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Background: The prodromal phase of psychosis is charac-
terized by impaired executive function and altered prefron-
tal activation. The extent to which the severity of these
deficits at presentation predicts subsequent clinical out-
comes is unclear. Methods: We employed functional mag-
netic resonance imaging in a cohort of subjects at clinical
risk for psychosis and in healthy controls. Images were ac-
quired at clinical presentation and again after 1 year, using
a 1.5-T SignaMRI scanner while subjects were performing
a verbal fluency task. SPM5 was used for the analysis of
imaging data. Psychopathological assessment of the ‘‘at-
risk’’ symptoms was performed by using the Comprehen-
sive Assessment for the At-Risk Mental State (CAARMS)
and the Positive and Negative Symptom Scale (PANSS).
Results: In the at-risk mental state (ARMS) group, be-
tween presentation and follow-up, the CAARMS (percep-
tual disorder and thought disorder subscales) and the
PANSS general scores decreased, while the Global Assess-
ment of Functioning (GAF) score increased. Both the
ARMS and control groups performed the verbal fluency
task with a high degree of accuracy. The ARMS group
showed greater activation in the left inferior frontal gyrus
but less activation in the anterior cingulate gyrus than con-
trols. Within the ARMS group, the longitudinal normaliza-
tion of neurofunctional response in the left inferior frontal
gyrus was positively correlated with the improvement in

severity of hallucination-like experiences. Conclusions:
The normalization of the abnormal prefrontal response dur-
ing executive functioning is associated with 12-month psy-
chopathological improvement of prodromal symptoms.
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Introduction

The first episode of psychosis is usually preceded by a pro-
dromal phase that is characterized by subtle psychopath-
ological signs and symptoms. Common features are
attenuated psychotic symptoms (ideas of reference, mag-
ical thinking, perceptual disturbance, paranoid ideation,
and odd thinking and speech) or brief limited intermittent
psychotic symptoms too short in duration to meet Diag-
nostic and Statistical Manual of Mental Disorders criteria
for psychosis.1 Subjects presenting with these symptoms
show an ‘‘at-risk mental state, ARMS,’’ which is associ-
ated with an increased risk of developing a psychotic dis-
order within the following months.2 Studying the
prodromal phase provides a means of determining the
pathophysiological processes underlying vulnerability
to psychosis and leading to the development of schizo-
phrenia and may ultimately inform preventive interven-
tions.3 A growing number of neuropsychological studies
have taken to studying the ARMS, largely reporting cog-
nitive impairments that are qualitatively similar although
less severe to those seen in schizophrenia.4–7 Several im-
paired cognitive domains characterize the ARMS,5,8–10

but abnormalities in executive functions and working
memory are among the most remarkable.5,9 Functional
neuroimaging techniques allow us to further explore
the neurophysiological correlates of the cognitive impair-
ment during the prodromal phase. Previous reviews have
indicated abnormalities in the prefrontal and temporal
lobes during executive and working memory tasks in sub-
jects at risk for psychosis.6,11 These findings were not at-
tributable to effects of the illness or its treatment andmay
represent markers of increased vulnerability to psychotic
disorders. However, it is still unclear what pathophysio-
logical process underlies the transition from an ARMS to
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frank psychosis over time and whether this can be
detected prior to illness onset.11 As the ARMS is a dy-
namic condition that may or may not transit to a full-
blown psychotic episode, observable neurofunctional
changes over time may be an important metric with
regard to the later onset of psychosis. To date, only
a structural longitudinal imaging study has explored
transient brain abnormalities in subjects at clinical risk
for psychosis. In the first longitudinal study of ARMS
subjects, 21 of the 75 ARMS individuals who had a base-
line magnetic resonance imaging (MRI) scan were fol-
lowed up with a second MRI scan, either immediately
after psychosis or after 12 months.12 At the time of the
second scan, individuals who had developed psychosis
showed a reduction in gray matter in the left parahippo-
campal, fusiform, orbitofrontal, and cerebellar cortices
and the cingulate gyri. In those who had not become psy-
chotic, longitudinal changes were restricted to the cere-
bellum.12 A subsequent study using data from the
same subjects demonstrated an accelerated rate of gray
matter retraction in prepsychotic ARMS individuals dur-
ing the transition to psychosis.13 Although these studies
were the first to explore the structural brain changes over
time in the prodromal phases of psychosis, to the best of
our knowledge, no longitudinal functional imaging data
in such populations are available. Similarly, it is not clear
how structural or functional alterations may be related to
the ‘‘at-risk’’ symptoms in such population. The identifi-
cation of the neurobiological correlates of prepsychotic
symptoms and their assessment over time is of fundamen-
tal relevance to improve the diagnostic process and to
develop preventive strategies.6,14

