated that there was a
trend for positive schizotypy to be associated with re-
duced volume in the left anterior subregion at high
levels of disorganized schizotypy (P = .057) but not at
the mean or at low levels of disorganized schizotypy
(figure 3, lower left). As hypothesized, neither the schiz-
otypy main effects nor their interactions predicted left
posterior hippocampal volume.

We next examined the prediction of left anterior CA,
DG, and subiculum subfields. Both the negative X dis-
organized schizotypy and the positive X disorganized
schizotypy interactions significantly predicted left ante-
rior CA volume. Simple slopes revealed that, consistent
with our predictions, negative schizotypy was associ-
ated with reduced volume in left anterior CA at high
levels of disorganized schizotypy but not at the mean
or at low levels of disorganized schizotypy (figure 3, top
right). Simple slopes indicated that there was a trend
for positive schizotypy to be associated with reduced
volume in left anterior CA at high levels of disorgan-
ized schizotypy (P = .087) but not at the mean or at low
levels (figure 3, top right). Similarly, there were signif-
icant negative X disorganized schizotypy and the pos-
itive X disorganized schizotypy interactions predicting
left anterior DG volume. Simple slopes revealed that,
consistent with our predictions, negative schizotypy was
associated with reduced volume in anterior DG at high
levels of disorganized schizotypy but not at the mean
or at low levels of disorganized schizotypy (figure 3,
lower right). Likewise, positive schizotypy was associ-
ated with reduced volume in left anterior DG volume
at high levels of disorganized schizotypy but not at the
mean or at low levels (figure 3, lower right). The schizo-
typy dimensions were not associated with the left hemi-
sphere anterior subiculum volume. As expected, we did
not find any significant associations of the schizotypy
dimensions or their interactions with posterior CA, DG,
or subiculum volume.

With only the exception of the posterior subiculum, we
did not find any effects in the right hemisphere and report
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all the findings from the right hemisphere in the supple-
mentary materials.

Discussion

The present study adds 3 major aspects to the under-
standing of the hippocampus in the schizophrenia spec-
trum. First, it shows that the variation in hippocampal
subfield volumes is influenced by psychosis proneness
(schizotypy) in nonclinical subjects, ie, even in the absence
of manifest disease or a high-risk status. Second, it lays
out the regional selectivity on these effects in different
hippocampal subfields, across the anterior-posterior axis
of the hippocampus, which coincides with recent models
of differential functional and structural connectivity of
hippocampus segments,®%% and gradients of gene expres-
sion reflecting connectivity patterns.!! Third, it demon-
strates considerable divergence of phenotypic dimensions
within schizotypy (negative, positive, and disorganized)
in their effect on hippocampal subfields, thus providing
an approach to integrate basic behavioral and cognitive
models of hippocampal function with alterations seen in
clinical schizophrenia.?? This provides empirical evidence
for a continuum model of schizophrenia/psychosis and
hippocampal (dys)function.

The present study extended the literature on
hippocampal volume reductions in schizophrenia by
examining differential associations of positive, negative,
and disorganized schizotypy with regional hippocampal
volume in nonclinically ascertained young adults.
Numerous studies indicate that hippocampal volume
is reduced in patients with schizophrenia,” including
ENIGMA analyses.* [Studies on hippocampal subfields
have also provided evidence for volume reductions; how-
ever, these appeared rather nonselective in (predomi-
nantly) chronic patient samples.”""”> High-risk subjects
show intermediate volume reductions in subfields,” and
possibly progressive reductions in (anterior) CAl seg-
ments,” overlapping with findings in first-episode psy-
chosis/early vs chronic schizophrenia.'®? Our findings
specifically support an anterior-to-posterior gradient
effect, previously reported in a case-control study,' sug-
gesting that this pattern is already present in nonclinical
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Table 2. Prediction of Left (L) Hemisphere Hippocampal Volume by Positive (P), Negative (N), and Disorganized (D) Schizotypy

Step 3

Step 2

Step 1

Positive NxD PxD PxN NxDxP

Negative Disorganized

ICcv

Sex

Age

~29 (.044) —31(.114) —12(511) ~39(.129)

—.02(.713) ~.05(.394) —.01(.833)

62 (<.001)

09 (.173)

06 (.315)

(L) Whole

HC

(L) anterior

~.03(611) —.01(.884) —.02 (.698) ~.35(.020) —41 (.044) —20(.288) — .49 (.066)

