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Little is known about the neurobiological factors that deter-
mine functional outcome in people at high risk for psychosis.
We use multimodal neuroimaging to investigate whether corti-
cal responses during a cognitive task and thalamic glutamate
levels were associated with subsequent functional outcome.
Sixty subjects participated: 27 healthy controls (CTRL) and
33 at ultrahigh risk (UHR) for psychosis. At baseline, cortical
responses during a verbal fluency task were measured using
functional Magnetic Resonance Imaging (fMRI) and proton
Magnetic Resonance Spectroscopy (1IH-MRS) was used to
measure thalamic glutamate levels. The UHR subjects were
then followed clinically for a mean duration of 18 months,
and subdivided into “good” and “poor” functional outcome
subgroups according to their Global Assessment of Function
score at follow-up. UHR subjects with a poor functional out-
come showed greater cortical and subcortical activation than
UHR subjects with a good functional outcome. They also
had lower levels of thalamic glutamate and showed a negative
relationship between thalamic glutamate levels and prefrontal-
striatal activation that was not present in the good functional
outcome or control groups. In people at high risk for psycho-
sis, their subsequent level of functioning may depend on the
extent to which neurophysiological and neurochemical func-
tion is perturbed when they first present to clinical services.
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Introduction

Psychotic disorders are usually preceded by a clinical syn-
drome that includes attenuated psychotic symptoms, and
a marked decline in social and occupational function.!
These features comprise an “ultrahigh risk” (UHR) state

that is associated with an approximately 30% risk of devel-
oping psychosis in the following 2 years.? To date, the pri-
mary outcome of interest in almost all UHR research has
been the onset of psychosis, which has been associated
with alterations in grey matter volume,’® prefrontal activa-
tion*, and dopamine function® at presentation. However,
the threshold at which psychotic symptoms are regarded
as diagnostic of a psychotic disorder, rather than a high-
risk state, does not always reflect the level of functioning
in UHR cases.® Furthermore, around 70% of UHR indi-
viduals will not develop psychosis,” despite many of this
subgroup having poor functional outcomes and requiring
long-term clinical care.’

Poor functional outcomes in UHR cohorts have
recently been associated with a long duration of high-risk
symptoms before presentation’ and poor neurocognitive
performance,'* especially on tasks of verbal memory and
fluency.® Furthermore, longitudinal studies have shown
that initial UHR classification is associated with persis-
tent and long-standing functional difficulties in a subset of
cases.®!! However, poor functional outcomes do not seem
to be entirely dependent on the level of positive symptoms
and the development of psychosis in UHR cohorts.®!1°

One of most robust functional neuroimaging findings
in UHR subjects is altered regional brain activation dur-
ing tasks of executive functions, such as verbal fluency
(VF).*1213 Moreover, in UHR subjects the prefrontal cor-
tex (PFC) and midbrain response during VF is particularly
increased in the subgroup of subjects who subsequently
develop psychosis.* This alteration in prefrontal responses
during VF in UHR subjects has been associated with a
reduction in glutamate levels in the thalamus,' raising the
possibility that the abnormal activation may be driven by
changes in subcortical glutamate function. This is in line
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with experimental models in which administration of ket-
amine, an N-methyl-p-aspartate (NMDA) receptor antag-
onist, in healthy volunteers can produce impairments on
tasks of executive function'>!¢ and alterations in prefrontal
cortical activation comparable to those seen in schizophre-
nia.'” Low thalamic glutamate levels in UHR subjects have
also recently been linked to a decline in global functioning
subsequent to clinical presentation.'®

The aim of this study was to assess whether neuroim-
aging measures in high-risk subjects could be used to pre-
dict their functional outcome after clinical presentation.
We tested the hypothesis that functional outcome would
be related to increased prefrontal activation during a VF
task, and to low thalamic glutamate levels at baseline.
A further prediction was that the relationship between
these two measures would be perturbed in subjects with a
poor functional outcome.

