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Abstract

Background: The hippocampal formation has been studied extelysin schizophrenic
psychoses and alterations in hippocampal anatonwe hmeen consistently reported.
Chronic schizophrenia seems to be associated \ildketal hippocampal volume (HV)
reduction, while in patients with an at-risk mensédte (ARMS) there are contradictory
results. This is the first region of interest (Rpsed follow-up MRI study of
hippocampal volume comparing ARMS individuals widnd without transition to
psychosis. The aim was to investigate the timindgHuf changes in ARMS in the early
phase of psychosis.

Methods: Magnetic resonance imaging data from 18 antipycimaive individuals with
an ARMS were collected within tHeePsy-clinic for early detection of psychoses. During
follow-up 8 subjects developed psychosis (ARMS-Td al0 did not (ARMS-NT).
Subjects were re-scanned after the onset of psigchoat the end of the follow-up if they
did not develop psychosis.

Results: Across both groups there was a significant deer@asiV over time (p < 0.05).
There was no significant difference in progressimiween ARMS-T and ARMS-NT.
Antipsychotic medication at follow up was assoaiasgth increased HV (p < 0.05).
Conclusions. We found a decrease of HV over time in subjectshwvan ARMS,
independently of clinical outcome. Our findings gasgt that hippocampal volume
alterations accumulate during the transition tocphegis, reflecting brain degeneration, and
potentially allow for the accurate early recogmitiof individuals at risk of developing

psychosis.
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Background

Over the past decade, research on the prodromakepblapsychosis has exponentially
progressed, allowing for preventive therapeutiemntions in clinical psychiatry (Fusar-
Poli et al., 2012b). Because it is difficult to predict whishbjects with an at-risk mental
state (ARMS) will later develop psychosis on thsib@f their presenting clinical features,
there is a need for cognitive (Fusar-Pelial., 2012c) and neurobiological markers to
identify the individuals at highest risk of develog florid psychosis and those who might
benefit most from preventive interventions (Fusali-let al., 2012c). ARMS have about
18%-36% risk of developing psychosis after 6 month8 years (Fusar-Poli and Yung,
2012). In recent years, a range of neuroimagingnigoes showed alterations in brain
structure (Mechellet al., 2011), function (Fusar-Poét al., 2007a), and neurochemistry
(Howeset al., 2007) in the prodromal phase of psychosis (Bordiet al., 2011). These
neuroimaging studies have shown that alterationisramn anatomy and neurophysiology
found in established psychosis are also presgmtaple with an ARMS (Smieskowhal .,
2010). Overall, ARMS subjects show qualitativelsngar, but less pronounced, structural
brain abnormalities than patients with establistssthizophrenia. Studies comparing
ARMS subjects showed reduced gray matter (GM) &frpntal, temporal and cingulate
regions, insula, and cerebellum in those subjetis develop psychosis (Fusar-Peilial .,
2011a). Interestingly, similar areas were alsomdgdound to be related to the duration of
the ARMS (Smieskovaet al., 2011l)and to schizotypal personality, a subclinica
schizophrenia spectrum trait (Ettinggial., 2011).

The hippocampal formation has been studied extelysia schizophrenic psychoses, and
structural and functional changes in hippocampalmédion have been reported
consistently (Adriancet al., 2011, Shentoret al., 2001, Tammingaet al., 2010). The
integrity of the hippocampal formation is importafdar declarative memory. The

significance of hippocampal damage was studiedatrepts with schizophrenic psychoses
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and there is growing evidence for association betwdysfunction of the hippocampus and
manifestations of schizophrenic psychoses (Hecl28@], Olincyet al., 2006, Prestoset

al., 2005).

Cross-sectional voxel-based morphometry (VBM) stadif ARMS showed reduced gray
matter volume in the frontal lobe and medial terapoegions when compared to healthy
controls (HC), regardless of outcome (Mechetlal., 2011). In addition, relative to those
subjects who did not develop the illness, those ater became psychotic showed further
reduced volumes in particular in the medial andridttemporal cortex (Borgwaret al.,
2008, Panteligt al., 2003). Likewise, recent work has suggested thatoimaging-based
multivariate pattern recognition algorithms, suchthe support vector machine, can be
used to identify ARMS individuals and may have plogential to identify individuals at the
highest risk of developing psychosis within thigplation (Koutsoulerigt al., 2011).