We employed functional magnetic resonance imaging
(fMRI) in a cohort of help-seeking subjects at high risk of
psychosis and in sociodemographically matched con-
trols. The high-risk group was scanned at clinical presen-
tation and again after 1 year while performing a verbal
fluency task. On the basis of previous evidence,6 we pre-
dicted that at baseline, ARMS subjects would show al-
tered prefrontal activation relative to controls. On the
basis of previous studies indicating that prefrontal re-
sponse during verbal fluency is associated with psychotic
symptoms15,16 and on the basis of longitudinal dynamic
changes in brain structure12,13,17 and in prodromal symp-
toms,18,19 we explored the relationship between neuro-
functional response and psychopathology over time.
We thus tested the hypothesis that over the subsequent
follow-up period, baseline alterations in prefrontal func-
tion would change longitudinally in parallel with changes
in the clinical status of the ARMS group.

Materials and Methods

Subjects

ARMSGroup. Individualsmeeting Personal Assessment
and Crisis Evaluation Clinic (PACE) criteria for the

ARMS20 (n = 15) were recruited from the OASIS team
(Outreach and Support in South London).21 The diagno-
sis was based on assessment by 2 experienced clinicians
using the Comprehensive Assessment for the ARMS
(CAARMS1) and a consensus meeting with the clinical
team. An individual met PACE criteria for the ARMS
if he displayed one or more of the following: ‘‘attenuated’’
positive symptoms, frank psychotic symptoms that last
less than 1 week and resolve without treatment, a recent
decline in function coupled with either schizotypal person-
ality disorder or a first-degree relative with psychosis. The
subjects recruited were antipsychotic naive and were rep-
resentative of the local population of people presenting
with an ARMS in terms of age, gender, ethnicity, and du-
ration and intensity of symptoms.21 They underwent
a baseline scanning and a second scan after 1 year.

Controls. Healthy volunteers (n = 15) were recruited
via advertisements in the local media. All subjects lived
in the same borough of London as the clinical subjects
(Lambeth), were native speakers of English, and were
right-handed.

Clinical Measures

Subjects were excluded if there was a history of neurolog-
ical disorder or they met Diagnostic and Statistical Man-
ual of Mental Disorders (Fourth Edition) criteria for a
substance misuse disorder. Estimated IQ was assessed
by using the National Adult Reading Test.22 Severity of
symptoms in the clinical groups was assessed at the
time of scanning using the following instruments: the Pos-
itive and Negative Symptom Scale (PANSS)23 and the
CAARMS.1 Handedness was evaluated with the Lateral
Preferences Inventory,24 while daily consumption of cups
of coffee/tea was assessed during the clinical assessment.
Planned independent t tests were used to compare differ-
ences in sociodemographic characteristics betweenARMS
and controls and between the 2 scans (baseline-follow-up).