Methods
Participants

Sixty subjects (27 healthy controls [CTRL] and 33 at
UHR of psychosis) participated in the study. None of
the functional Magnetic Resonance Imaging (MRI) data
from these 60 participants have been reported previously.
Specifically, there is no overlap between these data and
the data reported in our earlier studies using VF tasks
in UHR subjects (Broome et al'3; Allen et al*; Fusar-Poli
et al.'*!?). The subjects in this study from whom Magnetic
Resonance Spectroscopy (MRS) glutamate data were also
acquired represent a subset of a larger sample described
in a separate MRS study by Egerton et al.'®

Subjects were fluent in the English language and had
no history of neurological illness, drug, or alcohol depen-
dence. The study had National Research Ethics Service
(NRES) approval and all participants gave their writ-
ten, informed consent to participate. All participants
had an estimated pre-morbid IQ in the normal range
(table 1) as assessed using the National Adult Reading
Scale (NART).? Handedness was assessed using the
Annet Handedness Scale.?! UHR subjects were recruited
via OASIS (Outreach and Support in South London).?
An UHR state was established using the Comprehensive
Assessment of At Risk Mental States (CAARMS).?
Subjects met one or more of the following criteria: (a)
attenuated psychotic symptoms (b) brief limited inter-
mittent psychotic symptoms (a history of one or more
episodes of frank psychotic symptoms that resolved
spontaneously within 1 week in the past year), or (c) a
recent decline in function, together with either the pres-
ence of schizotypal personality disorder or a family his-
tory of psychosis in a first degree relative.

Nine UHR subjects were being treated with low
doses of antipsychotics at baseline (see table 1 legend).
Antipsychotic treatment and cognitive behavioral ther-
apy received at follow-up is also reported in table 1. The
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healthy controls (CTRL n = 27) were recruited from the
local community. Participants with a history of medical
or psychiatric disorders or who were receiving prescrip-
tion medications were excluded from the study. Any par-
ticipants reporting recent recreational drug use (cannabis,
stimulants, hallucinogens, or opiates in the 2 weeks before
the MRI scan) were excluded. Previous cannabis use
(prior to the 2-week period before scanning) by UHR and
CTRL subjects is reported in table 1. Other recreational
drugs are reported in supplementary table s1.

Clinical Assessment at Follow-up

In UHR subjects, clinical follow-up occurred on average
18.1£8.6 months (range = 11.8-58.7 months) after their
baseline MRI scans. During the follow-up period, three
UHR subjects (9%) made a transition to a first episode
psychosis, according to CAARMS criteria.” UHR sub-
jects were divided into two functional outcome groups
on the basis of their Global Assessment of Function
(GAF)* scores at follow-up: (a) a good functional out-
come group (UHR-GFO n = 18; GAF score > 65) and
(b) a poor functional outcome group (UHR-PFO n =
15; GAF score < 64) (see figure 1). The group split at a
GAF score of 65 was chosen because the 60-70 range
corresponds to the presence of “some difficulty in social
or occupational functioning but [the subject] generally
Sfunctions pretty well.””** GAF scores below 60 indicate
“moderate to severe impairment,” whilst scores above 70
correspond to “slight impairment to good function.” Two
UHR subjects that developed psychosis both had GAF
scores below 65 and were included in the UHR-PFO
group, the third transition had a follow-up GAF score of
78 and was included in the UHR-GFO group.

Verbal Fluency Task and Image Acquisition

All image acquisition parameters are described in supple-
mentary material. Functional MRI data were acquired
while subjects performed a VF task as used previ-
ously.*!31%2> In the experimental condition, subjects were
instructed to overtly generate a single word in response
to a visually presented letter in either an easy VF condi-
tion (e.g. C, S, L) or a hard VF condition (e.g. F, 1, O).
Experimental conditions were presented in blocks lasting
32 s, with eight presentations of a given letter per block
and four blocks in each condition. The experimental con-
dition alternated with a control condition, in which the
word “REST” was presented at the same rate and par-
ticipants were asked to repeat this word overtly (Word
Repetition). Eight blocks of REST were interspersed
with the experimental condition. Incorrect responses
were defined as pass responses, as were words that were
proper nouns, repetitions or grammatical variations
of previous words. To ensure that subjects heard their
responses clearly, their speech was transmitted by an
MRI-compatible microphone, amplified by a computer
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Table 1. Demographic and Clinical Characteristics in CTRL and UHR Subjects at Follow-up and Baseline