Using a region of interest (ROI) approach mosthef ¢ross-sectional studies reported gray
matter volume reductions in the bilateral hippocamm first-episode (FE) (Adriana al .,
2011, Phillipset al., 2002) and in chronic schizophrenia (Nelsbal., 1998, Velakoulist

al., 2006) when compared to HC.

There are contradictory results in ARMS: the le¥t bf individuals with an at-risk mental
state with transition to psychosis (ARMS-T) wagyarthan that of the at-risk mental state
without transition to psychosis (ARMS-NT), but ndferences were found between the
ARMS-T and HC (Velakoulist al., 2002), whereas subjects who later became psychoti
showed reduced gray matter volume in the left pppaitampal gyrus relative to those
who did not (Mechelliet al., 2011). However, there have also been a numbd&Qif
studies which did not find any significant diffecenbetween ARMS subjects and HC or
between ARMS-T and ARMS-NT (Velakoulet al., 2006, Woodkt al., 2005). A recent
study of our own group comparing HV across ARMS,dfll HC, found the largest HV in

the ARMS group (Buehlmanet al., 2010), and a meta-analysis of VBM studies of
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antipsychotic-naive subjects with an ARMS showeadygnatter volume reductions of HV
suggesting that vulnerability to psychosis is amged with HV decreases (Fusar-Petli
al., 2011b).

There is one longitudinal VBM study of HV in ARMSitlv transition to psychosis that
showed most extensive changes in the left mediapoeal region with a follow-up period
of 12 months (Panteli®t al., 2003) and one longitudinal study measuring caktic
thickness which showed an increased cortical thigrn the left middle temporal gyrus

over time (Ziermanst al., 2011).

This magnetic resonance imaging (MRI) study aimednwestigate the timing of HV

changes in ARMS in the early phase of psychosisodioknowledge there has been no
ROI based longitudinal study in an antipsychoticreaARMS population. Based on
previous studies we hypothesized that hippocamplainve reductions are associated with
an ARMS. Furthermore, we hypothesised a progredsippocampal volume reduction

over time in the ARMS-T but not in the ARMS-NT.

Materials and methods

Participants

The MRI data were collected as part of a researcgram (Prediction and early detection
of schizophrenia — a prospective multilevel apphpathat has been described in detail
elsewhere (Riecher-R0Ossler al.,, 2007, Riecher-Rosslegt al., 2009). Subjects with an
ARMS were recruited through theePsy-clinic, a specialized clinic for the early detecti

of psychosis at the Department of Psychiatry, Unsitye Hospital in Basel, Switzerland.
Following criteria led to exclusion of the studyistory of previous psychotic disorder
(treated with major tranquilizers for > 3 weeks)mptomatology clearly due to ‘organic’

disorder or substance abuse according to ICD-1Qer@i (except for cannabis
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dependency); psychotic symptomatology clearly dased with an affective psychosis or
a borderline personality disorder; age under 18sy@aadequate knowledge of the German
language; and 1Q less than 70.

After these exclusion criteria were applied, sutsiewere assessed using the Basel
Screening Instrument for Psychosis (BSIP) (Borgwerrdl., 2008), the Brief Psychiatric
Rating Scale (BPRS) (Luko#t al., 1986, Ventureet al., 1993), and the Scale for the
Assessment of Negative Symptoms (SANS) (Andreat889). The BSIP was used to
evaluate ‘prodromal’ symptoms, defined accordindd®M-IlI-R (American Psychiatric
Association, 1987), occurring in the last 5 years; non-sped¢frodromal’ signs (Hafnegt

al., 1991, Riecheret al., 1991) in the last two years; previous or currpaychotic
symptoms; psychosocial functioning over the lasyears; substance dependency; and
psychotic disorders among first and second deglaéves (Riecher-Rossleral., 2006).
The family history of psychosis was obtained usangemi-structured interview from the
subject and, whenever possible, a first-degreetivelaThe frequency of current and
previous alcohol use was estimated using a senmitsited interview. To assess the
premorbid 1Q we used the MWT, an established measurtGerman-speaking subjects
(Lehrl, 1991).