fMRI Scanning

ImageAcquisition. Images were acquired on a 1.5-T Sig-
na (GE) system at the Maudsley Hospital, London. T2*-
weighted images were acquired with a repetition time
(TR) of 2 seconds, 38 3 3 mm slices, with a 0.3-mm
gap in 14 axial planes. A gradient echo sequence (TR =
4000 ms, echo time [TE] = 40 ms) was used with the ac-
quisition of each volume compressed into the first 1250
milliseconds of the TR, creating a 2750-millisecond win-
dow in which subjects could articulate a response in the
absence of scanner noise.25 To facilitate anatomical local-
ization of activation, a high-resolution inversion recovery
image dataset was also acquired, with 3-mm contiguous
slices and an in-plane resolution of 3 mm (TR = 1600ms,
inversion time [TI] = 180 ms, TE = 80 ms).

Overt Verbal Fluency Task Subjects were required
to overtly articulate a word beginning with a visually
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presented letter. The stimuli, each subtending an angle of
5�, were presented visually on a black screen, viewed
through a mirror. Cognitive load was modulated with
2 levels of task difficulty: ‘‘easy’’ and ‘‘hard’’ conditions
that involved letters that differed with respect to the ease
with which volunteers can usually generate words begin-
ning with them. The easy condition involved the letters L,
T, C, P, and S and the hard condition, O, N, E, F, and
G.25 Incorrect responses were defined as words that were
proper names, repetitions or grammatical variations of
the previous word, and ‘‘pass’’ responses. Letters were
presented in 28-second (s) blocks of 7 stimuli at 4-second
intervals. The control condition of word repetition com-
prised 28-second blocks of 7 presentations of the word
‘‘rest’’ at 4-second intervals, which subjects were required
to read aloud. Five blocks of each condition (hard/easy/
repetition) were presented in random order. Verbal re-
sponses were recorded via an MRI-compatible micro-
phone on Cool Edit 2000 (Syntrillium Software
Corporation, www.syntrillium.com). To ensure that sub-
jects heard their responses clearly, their speech was trans-
mitted by an MRI-compatible microphone, amplified by
a computer sound card, and relayed back through an
acoustic MRI sound system (Ward Ray, Hampton
Court, UK) and noise-insulated stereo headphones at
a volume of 91 6 2 dB.

Image Processing and Analysis. Functional MRI data
were analyzed with Statistical Parametric Mapping soft-
ware (SPM5; Wellcome Department of Cognitive Neu-
rology, London, UK) running under the MATLAB7.1
environment. All volumes were realigned to the first
volume, corrected for motion artifacts, mean adjusted
by proportional scaling, normalized into standard
stereotactic space (template provided by the Montreal
Neurological Institute), and smoothed using a 6mm
full-width-at-half-maximum Gaussian kernel. The time
series were high pass filtered to eliminate low-frequency
components (filter width = 128 s) and adjusted for
systematic differences across trials. The onset times (in
seconds) for each trial convolved with a canonical hemo-
dynamic response function. For the verbal fluency para-
digm, each task condition (easy, hard) was then
contrasted against the baseline condition (repeating the
word rest). To test our hypothesis that there were be-
tween-group differences, the activation for each task con-
dition was then compared between the groups (controls
and ARMS), using an analysis of variance between-
subjects test. Whole-brain voxel-wise threshold was set
at P< .05 family-wise-error-rate (FWE) corrected. Small
volumes correction (sphere of 12-mm radius) was used
for clusters observed in hypothesized regions of interest
(prefrontal cortex). To explore the longitudinal changes
in brain function, pairwise t tests between the 2 scans
were employed. To investigate the relation between blood
oxygen level–dependent (BOLD) response and functional

outcomes, cluster average beta values were extracted for
the region of between-group differences by using the
MarsBar option available in SPM5. These were corre-
lated with the clinical longitudinal outcomes assessed
using the changes (baseline-follow-up) in score on the
CAARMS and PANSS. All correlational analyses are
reported at a threshold of P < .05 and were corrected
for multiple comparisons using the Bonferroni test.
Cook d test was used to assess of the extent to which
any correlations reflected the influence of outliers.