CTRL UHR-GFO UHR-PFO
(n=27) (n=18) (n=15) Analysis
Follow-up
Age (years) — 22.83(3.31) 22.75(3.62) t=0.06 P=.94
Length of follow-up (months) — 19 (10) 16 (3) t=128P=.21
GAF — 76.16 (6.28) 48.93 (11.09) t=8.42 P<.001
CAARMS total* — 9 (12.08) 47.07 (22.62) t=-585P<.001
CAARMS positive? — 1.93 (2.5) 8.71 (4.96) t=-6.7P<.001
CAARMS negative? 0.70 (1.77) 6.70 (4.11) t=-52P<.001
Digit span® — 18.13 (5.20) 15.34 (4.89) t=143P=.16
Verbal fluency (FAS)® — 42.26 (11.06) 40.16 (9.96) t=0.51 P=.61
Baseline
Age (years) 24.41 (4.64) 21.11 (5.07) 21.87(3.70) F=216P=.13
Gender 18M: 9F 11M: 7F 8M: 7F X?=159 P= .45
Handedness 23R: 4L 17R: 1L 12R: 3L X?2=0.43 P=.80
GAF 82.69 (7.67) 59.23 (10.40) 55.26 (6.2) F=6541P<.01
CTRL > GFO +
PFO
CAARMS total® — 39.24 (13.20) 45.23 (17.22) t=-1.08 P=.289
CAARMS positive® — 6.29 (3.91) 8.93(3.33) t=-198 P=.06
CAARMS negative® 7.88 (3.44) 9.31 (4.57) t=-0.97P=.33
CAARMS criteria 14 AP 11 AP X*=0.50P=.82
2AP+B 1 AP+ B
1AP+V 2AP+V
1AP+B+V
NART FSIQ¢ 110 (10) 107 (8) 103 (12) F=273P=.07
Digit span 16.63 17.28 (4.06) 15.33 (4.46) F=105P=.10
Verbal fluency (FAS) 40.63 (9.77) 39.56 (14.34) 34.60 (11.53) F=132P=.27
Medication at baseline (no. of cases) 5 4 Z=0.77P= .85
Chlorpromazine equivalents 22.75 21.37 t=0.07P=.93
Cannabis use at baseline (median [range]) 1(0-4) 2 (0-4) 1(0-4) Z=-12P=.24
CBT sessions at follow-up (mean no. of hours) — 14 26 t=-23P=.02
Remission at follow-up (no longer meets — 12 3 Z=-285P=.01
CAARMS criteria)
In employment or education at follow-up (no. — 12 5 Z=-220P=.02
of cases)

Note: Medication at baseline (UHR-GFO: 3 = Citalopram, 2 = Olanzapine, UHR-PFO: 2 = Citalopram, 1 = Quetiapine and
Citalopram, 1 = Risperidone). Cannabis (0 = no use, 1 = experimental use, 2 = occasional use, 3 = moderate use, 4 = severe use).

AP, Attenuated Psychotic Symptoms; B, BLIP; CAARMS, Comprehensive Assessment of At Risk Mental States; CBT, cognitive
behavioral therapy; CTRL, healthy controls; GAF, Global Assessment of Function; GFO, good functional outcome; NART, National
Adult Reading Scale; PFC, prefrontal cortex; PFO, poor functional outcome; UHF, ultrahigh risk; V, Vulnerability; VF, verbal fluency.
aInformation in two of the UHR-GFO and in one of the UHR-PFO group was missing.
"Information in three of the UHR-GFO and in two of the UHR-PFO group was missing.
‘Information in one of the UHR-GFO and in two of the UHR-PFO group was missing.

dInformation in one of the UHR-PFO group was missing.

‘Information in two of the UHR-GFO and one of the UHR-PFO group was missing.

sound card, and relayed back through an acoustic MRI
sound system and noise-insulated, stereo headphones.
No subjects reported any difficulty performing the task.

Proton Magnetic Resonance Spectroscopy

Proton Magnetic Resonance Spectroscopy (I1H-MRS)
data were acquired as detailed previously'®* during the
same scanning session as the fMRI VF task. IH-MRS
data in this cohort are also reported as part of a larger
study.’® The 1H-MRS procedure and spectral quality is
described fully in supplementary material.

fMRI Analysis

Pre-processing of functional data was performed using
SPMS8 software (http//www.fil.ion.ucl.ac.uk/spm), run-
ning in Matlab (Mathworks Inc, Sherbon, MA, USA).
The full preprocessing and statistical procedures for
fMRI analysis are described in supplementary material.
A random effects 2 X 3 factorial ANOVA was used
to examine the main effects of task (Easy vs Hard VF)
and group (CTRL, UHR-GFO, and UHR-PFO), and
the interaction effects. Baseline GAF scores were used
as a regressor in an analysis of covariance (ANCOVA)
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Fig. 1. GAF scores at baseline and follow-up for each UHR subject in the good (a) and poor (b) outcome subgroups.