The antipsychotic-naive ARMS group (n = 18) wasrdef using criteria corresponding to
the Personal Assessment and Crisis Evaluation (BAGt€eria (Phillipset al., 2002, Yung

et al., 1998) employed also in previous MRI studies ef ARMS (Borgwardet al., 2006,
Borgwardtet al., 2007b, Garneet al., 2005, Panteligt al., 2003, Phillipset al., 2002,
Velakoulis et al., 2006). Inclusion thus required one or more of thkowing: (a)
“attenuated” psychotic symptoms, (b) brief limitedtermittent psychotic symptoms
(BLIPS), or (c) a first degree relative with a psgtic disorder plus at least two indicators
of a clinical change, such as a marked declineoitiat or occupational functioning.

Inclusion because of “attenuated” psychotic symtosyuired scores of 2 or 3 on the
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hallucination item, 3 or 4 on the unusual thougtrtent or 3 or 4 on the suspiciousness
items of the BPRS for at least several times a vaekpersisting for more than 1 week.

Inclusion because of BLIPS required scores of dbmve on the hallucination item, or 5 or

above on the unusual thought content, suspiciossmesonceptual disorganization items
of the BPRS, with each symptom lasting less thareék before resolving spontaneously.
This ARMS sample overlaps with the sample, which baen investigated in our cross-

sectional study of HVs (Buehlmamhal., 2010).

After complete description of the study to the sabg, written informed consent was

obtained. The study was approved by the ethics dtieerof the University of Basel.

Clinical follow-up and transition to psychosis

The ARMS subjects were followed up at monthly iméds during the first year, at 3 month
intervals during the second and third year and alythereafter until transition to frank
psychosis or until end of Mai 2007. At each assesgraubjects were examined using the
BPRS. The criteria for transition to psychosis witese defined by Yung (Yung al.,
1998). In subjects who met these criteria, the bag was determined by a diagnostic
interview using ICD-10 research criteria at the etiraf transition, corroborated by a
subsequent assessment at least one year postidgranssing the Operational Criteria

(OPCRIT) checklist for psychotic and affective dbs (McGuffinet al., 1991).

Structural MRI

Image acquisition

All patients at baseline were scanned using a SIEBIE.5 T scanner at the University
Hospital Basel. The first scan was conducted atlystintake. Head movement was
minimised by foam padding and velcro straps actbssforehead and chin. A three-

dimensional volumetric spoiled gradient recallechcecsequence generated 170-176
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contiguous, 1-mm thick sagittal slices. Imagingamaeters were: time-to-echo, 3.04-4 ms;
time-to-repetition, 1.9-9.7 ms; flip angle, 12-1Batrix size, 200 x 256; field of view, 25.6

x 25.6 cm matrix; voxel dimensions, 1 x 1 x 1 mm.

Image analysis

Original DICOM data were then converted to Analyzg format in axial direction coded
to ensure blindness of the investigator and patiesunfidentiality and finally imported
into the image-analysis software AMIRA (Kappesal., 2006). The boundaries of the
hippocampus were identified including the subiculucornu ammonis (hippocampus
proper), and the dentate gyrus. The amygdala welsiged. The regions of interest were
defined on the coronal and sagittal slices, andllfirchecked on the coronal plane again.
Anterior segmentation was achieved by tracing @ittsd slices. The hippocampal volume
was traced generally following the protocol of Jatlal. (1989), which has been used by
our group before (Buehlmanet al., 2010). All measurements were carried out by a
trained and blinded rater (AW). The intra-raterrantlass correlation coefficient at
baseline (n = 18) was 0.89 and 0.77 for the rigitt kft HV, respectively, when using
manual segmentation in all baseline MRIs that vmeeasured twice within three weeks.
The whole brain volume (WBV) was measured to carfecdifferences in head size as

previously described (Borgwardtal., 2007a, Borgwardit al., 2007b, Halleet al., 2009)