54 (<.001)

16 (.017)

01 (.851)

HC

(L) posterior

—19(221) —21(.329) —.06 (.770) 29 (.301)

01 (.897)

~.02 (.826) 56 (<.001) 01 (.877) —.08 (.145)

09 (.161)

HC
(L) CA

—.33(.026) —.40 (.050) —22(.239) —.49 (.068)

~.03(.617) —.02 (.780) —.02 (.764)

54 (<.001)

.16 (.019)

.01 (.808)

anterior

(L) DG

—37(.021) —47 (032) —18(.381) ~.53(.062)

—.04 (.583) 04(.512) —.06 (.389)

46 (<.001)

.16 (.028)

—.03(.617)

anterior
(L) SUB

—.01 (.888) —.05 (.464) 01(.821) —24(.129) —17 (455) —.02 (.929) 17(.558)

49 (<.001)

11 (.130)

07 (.287)

anterior

(L) CA

01 (.967) 51(<.001) —.05 (.439) ~.10 (.139) —.01(.836) —14(.391) —.07 (.745) - .06 (.763) 10(.719)

.09 (.189)

posterior

(L) DG

—.08 (.235) 01 (.984) —.05(414) ~.09 (.578) 11 (.620) 105 (.796) 11(.688)

59 (<.001)

~.08 (.278)

08 (.202)

posterior
(L) SUB

—.01 (.970) —.02 (.946) 33(.113) —.19(.531)

~.02 (.796) 04(.543) 01(.972)

52 (<.001)

~.03(.694)

01 (.904)

posterior

Note: ICV, intracranial volume. Beta values with P-values in parentheses; boldface indicates significant effects at « < .05 or less.
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subjects with varying degrees of psychosis proneness/
schizotypy and thus different genetic/environmental risk
profiles. Importantly, this spatial pattern of variation is
related to dimensional aspects of the phenotype (ie, pos-
itive vs negative vs disorganized schizotypy, rather than
overall schizotypy, and does not reflect disease [onset] or
treatment effects).

Genetic effects on the schizotypy phenotype are likely
contributors to this pattern. Following previous twin
studies showing heritability of subfield volumes,’* more
recent studies have demonstrated not only consider-
able genetic impact on hippocampal subfields but also
some of the common genetic variants identified map
on to neuronal differentiation as well as schizophrenia
risk.” More importantly, gene expression profiling and
connectivity analyses confirm an anterior-posterior gra-
dient within these subfields.!' Based on our new findings,
refined phenotyping considering symptom dimensions
(rather than case-control status) in larger samples could
provide an additional advance in future studies.

The heterogeneity of both the etiology and clinical
course of schizophrenia (eg, °) has had a confounding
impact on our understanding of schizophrenia-spectrum
psychopathology. Current models of schizophrenia (eg,
M) and schizotypy' indicate that this heterogeneity can
be captured using a multidimensional structure that in-
cludes positive, negative, and disorganized symptom di-
mensions. However, studies of schizophrenia often do not
examine associations of symptom dimensions with out-
come measures, and when they do, they often assess them
as a secondary aspect of studies, which may not have ade-
quate representation of the symptom dimensions in their
sample, and/or have insufficient power to capture those
effects. Furthermore, studies that do consider symptom
dimensions often do so in a limited fashion because they
do not recruit patients with comparable levels of these
symptom dimensions and often have an overabundance
of positive symptoms, given these symptoms prominent
role in psychotic disorders. A powerful but largely un-
tapped potential of schizotypy is aiding the identification
of neurobiological bases of schizophrenia-spectrum psy-
chopathology by extending the phenotype beyond diag-
nosed disorders.

Although functional differences between the anterior
and posterior hippocampus have been well established, the
specific implications for schizophrenia pathophysiology,
especially cognitive deficits, are not well understood.*®’87
Some studies suggested that the anterior hippocampus is
related to coarse gist-like memory, whereas the posterior
hippocampus is more involved in detailed memories.®% %
For example, initially “locating” a memory implicates en-
gagement of anterior hippocampus, whereas later elabo-
ration of its details implicates posterior hippocampus.$*
Behavioral studies from our lab revealed deficits in nega-
tive schizotypy in initially locating memories through con-
text reinstatement,**$78 consistent with the involvement of

213



L. Sahakyan et al

whole HC (left hemisphere)
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CA Head (left hemisphere)

Estimated Mean Volume (mm?)