model to identify areas in which there was a relation-
ship between task activation and global functioning
levels at a voxel-wise level. Mean parameter estimates
(across all significant voxels identified by ANCOVA as
significantly correlated with GAF scores) were calcu-
lated and used in a correlation analysis. The relation-
ship between BOLD response and glutamate levels was
investigated by entering individual glutamate levels
as subject-specific covariates in a one-way ANCOVA,
allowing the covariate to interact with the group fac-
tor (CTRL, UHR-GFO, UHR-PFO). All statistical
inferences from random effects models were made at a
cluster corrected family-wise error (FWE) corrected
level (P < .05, with a standard voxel-level threshold of
P <.001). Uncorrected results (P < .001 k(cluster extent)
> 100) are also reported in table 2 but are not discussed.

Statistical Analysis of Behavioral, Demographic,
Clinical, and MRS Data

Statistical analysis was performed in SPSS version 18.0
(Chicago, IL). Group differences in demographic and

432

clinical variables, spectral quality, and glutamate levels
were explored using independent samples or paired #-tests
as appropriate or non-parametric tests for nominal data.
Levene’s test was used to check for equality of variance
across groups. Logistic regression was used to determine
the value of baseline activation and GAF scores in predict-
ing functional outcome. Linear regression tests were used
to determine the value of baseline variable on outcome
variable. Statistical significance was defined as P < .05.

Results

Functional Outcome in the UHR Group

At baseline, the mean GAF score of the UHR group as a
whole was 57.37 (SD = 9.30) and their mean CAARMS
total symptom score was 40.49 (SD = 15.47). At the
follow-up assessment the groups’ mean GAF score had
increased significantly to 63.78 (#(31) = —0.208 P =.04),
while the mean CAARMS total score had decreased
significantly to 24.44 (22.59) (¢(31)= —3.98 P <.001). At
follow-up, GAF scores and CAARMS total scores were
negatively correlated (r = —0.80 P <.01)



MRI and Functional Outcomes in UHR Subjects

Table 2. Task, Group and Interaction Effects During Verbal Fluency fMRI Task. The x, y, z Coordinates of Local Maxima Are Listed
According to the MNI Coordinate System

Side Z X v z Region
Task effects
VF > WR L 7.46 =50 8 28 Middle frontal gyrus/frontal operculum*
L 7.46 -34 21 -4 Insula*
L 7.51 -4 20 40 Superior frontal gyrus*
L 6.29 —42 —60 -28 Cerebellum
L 6.27 -16 -4 16 Caudate head/thalamus*
L 5.79 —46 -54 -16 Fusiform gyrus*
L 5.54 -2 -34 -4 Brainstem/thalamus*
L 5.36 -42 —44 42 Inferior parietal gyrus®
R 5.32 40 18 -4 Insula*
R 5.12 16 0 16 Caudate body/thalamus*
Easy VF vs hard VF No supra threshold effect
GAF correlation (positive) No supra threshold effect
GAF correlation (negative) L 4.63 -18 6 14 Caudate nucleus/thalamus*
R 4.42 24 0 -8 Putamen/Insula*
L -8 14 -17 Brainstem
R 4.42 10 -14 —-16 Brainstem/hippocampus*
L 4.42 =32 5 =7 Insula/inferior frontal gyrus*
Group effects
CTRL > UHR No supra threshold effect
CTRL < UHR R 3.75 26 4 =24 Parahippocampal gyrus
L 342 -34 4 =26 Superior temporal gyrus
L 3.31 —48 12 6 Inferior frontal gyrus (pars opercularis)
L 3.05 -42 6 -2 Insula
R 3.05 44 2 0 Insula
UHR-GFO > UHR-PFO No supra threshold effect
UHR-GFO < UHR-PFO L 3.93 =36 13 4 Insula/inferior frontal gyrus*
L 3.92 =30 -8 14 Insula/putamen®
L 3.83 =20 =10 8 Thalamus*
R 3.48 36 -4 =22 Hippocampus
R 3.39 40 -12 16 Insula
CTRL + UHR-GFO > No supra threshold effect
UHR-PFO
CTRL+UHR-GFO < L 3.95 —46 10 6 Inferior frontal gyrus (pars opercularis)*
UHR-PFO L 3.33 =36 4 —24 Superior temporal gyrus
L 3.95 =32 14 20 Insula/frontal operculum*
R 3.34 44 2 0 Insula
R 3.34 30 10 6 Putamen
R 3.33 26 4 -24 Parahippocampal gyrus
R 3.33 26 -8 -16 Hippocampus
Thalamic glutamate effects
Correlation in CTRL subjects
Positive R 3.84 16 32 32 Superior frontal gyrus/sulcus*
R 3.76 8 40 32 Cingulate sulcus*
Negative No supra threshold effect
Correlation in UHR subjects
Positive No supra threshold effect
Negative No supra threshold effect
Group X Thal Glu interaction R 4.10 8 64 0 Frontopolar gyrus*
L 3.99 =10 62 8 Frontopolar gyrus*
R 3.99 20 66 0 Superior frontal gyrus*