Statistical analysis

Statistical Analyses were performed using the R irenment for statistical (R
Development Core Team, 2012). Clinical and demdgcagifferences between groups
were examined with Fisher’'s exact test and Welthis-sample t-test. HV changes over
time were analyzed by using a linear mixed effeatslel that included a random intercept

factor for the subjects and fixed effects for tirhemisphere, age, medication, WBV (at
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baseline) and time by hemisphere interaction. @uthé small sample size, significance
tests of the fixed effects parameters in linearadieffects models were based on 10,000
Markov Chain Monte Carlo (MCMC) simulations usinet pvals.fnc function in

the languageR package (Baayen, 2011).

Results

Demographic and clinical data

During follow-up, 8 out of 18 ARMS individuals mattee transition to psychosis (ARMS-
T) and 10 did not (ARMS-NT). Those subjects who eleped psychosis during the
follow-up period were scanned again after its of$&78 + 501 days). The other subjects

were scanned at the end of the follow-up period {16224 days) (Table 1).

INSERT TABLE 1 HERE

There were no significant differences between ARM8nd ARMS-NT regarding sex,
age, education at baseline, and interscan-intefvedre was a trend towards higher BPRS
and SANS scores at baseline in ARMS-T comparech&o ARMS-NT (Table 1). All
patients were antipsychotic-naive at the time alebae. At the time of follow-up scan, 5
of the ARMS-T patients were treated with antipsya®so(three with olanzapine, one with
risperidone, one with perphenazine) because thasengs had to be treated for clinical
and ethical reasons. The time lag between theiti@msnd the second scan was 988 days

on average. All ARMS-NT subjects were still antipisgtic-naive at follow-up.

Hippocampal volume change during follow-up
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There was a significant negative main effect ofetifp < 0.05) but no significant time by
hemisphere interaction, suggesting that HV decceaser time in the combined ARMS-T
+ ARMS-NT sample and that HV changes across tirdendt differ between hemispheres.
A model that additionally included group (ARMS-T. V&aRMS-NT) and the time by group
interaction as independent variables did not restsistically significant group and group
by time interaction effects, i.e. no differencestween ARMS-T and ARMS-NT subjects

Table 2, Figure 1).

INSERT TABLE 2 AND FIGURE 1 HERE

Effects of whole brain volume, age, hemisphere, arahtipsychotics on HV

We found a significant effect of WBV (p = 0.0004)tmo effect of age on HV. We did not
consider gender as a fixed effect because we faustlong effect of WBV on HV and
adding sex as a fixed effect did not change owlt®sThere was a trend for smaller HV
on the left side compared to the right side (pXH.0rhe mixed effects model revealed that
— independent of time and all other covariateshi thodel — antipsychotic medication,
which was present in 5 ARMS-T patients at the séd@man, was associated with increased

HV (p < 0.05).

Correlational analyses with clinical psychopatholoyg

In a next step, we tested whether HV was associatéth the severity of

psychopathological symptoms. We found no significaarrelation between HV and
SANS or BPRS at baseline. These results also didchange when we corrected for

WBV.

Discussion
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Our first hypothesis that ARMS group as a whole Mdahow progressive hippocampal
volume reduction was confirmed. We found a reductid manually traced HV over time
in antipsychotic-naive ARMS, independently of ai outcome. Interestingly, we found
that medication with antipsychotics in the ARMS-Ttea transition to psychosis was
associated with larger HV.

Our results are in line with a previous longitudiN&M study in ARMS with transition to
psychosis giving evidence for progressive gray-enatblume reduction in the left medial
temporal lobe over a follow-up period 12 months r@®eardtet al., 2008, Pantelist al.,
2003). Likewise, Ziermans et al. (2011) demonstrae increased cortical thinning in the
left middle temporal gyrus in an adolescent ARMS8ugs over a follow-up period of 2
years. Our findings support studies that suggest ltippocampal volume reduction is a
marker of illness rather than a marker of risk @keluliset al., 2006).