Results

Clinical and Demographic Characteristics of the Sample

There were no significant differences between the ARMS
and control groups with respect to age (control: mean =
25.18 y, SD = 5.07, ARMS: mean = 24.36 y, SD = 4.48;
F = 0.026, P = .873), IQ (control: mean = 102.6, SD =
9.2; ARMS: mean = 101.7, SD = 12.3; F = 1.733,
P = .204), or gender (ARMS females: n = 7; control
females: n = 6; v2 = 1.502, P = .220). All controls and
ARMS subjects were right handed. The PANSS and
CAARMS general scores and the Global Assessment of
Functioning (GAF) scores at baseline and follow-up are
shown in table 1.After 1 year, the overall psychopatholog-
ical and functional status of theARMS sample had signif-
icantly improved, despite 2 out of the 15 subjects having
developed a full-blown psychosis. Thus, between presen-
tation and follow up, the CAARMS (perceptual disorder
and thought disorder subscales) and PANSS general
scores decreased, while the GAF score increased (P <
.05). However, the changes in theCAARMS speech disor-
der subscale and in thePANSSpositive, negative, and gen-
eral subscaleswerenot significant (P> .05) (table 1).When

Table 1. Longitudinal Changes in the ‘‘At-Risk Symptoms’’

Baseline Follow-up

Mean SD Mean SD t P

GAF 59.57 6.59 71.07 17.45 �2.307 .029

CAARMS perceptual
disorders

3.50 1.34 2.00 2.00 2.329 .028

CAARMS thought
disorders

3.71 0.83 2.21 1.85 2.774 .010

CAARMS speech
disorder

1.86 1.56 0.93 1.33 1.695 .102

PANSS positive 10.14 3.75 13.14 7.84 �1.291 .208

PANSS negative 10.93 3.97 11.50 6.77 �0.272 .787

PANSS general 25.57 9.85 17.93 5.57 2.526 .018

PANSS total 46.57 12.09 42.86 15.29 0.713 .482

Note: GAF, Global Assessment of Functioning; CAARMS,
Comprehensive Assessment for the At-Risk Mental State;
PANSS, Positive and Negative Symptom Scale.
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the 2 subjects who made transition to psychosis were ex-
cluded, a significant longitudinal improvement was ob-
served in some additional psychopathological domains
(PANSSpositive, negative, general andCAARMS speech
disorders). During the follow-up period, all ARMS sub-
jects received case management (which included psycho-
education, crisis intervention, family counseling, and
assistance with education or work-related difficulties,
accordingtoneed)andcognitivebehavioral therapy; inad-
dition, 7 of them gave their consent to psychopharmaco-
logical treatment with low dosages of antipsychotics
(quetiapine, dosage range = 25–150mg/d, mean dosage =
100 mg/d).

Performance

Both groups performed the task with a high degree of ac-
curacy. During the easy condition of the verbal fluency
task, there was no significant difference in the number
of incorrect responses between ARMS subjects (mean =

6.09, SD = 4.03) (mean = 82.21%) and controls (mean =
4.92, SD = 6.41) (84.39%) (P > .05). During the hard
condition of the verbal fluency task, there was no signif-
icant difference in the number of incorrect responses be-
tween ARMS subjects (mean = 18.09, SD = 11.01) and
controls (mean = 10.35, SD = 11.37) (P > .05). Within
the ARMS, verbal fluency performance was correlated
with the PANSS scores (R = 0.637, P = .014). However,
the correlations were not reliable as they were signifi-
cantly influenced by one outlier (as detected with the
Cook d test). No interactions between group and cogni-
tive load were observed (P > .05). At the follow-up, no
significant changes in the verbal fluency performance
during the easy and hard condition of the verbal fluency
task were found (P > .05).

fMRI Results

Cross-sectional Results. Main Effect of Task (Independent of

Group) At baseline, verbal fluency (ARMS þ controls),
relative to word repetition, was associated with activation
in a network of areas that included the inferior frontal
gyri, the right superior frontal gyrus, and the left middle
frontal gyrus (P < .05 FWE) (figure 1, table 2).