Note: All results reported at p < .001 uncorrected k > 100. VF, verbal fluency; GAF, Global Assessment of Function; CTRL, healthy

controls; UHF, ultrahigh risk; GFO, good functional outcome; PFO, poor functional outcome.
*P < .05 family-wise error cluster corrected.

The UHR-GFO and UHR-PFO groups did not dif-
fer significantly in terms of baseline symptom scores
or level of cannabis use although there were trends for
higher baseline positive symptoms, lower premorbid

1Q and Wechsler Adult Intelligence Scale (WAIS) digit
span performance in the UHR-PGO group (see table 1).
Only positive symptoms at baseline predicted GAF
scores at the follow-up time point (B = —1.98 P = .02).
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Fig. 2. (A) Statistical parametric maps showing activation during verbal fluency task in all subjects. Areas in yellow/red and blue
represent VF task related activation and activation negatively correlated with GAF scores, respectively. The left side of the brain is on
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At follow-up, the UHR-PFO group had significantly
lower GAF scores, higher CAARMS symptoms scores
and had received significantly more CBT treatment than
the UHR-GFO group (table 1). GAF scores over the fol-
low-up period showed a significant group (UHR-GFO vs
UHR-PFO) by time (baseline vs follow-up) interaction
(F(1,31) P < .001) which reflected a significant differ-
ence in the GAF scores between the groups at follow-up
that was not significant at baseline (#(31) = 1.24 P = .23).
The interaction remained significant after covarying for
change in CAARMS total scores over the same period.

fMRI Results

Effect of Task Across all subjects, VF trials relative to
word repetition trials were associated with activation in
the left middle frontal gyrus extending ventrally to the
frontal operculum and insula, the left medial superior
frontal gyrus, the left caudate body extending to the ven-
tral thalamic nucleus, the left fusiform gyrus, the brain
stem extending to the thalamus, the right insula, and the
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right caudate body/thalamus (P < .05 FWE; table 2 and
figure 2A). The within-task contrast of easy vs hard VF
was non-significant. Across all subjects there was a nega-
tive correlation between baseline GAF scores and activa-
tion in the midbrain, extending to the right hippocampus
and parahippocampal gyrus, the right putamen and
insula, the left insula, and inferior frontal gyrus, with a
further cluster encompassing the left caudate nucleus and
thalamus (P < .05 FWE; table 2; figure 2A).

Effect of Group

CTRL vs UHR Relative to the CTRL group, the total
UHR group showed greater activation in the left inferior
frontal and superior temporal gyri, the insula bilaterally,
and the right parahippocampal gyrus (P < .001 uncor-
rected k > 100).

CTRL vs UHR-GFO vs UHR-PFO Relative to both
the CTRL and the UHR-GFO groups, the UHR-PFO
group showed greater activation in the left inferior frontal
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and insula (P < .05 FWE; table 2; figure 2B and 2C), and
in the left superior temporal gyrus and the right puta-
men, parahippocampal gyrus and hippocampus at an
uncorrected threshold (P < .001). There were no areas
where the CTRL or UHR-GFO groups showed greater
activation than the UHR-PFO group. When the analysis
was restricted to the UHR-GFO and UHR-PFO groups
(without the CTRL group), a similar result emerged with
the UHR-PFO group showing greater activation in the
left inferior frontal gyrus, putamen, thalamus, and insula
(P < .05 FWE table 2). There were no arcas where the
UHR-GFO group showed more activation than the
UHR-PFO group.