Currently, the stress-vulnerability model is comtyaaccepted in psychotic disorders (van
Oset al., 2010). The decrease of HV might reflect hippocahsensitivity to stress due to
the fact that being in an ARMS is accompanied bkigher level of stress, and the
vulnerability of the hippocampus to various hormomeduced by stressful experiences has
been demonstrated (McEwen, 1999). The most likelgchanism by which stress
suppresses adult neurogenesis in the hippocampua activation of the hypothalamic—
pituitary—adrenal (HPA) axis and subsequent elewatif glucocorticoid levels (Phillipat
al., 2006). Furthermore the hippocampus itself dampéesactivity of HPA axis, so
impaired functioning of the hippocampus could |léadurther activation of the HPA axis
and to elevated levels of cortisol. A cross-secetistudy found no relationship between
plasma cortisol levels and HVs (Thompson et al.7200

Contrary to our second hypothesis, we were not tabieemonstrate a progressive decrease
of HV in ARMS-T compared to ARMS-NT. This is in gnwith an own VBM study

(Borgwardtet al., 2008) and previous ROI studies that found noimgbocampal volumes

12



in patients with first-episode psychosis and nded&nces between the ARMS-T and HC
(Velakouliset al., 2006). Our results might be due to fact that vdenat split the patients
with transition to psychosis into subgroups thaeptally differ in their HV reduction.

We report no difference in HVs between ARMS-T arl@MS-NT which has been shown
in two previous large volumetric MRI studies (Vedaiks et al., 2006, Woockt al., 2005)
and also in a small sample by our own group (Biuhimet al. 2009). There is only one
early cross-sectional study with contradictory Hsswhich reported smaller HVs in
ARMS-T compared to ARMS-NT (Phillipst al., 2002) and differing results may be
explained by the smaller sample size.

Our finding of a left laterality of hippocampus gsnsistent with previous neuroimaging
reports from a sample of which the here presenéeadpke is part of (Buehlmanet al.,
2010) and is in line with most (Velakouksal., 1999, Velakoulist al., 2006), but not all
previous studies (Hurlemann et al., 2008).

There are many mechanisms that can lead to mesgldral volume changes including
medication use. Thus, another explanation mighttHa progressive HV decrease in
ARMS-T is masked by the enlarging effect of antgsytics, which were only present in
the ARMS-T group at the time of the second scanrdi®ardt et al., 2010). The here
presented data suggest that antipsychotic medicatiay reduce hippocampal volume
loss. Certainly, the observed medication effecttrbesinterpreted with caution because it
is only based on five patients. Reduced HV loss lesn shown for first generation
antipsychotics (Liebermaret al., 2001) or for both first and second generation
antipsychotics (Woodt al., 2001), including quetiapine in preclinical stusli@Bi et al.,
2009, Parlet al., 2006). Due to the small sample size and becawsg df 5 patients were
treated with atypical antipsychotics, we could mifferentiate typical from atypical
antipsychotics. However, comparing treatment waloperidol to clozapinghere was no

difference in hippocampal volume (Arangbal., 2003) and data regarding the effects of
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typical and atypical antipsychotic medications iengral on hippocampal volume are
equivocal (Velakouligt al., 2006).

Contrary to that, atypical antipsychotics showeghsicant increase in left hippocampal
volume as compared to the typical antipsychotice@Mre et al., 2006) and atypical
antipsychotics rather than haloperidol may prosaginst hippocampal volume reduction
(Chakoset al., 2005). Consistently, schizophrenia patients égawith antipsychotics
showed gray matter volumetric reductions in metbahporal regions (Smieskow al.,
2009) and has been demonstrated in a large lomggudtudy (Hoet al., 2011), but to
differentiate the contribution of the medicationdatihe psychosis itself was not clearly
possible.