Main Effect of Cognitive Load (Independent of Group) At
baseline, the main effect for cognitive load (ARMS þ
controls) was nonsignificant (P > .05): there was no dif-
ference between activation during the more demanding
(hard) condition of verbal fluency than during the less de-
manding easy condition. No interactions between cogni-
tive loads and groups were detected (P > .05).

Group Differences in Activation When performing the
verbal fluency task, the healthy volunteers showed greater
activation than the ARMS subjects in the anterior cingu-
late gyrus bilaterally (x = �2, y = 40, z = 6; x = 18,
y = 38, z = �8) (P < .05 FWE) (figure 2). Conversely,
ARMS subjects showed greater activation than controls
in the left inferior frontal gyrus (x = �52, y = 26, z = 0)
(P < .05 FWE) (figure 2).

Longitudinal Data. Changes in Activation Over Time The
ARMS group showed greater activation in the left

Fig. 1. Activation During the Verbal Fluency Task, Independent
of Group (P< .05, FWECorrected). Left of the figure is left on the
brain.

Table 2. Blood Oxygen Level–Dependent Response During Verbal Fluency

Brain Region Side BA

MNI

Number of Voxel Z Scores P, FWEx y z

Main effect for the task
Inferior frontal gyrus L 9 �44 4 28 1283 7.04 .000
Middle frontal gyrus L 46 �42 26 18 6.69 .000
Inferior frontal gyrus L 47 �38 28 5 5.20 .002
Superior frontal gyrus R 8 6 �16 50 141 6.65 .000
Superior frontal gyrus R 6 8 14 50 4.71 .018
Inferior frontal gyrus R 47 32 26 2 49 5.02 .000

Note: BA, Brodmann area; MNI, Montreal Neurological Institute; L, left; R, right.
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inferior frontal gyrus (x = �32, y = 26, z = 2) at baseline
than follow-up (P < .05 FWE) (figure 3). Conversely,
there were no brain regions that showed more activation
at follow-up as compared with baseline. When data from
the ARMS group at follow-up were compared with
data from the control group at baseline, no statistical
significant differences in brain activation were observed
(P > .05).

Psychopathological Correlations Within the ARMS
group, the longitudinal change in the BOLD response
in the left inferior frontal gyrus was positively correlated
with the change in the severity of perceptual disorders (as
assessed using the CAARMS; n = 15; r = 0.833; F = 27,
290; P < .001; adjusted R2 = 0.669) (figure 4). This cor-
relation survived the elimination of potential outliers
using Cook d test (n = 12, r = 0.783, P = .03). Post hoc
analyses revealed that 2 subjects did not show any clinical
improvement over time as they made transition to psy-
chosis (figure 4, top right). For these 2 subjects, the
change (follow-up-baseline) in activation of the left infe-
rior frontal gyrus was above the 90th percentiles. There
were no significant correlations between the longitudinal

change in left inferior frontal activation and changes
between presentation and follow scores on the GAF,
PANSS (negative, positive, general, total), or other
aspects of the CAARMS (speech disorders, disorder of
thought content) (P > .05).

Effects ofMedication At baseline, no significant differ-
ences in brain activation during the verbal fluency task
were detected between ARMS subjects treated with anti-
psychotics and drug-naive ARMS subjects (P > .05).
Similarly, no cluster survived correction for multiple
comparisons in the longitudinal analysis comparing trea-
ted and untreated ARMS subjects (P > .05).