MRS—Thalamic Glutamate Levels

Data relating to spectral quality are presented in the
supplementary material and did not differ across groups.
There was no significant difference in thalamic glutamate

levels between the total UHR group and CTRL subjects
(1(57) = .87 P = .38; effect size (d) = 0.19).

However, within the UHR sample, glutamate levels
were lower in the UHR-PFO than in the UHR-GFO sub-
group (#(31) = 2.57 P =.01; figure 3A). In UHR subjects,
thalamic glutamate levels were negatively correlated with
activation in the midbrain-striatal areas negatively asso-
ciated with GAF scores identified above (figure 2A) (r =
—0.37 P = .04; see figure 3B).

JSMRI Group X Glutamate Interactions

In CTRL subjects, there was a significant positive associa-
tion between thalamic glutamate levels and the BOLD sig-
nal in a region that spanned the adjacent parts of the right
superior frontal, anterior cingulate, and middle frontal gyri
(P < .05 FWE; table 2; and figure 3C). There was a signifi-
cant interaction between thalamic glutamate levels, activa-
tion and group in the frontopolar gyrus bilaterally, the right
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superior frontal gyrus (P < .05 FWE; table 2; figure 3D).
The interaction was driven by a negative association between
activation and thalamic glutamate levels in theses regions in
the UHR-PFO group. This association was not seen in the
UHR-GFO or CTRL groups (figure 3E).

Discussion

Our main findings were that in subjects at high risk of
psychosis, functional outcome was related to both the
magnitude of activation in prefrontal and subcortical
areas during a VF task, and to glutamate levels in the
thalamus. Overall, the UHR cohort showed functional
and symptomatic improvement at follow-up. Despite this,
approximately 45% of the UHR group had poor func-
tional outcomes according to their GAF score at follow-
up, with the majority of this subgroup (10 out of 15) not
in employment or education. Broadly consistent with a
previous study in a larger UHR cohort,? only baseline
symptoms scores predicted GAF scores at follow-up,
while baseline GAF scores, premorbid 1Q and WAIS
digit span performance did not.

Consistent with previous functional imaging studies
using VF tasks, across all subjects there was activation
in a network including the left middle and medial supe-
rior frontal gyri, the frontal operculum, and insula® % the
left inferior parietal and fusiform gyri, the caudate nuclei,
thalamus and brain stem.* Across all subjects, there was
a negative association between baseline GAF scores and
activation in the inferior frontal gyrus and insula, hippo-
campus, thalamus, striatum, and midbrain. This suggests
that the lower the level of global functioning, the more
these regions are activated, perhaps in order to maintain
task performance.

Previous studies in UHR samples have reported
altered PFC activation during VF,*!* language,*® work-
ing memory*'~* and executive tasks.'? In this study, PFC
activation was greater in the total UHR group compared
to control group, although this did not survive correc-
tion for multiple statistical comparisons. However, when
the UHR subjects were subdivided according to func-
tional outcome, a robust group effect emerged, with
increased activation seen in those with a poor outcome
in the left inferior frontal gyrus, insula, putamen, and
thalamus. These differences in activation are unlikely
to reflect differences in task performance as error rates
were not significantly different between the UHR func-
tional outcome groups and error trials were included
as a nuisance covariate in all first level statistical mod-
els. Greater activation in this context may reflect ineffi-
cient cortical function,* or a compensatory response to
impaired executive function.® These findings are consis-
tent with our previous finding in a completely indepen-
dent UHR sample in which poor clinical outcome (as
defined by transition to psychosis) was associated with
increased PFC and subcortical activation.*
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Although there was no significant difference in tha-
lamic glutamate levels between control and UHR groups,
poor functional outcome was related to reduced thalamic
glutamate levels in UHR subjects. Significantly lower tha-
lamic glutamate levels have previously been reported in
UHR subjects at presentation regardless of outcomes,*
and although we did not replicate this finding in the pres-
ent cohort, the UHR group did exhibit numerically lower
thalamic glutamate than healthy controls. Furthermore,
a recent follow-up study in an extended sample of the
UHR cohort reported here suggests that low thalamic
glutamate levels at baseline were associated with a longi-
tudinal decline in global functioning.'® Elevated thalamic
glutamate/glutamine levels have been reported in patients
with schizophrenia®* so it is unclear why decreased
thalamic glutamate levels are seem in people at UHR
for psychosis. It is possible that glutamate may change
with stage of the disorder, and there is some evidence for
a recent meta-analysis® which showed age-dependent
effects (which could be a proxy for length or stage of ill-
ness and/or length of medication).