The presented study is the second longitudinalystegarding HV in ARMS and the first
with a follow-up period beyond 12 months. With awemage follow-up duration of
approximately five years, we can be quite sure thatdid not miss a transition to
psychosis because transition to psychosis is litkelyappen within the first three years of

clinical presentation (Fusar-Petial., 2012a).

We did not find a correlation between psychopathpland hippocampal volume which is
in contrast to other results, which showed sigaificinverse correlations between left
hippocampus and negative symptoms, and left amteamd posterior hippocampus
volumes and positive and negative symptoms, reiseéct(Rajarethinamet al., 2001).
Another group also demonstrated significant coti@ha between reduced scores on
neuropsychological measures of declarative-episatkenory and reduced hippocampal
volumes (Kurokiet al., 2006).

The lack of significant differences between ARM&#1d ARMS-NT in the present study
may be driven by the relatively small sample siz¢hes high risk population, which is

very difficult to collect and to follow up on. Masger, ARMS individuals may present
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with other non-psychotic features such as anxietydgepression that might also contribute
to enhance the heterogeneity within the group tegath limited statistical power.
Furthermore, we did not quantify cumulative medaratwith antipsychotics or for other
medication than antipsychotics even though sevefabur ARMS patients who had
additionally depressive symptoms were treated waittidepressants, and a stimulation of
neurogenesis in the hippocampus by antidepresdaads been suggested by others
(Krishnan and Nestler, 2008, Santaretlal., 2003). Moreover, an antipsychotic effect of
antidepressants by improving mood, reducing théyfappraisal of prodromal symptoms,
and modulating the individual's response to envirental stressors has been hypothesized

(Fusar-Poliet al., 2007b).

Conclusions

This is the first longitudinal long-term MRI study hippocampal volume in antipsychotic-
naive ARMS patients suggesting a role of reducedr&arly psychosis.

Our findings suggest that hippocampal volume ditema accumulate during the transition
to psychosis potentially allowing for the accurasely recognition of individuals at risk of

developing psychosis.
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Table 1. Sociodemographic and Clinical Sample descriptipgrioup

ARMS-NT (n = 10, ARMS-T (n = 8, p

w/m = 5/5) w/m = 8/2)
Age at baseline scan (years) 25.54 (6.00) 25.83 (7.56) 0.7
Education (years) 11.60 (3.43) 10.69 (1.65) 0.713
BPRS total score at baseline 36.20 (4.78) 43.88 (10.18) 0.079
SANS total score at baseline 13.62 (10.82) 34.32 (26.58) 0.06F
Inter-scan interval tO-tx (days)1541 (224) 1178 (501) 0.089
Time between transition and 988 (688)

2" scan (days)

Data are mean (SD) unless otherwise stated.

SANS = Scale for the Assessment of Negative Symgt@hmdreasen, 1989); BPRS =
Brief Psychiatric Rating Scale (Lukadf al., 1986).

'Fisher's Exact test

“Welch Two Sample t test
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Table 2. Hippocampal and Whole Brain Volume by Group HV

ARMS-NT ARMS-T p
(n=10) (n=8)
Baseline  Right HV 3.062 (0.43) 3.060 (0.284) 09992
Left HV 2.934 (0.444) 2.906 (0.354)  0.886
Whole brain volume 1310 (122) 1318 (112) 0883
Follow-up Right HV 2.837 (0.346) 2.858 (0.460) M1
Left HV 2.794 (0.442) 2.754 (0.335)  0.829
Whole brain volume 1264 (122) 1281 (106) 0Y756

Data are presented as mean ml (SD).

"Welch Two Sample t test
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Figure 1. Volume changes of the hippocampus (left and rgjtie) in patients with an

ARMS without transition (ARMS-NT) and with trangiti to psychosis (ARMS-T).

hippocampus volume (mm”)

time since baseline scan (days)

Values of baseline and follow-up scans in eachexilgre connected with a straight line.

The thick red lines are the model predicted hippgmas volumes for different time points,

patients groups, and hemispheres, when the otheriates are held at their mean values.
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