Discussion

The present study used fMRI in a longitudinal design
to explore the dynamic changes of prefrontal activity
subserving executive functioning during the prodromal
phases of psychosis. Subjects with an ARMS were
scanned while they performed a verbal fluency task
when they first presented to clinical services and after
an interval of 1 year. The study uncovered a direct

Fig. 2. Group Differences in Activation During Verbal Fluency (Red Clusters: Controls > ARMS, Blue Clusters: ARMS > Controls)
(P < .05, FWE Corrected). Left of the figure is left on the brain.
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relationship between the neurofunctional response in the
prefrontal cortex of ARMS subjects and their clinical im-
provement over time.

Task performance did not differ between ARMS and
matched controls, and no interaction between group and
cognitive load was detected at any time points. As the
present study was tailored to detect differences at a neu-
rophysiological level, it may have been underpowered to
detect differences at behavioral level. In fact, neuropsy-
chological studies in larger samples indicated that the
ARMS is associated with cognitive impairments that
are qualitatively similar to, but less severe than those
seen in schizophrenia, with consistent evidence of defi-

cits on tasks that engage executive functions.9,26 The
impairment in verbal fluency performance is particularly
marked, with performance about 1 SD below the norma-
tive level.7

For these reasons, verbal fluency paradigms have been
widely used as a probe to test cognitive functions subserved
by the prefrontal cortex during the early phases of psycho-
sis.6 Verbal fluency tasks can assess the intrinsic generation
of a verbal response, suppression of inappropriate
responses, and the holding of information about previous
responses online.27 The verbal fluency task used in the
scanner was paced to facilitate image acquisition and min-
imize performance differences between subjects, which can
confound the interpretation of differential activation in
functional imaging studies.28 This was reflected in the
high response accuracy, which was near ceiling in both
groups, and probably accounted for the absence of the be-
havioral differences between the ARMS and control
groups that we previously observed when we used an
unpaced verbal fluency paradigm as is typically employed
in neuropsychological studies.29 In line with these consid-
erations, speed of information processing is considered
a core cognitive deficit in schizophrenia and might be me-
diating a broader diversity of executive functions.30

Baseline scans confirmed that the verbal fluency task se-
lectivelyengagesaprefrontalnetworkthat includesanum-
ber of ventrolateral prefrontal areas, in line with previous
findings (for a meta-analysis see Costafreda et al31). Fur-
thermore, this networkwas found to be highly left lateral-
ized, as previously observed.31 In particular, the inferior
frontal gyrus on the left side of the brain has been linked
towordproduction, selection, andretrievaland is robustly
activatedbyverbal fluencyparadigms.31AlthoughARMS
subjects and controls shared similar accuracy rates, their
neurofunctional responseduring the taskwas significantly
different. At baseline, ARMS subjects showed a reduced
brain response in the anterior cingulate and an increased
response in the inferior frontal gyrus as compared with
thehealthycontrols.Anumberofstudies reportedreduced
activation of the anterior cingulate gyrus in first-episode

Fig. 3. Longitudinal Reduction in Left Inferior Frontal Activation in the ARMSGroup (Baseline–Follow-up) (P< .05, FWE Corrected).
Left of the figure is left on the brain.

Fig. 4. Correlation Between Longitudinal Changes in Left Inferior
Frontal Activation and Symptom Severity Within the ARMS
Sample (P< .05).Thegreater the reduction inactivation, thegreater
the improvement in perceptual symptoms, such as hallucinations.
The dotted line separates subjects who showed a clinical
improvement (black circles) from those who became psychotic
(in red).
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psychosisduringverbal fluency,32executivecontrol task,33