Positive Schizotypy (centered scores)

Dentate Gyrus Head (left hemisphere)
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Estimated Mean Volume (mm?)

Fig. 3. Prediction models of refined extended psychosis phenotype (based on negative, positive, and disorganized schizotypy, as assessed
with the Multidimensional Schizotypy Scale, MSS) in different subsections of the hippocampus. Left to each of the 4 models, a 3D
reconstruction indicating the hippocampal region to which the plots refer.

anterior hippocampus in mental reinstatement of context.
Other work shows that the anterior hippocampus is spe-
cialized for memory encoding,**° and consistent with these
findings, we reported encoding deficits in negative schizo-
typy.”! Anterior hippocampus is also involved in relational
memory,” and our behavioral studies revealed that neg-
ative schizotypy involves deficits in relational memory.*
Thus, memory deficits in negative schizotypy in behavioral
studies are consistent with observed reductions in anterior
hippocampal volume in the current study. Finally, DG is
prominently involved in pattern separation,*#4¢% and an
influential model links schizophrenia to disruption in the
DG?. Our recent behavioral work revealed deficits in pat-
tern separation in negative and disorganized schizotypy.*’
Thus, current findings of reduced volume in DG are con-
sistent with our behavioral findings in negative and disor-
ganized schizotypy, and also models linking schizophrenia
to DG disruptions. Other groups have used habituation
paradigms to identify cognitive deficits associated with
anterior hippocampal function®* and blood flow” in early
psychosis, but so far this approach has not been extended
to risk phenotypes in nonclinical samples, while other re-
cent pilot studies on hippocampal blood flow and schizo-
typy®® have not considered the anterior-posterior gradient
or subfield distinction, which is of high relevance.
Hippocampal volume reduction in schizophrenia is ob-
served early in the disease process.’*¥>%7 It is found in un-
affected first-degree relatives of patients’®* and in at-risk
populations,'®!°! suggestive of genetic risk factors.!0!:102
Twin studies also reveal smaller hippocampal volumes
in discordant co-twins of schizophrenia patients.!”
Decreased hippocampal volume is not found in all pa-
tients with schizophrenia and other disorders involve
reduced hippocampal volume. However, recent studies
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have increasingly supported the model that decreased
hippocampal volume reveals something unique about
the pathology of schizophrenia, rather than simply rep-
resenting sequelae of the disorder. Nevertheless, there is
considerable heterogeneity in hippocampal findings, with
many studies finding reductions bilaterally, some finding
hippocampal volume reduction only in the left hemi-
sphere,'®1% and yet others not finding any evidence of
hippocampal reduction at all.'”” In addition, some studies
find reductions in the anterior hippocampus (eg, > 147%),
and others find a reduction in posterior regions (eg, '>'7).

The present findings should be interpreted in light of
some limitations. First, levels of schizotypy in the sample
were relatively low, especially positive schizotypy, as we
did not oversample high schizotypy scorers. Nevertheless,
consistent with Mathew et al,” we did find several signifi-
cant interactions involving positive schizotypy. The present
study employed a university and a community-recruited
sample. Concerns are raised about using university samples
for studying subclinical expressions of psychopathology
and risk for disorders. However, university students are an
ideal age for assessing schizotypy as they are just entering
the window of greatest risk for developing schizophrenia-
spectrum disorders. Furthermore, university students
readily experience schizophrenia-spectrum psychopa-
thology (as well as other forms of psychopathology),**!%
and schizotypy scales identify students at heightened risk
for developing schizophrenia-spectrum disorders.!”

In summary, the present study builds on previous
support for the pathophysiological model, in which
the hippocampus plays an important role in the de-
velopment and expression of schizophrenia-spectrum
psychopathology. It supports a dimensional model of
disease expanding to include subclinical risk traits.



Furthermore, it highlights the importance of consid-
ering multidimensional risk phenotypes. Future studies
might build on the present findings by oversampling
high schizotypy scorers and provide a comparison
with high-risk and prodromal subjects. Longitudinal
reassessments would allow us to examine the extent
to which multidimensional schizotypy, hippocampal
volume and functioning, and cognitive performance
predict the development of schizophrenia-spectrum
disorders.
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