A further finding was that the relationship between
thalamic glutamate levels and activation in the cortico-
striatal-midbrain regions (associated with low GAF
scores) that was largely driven by a negative association
in subjects with poor outcomes. The relationship between
decreased thalamic glutamate levels and increased activa-
tion in the caudate nucleus/midbrain is interesting given
that these are region where elevated dopamine synthesis
capacity is most marked in UHR subjects,*® and linked
to transition to psychosis.® We also observed a significant
group by thalamic glutamate interaction in the bilateral
frontopolar gyri and the right superior frontal gyrus.
In these regions, there was again a negative association
between task-related activation and thalamic glutamate
levels in UHR with poor functional outcomes that were
not seen in either the good functional outcome or con-
trols groups. We have previously shown in an indepen-
dent UHR cohort, the alteration in PFC activation is
related to the reduction in thalamic glutamate levels, and
that this relationship is significantly different from that
in healthy controls.' This study extends these findings by
showing that this altered relationship may be specific to
UHR subjects with poor functional outcomes.

Cognitive dysfunction in schizophrenia is thought to
reflect impairments in PFC and in its interactions with
other brain regions, such as the thalamus. Because the
pyramidal neurons that project from the thalamus to
the PFC are glutamatergic, alterations in glutamate and
NMDA receptor function in schizophrenia may be par-
ticularly relevant to this pathway.* However, the data
from this study cannot determine whether there is a
causal relationship between alterations in thalamic gluta-
mate levels and prefrontal activation. Nevertheless, PFC-
thalamic interactions mediate attentional and executive
functions**? via direct connections from the thalamus to



the PFC that loop back to the thalamus via the striatum
and globus palidus.** Moreover, a recent study describes
reduced PFC-thalamic connectivity in schizophrenia.*
Our findings, which suggest that dysfunctional PFC-
thalamic interactions also occur in the UHR state, are
thus in line with these findings. Longitudinal studies in
UHR subjects are needed to establish the chronology of
these changes in relation to the risk of psychosis.

Our study has some other limitations. First, the UHR
cohort was divided according to whether follow up GAF
scores were either above or below 65. Although arbitrary,
this cut-off point reflects a clinically relevant divide, as
the 60-70 range corresponds to the transition between
poor and good levels of functioning.

Second, the GAF instrument is a measure of both func-
tional (social, occupational etc.) and symptom levels, thus
potentially conflating these two outcome variables. Indeed
functional and symptoms levels may be largely collinear
phenomena meaning that any putative imaging surro-
gates of poor functional outcome may also represent a
marker for clinical outcome along the psychosis trajectory.
However, the interaction between change in GAF scores
over the follow-up period and outcome group remained
significant after covarying for the change in total symptom
score, suggesting that changes in global functioning are not
entirely explained by changes in the severity of symptoms.

Third, the psychosis transition rate in our sample
was lower that those reported elsewhere. However, the
18-month follow-up duration in this study may not have
been sufficiently long to identify all UHR cases that made a
transition to first episode psychosis.”? The treatment inter-
ventions in our UHR subjects also means that their transi-
tion rates may not reflect the natural course of the UHR
state. Indeed, although well matched at baseline, the poor
outcome group as a whole received more CBT treatment
during the follow-up period than the good outcome group,
perhaps reflecting a greater need for treatment. There is evi-
dence from a recent and independent meta-analyses sug-
gesting that CBT may be effective in reducing psychosis
risk®’; this may partly explain the low psychosis transition
rate in our cohort. However, all CBT sessions occurred sub-
sequent to the collection of functional and MRS imaging
scans so could not have a directly affected these data.

Our findings suggest that alterations in prefrontal and
striatal neurophysiology and glutamate function in the
UHR state may be specific to individuals with poor sub-
sequent outcomes. This is in line with other neurobiologi-
cal findings*>#*4” which suggest that alterations in UHR
subjects are particularly marked in the subgroup that
later develop psychosis. Taken together, these data sug-
gest that neuroimaging measures could provide a means
of predicting clinically meaningful outcomes in high-risk
subjects. The involvement of the glutamate system in this
study also raises the possibility that treatments that act
on glutamate function may be useful in the management
of the early phase of psychosis.
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