and manipulation phase of working memory.34 The ante-
rior cingulate cortex has been implicated in schizophrenia
by several lines of evidence: postmortem neuropathol-
ogy,35 structural MRI,36 positron emission tomography
studies,37 increased glutamatergicmetabolites on 1Hmag-
netic resonance spectroscopy (MRS),38 and deficits in
membrane phospholipids on 31P MRS39 in this region.
The anterior cingulate cortex has extensive anatomical
connectionstotheprefrontalcortex,motorareas,andthal-
amus and a presumed role in initiation of action, selective
attention, selection, and monitoring of conflicting
responses and error detection.40,41 As the verbal fluency
task entails all these cognitive processes, the observed ab-
normalities intheanteriorcingulatemayrepresent theneu-
rophysiological basis of the reported executive
dysfunctions in the ARMS group. There was also a signif-
icant group difference in ventrolateral prefrontal cortex,
but in this regionARMSsubject showedgreateractivation
that controls. Previous studies in first episode32,42,43 or
high-risk samples27 found both reduced and increased ac-
tivation in this area during similar verbal fluency tasks rel-
ative to a baseline scan. Discrepant findings in the
literaturemight be simply due to differences in experimen-
tal design, technical differences of fMRI data acquisition,
demographic characteristics, generalized cognitive im-
pairment, and functional heterogeneity in subjects at
risk for schizophrenia or to other cofounders such as dif-
ferent exposure to medication, head motion, and lack of
diagnostic reassessment during the follow-up.6 Neverthe-
less, taken together these studies suggest that prefrontal
functionalalteration is evidentprior toorearly in theonset
of the first episodeof illness and even in subjectswhoare at
highriskbutwillneverbecomepsychotic. Inparticular, the
increased activation in the left inferior frontal gyrus may
serve to compensate for the anterior cingulate neural dys-
function and maintain the performance on the verbal flu-
ency test within the normative range, even if the overall
network architecture is inefficient.44 Such an interpreta-
tion is in line with the hypothesis that the recruitment of
ventrolateral compensatory networks among schizo-
phrenics represents a compensatory response to a reduced
activity of the dorsolateral prefrontal cortex.44Moreover,
thefindingoffunctionalabnormalities inventrolateraland
anterior cingulate cortex in high-risk subjects is consistent
with data from structural MRI studies of the early phases
of psychosis, which generally report reduced gray matter
volume in these regions.12 As the ARMS group had
a high risk of developing a psychotic disorder but were
not psychotic at the time of the baseline scanning, these
dysfunctional abnormalities underlying executive func-
tioning can be seen as a correlate of their increased vulner-
ability to psychosis.6

ARMS subjects were followed for 1 year at which point
they underwent a second clinical assessment and fMRI
scan. Overall, the ARMS group showed a significant im-

provement in functional and clinical outcome measures
(GAF, PANSS general scores, and CAARMS perceptual
and thought disorders). When the neurophysiological
response of the ARMS group at this time point was
compared with that observed at the baseline, we found
relatively decreased activation in the left inferior frontal
gyrus. It is possible that the normalization of the abnor-
mal neural response in the ventrolateral prefrontal cortex
is associated with the clinical improvement of the overall
sample. In line with this assumption, we found no differ-
ence in brain activation between ARMS at follow-up and
controls at baseline, suggesting a normalization of pre-
frontal functioning over time. As the 12-month period
makes unlikely any practice effect, these initial results
are suggestive of dynamic neurofunctional changes
that would be consistent with clinical changes manifest
in these patients. To test the relationship between dy-
namic brain changes and symptomatic and functional
outcomes (PANSS and CAARMS), we extracted the pa-
rameter estimates from left inferior frontal gyrus cluster
and correlated them with these clinical measures. The
changes in the activation of inferior frontal gyrus were
positively correlated with the changes in the perceptual
disorder subscale of the CAARMS. As the neural re-
sponse decreased, ARMS subjects showed lower percep-
tual abnormalities and vice versa. The correlation between
the normalization of inferior frontal activation in the
ARMS group and the improvement in perceptual symp-
toms is interesting, as increased inferior frontal activity
has previously been associated with the presence of audi-
tory hallucinations.45,46 Changes in prefrontal activity are
evident when psychotic symptoms are induced in healthy
subjects by ketamine,47–49 while auditory verbal hallucina-
tions seem to activate predominantly the right inferior
frontal cortex.50 Furthermore, ARMS who later devel-
oped schizophrenia had a smaller gray matter volume
in a region including the inferior frontal gyrus.51 These
differences were located in similar parts of the right infe-
rior frontal cortex to those identified by Pantelis et al.12

The involvement of this region in mediating perceptual
symptomsmay thus have contributed to its response being
most altered when subjects were most symptomatic.
Although the clinical status of the ARMS group over-

all improved, 2 subjects developed psychosis. When these
subjects were removed from the analysis, the clinical im-
provement of the ARMS sample was even more marked,
and this was evident in additional improvements in spe-
cific outcome measures (PANSS positive, negative, and
total and CAARMS speech disorders). Interestingly, in
the subjects who became psychotic, the normalization
of prefrontal hyperactivation that was a feature of the
rest of the group was not evident (figure 4), suggesting
that the onset of psychosis may be associated with the
persistence of the original perturbation in prefrontal
function. This is consistent with the above theories of
inefficient executive functioning in psychosis and with
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structural MRI findings of reduced gray matter volume
in PFC in the ARMS.51 Specifically, ARMS subjects who
later developed a psychotic episode had gray matter ab-
normalities in the inferior frontal gyrus, as compared
with the ones who did not transit to psychosis.51 This
brain region may thus play a crucial role in the develop-
ment of psychosis transition. Unluckily, our small sample
size prevented any longitudinal comparison of ARMS
subjects who made transition vs the ones who remained
in an ‘‘at-risk state.’’ Future works await replication with
larger cohorts. A limitation of the current study was the
lack of follow-up scans in the control group to control for
nonspecific time or effects. However, fMRI activation
during sentence completion and52 word generation
tasks53 appears to be consistent over time in controls
and genetic high-risk subjects who are clinically stable.
In line with these observations, the previous longitudinal
imaging studies in subjects at clinical risk for psychosis
did not repeat the control scan at follow-up, assuming
influent brain changes in such group.12,13

Other limitations of the present study include expo-
sure to low dosages of quetiapine for about half of the
ARMS subjects. Although the contrast between treated
and untreated ARMS subjects did not uncover signifi-
cant effects of medication on brain activity, this may be
simply due to small sample sizes. Available evidence
indicates that antipsychotics can affect the neurofunc-
tional response during cognitive functioning in first-ep-
isode psychosis.42,54 As a consequence, the attenuation
of prefrontal activity over time in the high-risk group
may have been confounded by antipsychotic-induced
changes rather than reflecting true pathophysiological
changes.

Taken together, our findings provide evidence that ac-
tive neurofunctional changes occur in patients at risk for
psychosis and that brain changes concur with symptom-
atic improvement. As during the follow-up, our subjects
received the standard active interventions offered by the
prodromal service for people at risk for psychosis,55

whether the longitudinal neurofunctional changes in
prodromal psychosis are caused by the disease itself or
are a consequence of the active treatment still remains
unanswered. On the other hand, our results emphasize
the importance of early interventions in the treatment
of schizophrenia, suggesting that the observed neuro-
physiological abnormalities are something that could
perhaps be modulated by active interventions before
the psychosis onset. As ventrolateral prefrontal cortex
has been reported to be sensitive to antipsychotic treat-
ment in first-episode psychosis,42 the question of the
functional significance of dynamic ventrolateral changes
in the prodromal phases of psychosis may have some po-
tential clinical implications.56,57 Although longitudinal
randomized controlled fMRI trials in the prodromal
population are extremely complex, they will clarify the
respective contribution of disease progression and clini-

cal interventions in the prodromal phases preceding the
illness onset.

Conclusion

The prodromal phase of psychosis is associated with ab-
normalities in the ventrolateral prefrontal cortex during
executive functioning. The normalization of the neural
response was correlated with psychopathological
improvement at 1 year.
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