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Background. First-episode psychosis (FEP) patients show structural brain abnormalities. Whether the changes are pro-
gressive or not remain under debate, and the results from longitudinal magnetic resonance imaging (MRI) studies are
mixed. We investigated if FEP patients showed a different pattern of regional brain structural change over a 1-year per-
iod compared with healthy controls, and if putative changes correlated with clinical characteristics and outcome.

Method. MRIs of 79 FEP patients [SCID-I-verified diagnoses: schizophrenia, psychotic bipolar disorder, or other psych-
oses, mean age 27.6 (S.D. = 7.7) years, 66% male] and 82 healthy controls [age 29.3 (S.D. = 7.2) years, 66% male] were
acquired from the same 1.5 T scanner at baseline and 1-year follow-up as part of the Thematically Organized
Psychosis (TOP) study, Oslo, Norway. Scans were automatically processed with the longitudinal stream in FreeSurfer
that creates an unbiased within-subject template image. General linear models were used to analyse longitudinal change
in a wide range of subcortical volumes and detailed thickness and surface area estimates across the entire cortex, and
associations with clinical characteristics.

Results. FEP patients and controls did not differ significantly in annual percentage change in cortical thickness or area in
any cortical region, or in any of the subcortical structures after adjustment for multiple comparisons. Within the FEP
group, duration of untreated psychosis, age at illness onset, antipsychotic medication use and remission at follow-up
were not related to longitudinal brain change.

Conclusions. We found no significant longitudinal brain changes over a 1-year period in FEP patients. Our results do
not support early progressive brain changes in psychotic disorders.
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Introduction

Psychotic disorders such as schizophrenia, schizo-
affective disorder and bipolar disorder are severe men-
tal illnesses along a psychosis continuum, with great
clinical heterogeneity within each diagnostic group.
Recent genetic (Andreassen et al. 2013), imaging
(Rimol et al. 2010, 2012; Haukvik et al. 2015), neuro-
pathological (Wang et al. 2011) and epidemiological
(Lichtenstein et al. 2009) studies suggest shared patho-
physiological traits along the psychosis continuum, al-
though the exact mechanisms are not known.

There is an ongoing debate as to whether the psych-
otic disorders are progressive brain disorders or not

(Vita et al. 2012; Fusar-Poli et al. 2013; Zipursky et al.
2013). Increasingly sophisticated magnetic resonance
imaging (MRI) techniques have facilitated studies of
longitudinal brain changes in psychotic disorders.
The results are mixed, with some studies showing
significant brain volume loss over time in chronic
schizophrenia (Veijola et al. 2014), first-episode schizo-
phrenia (Andreasen et al. 2011), first-episode psychosis
(FEP) (Gutiérrez-Galve et al. 2015) and the psychosis
prodromal state (Cannon et al. 2015), whereas other
studies report a lack of longitudinal changes
(Schaufelberger et al. 2011). Some authors argue that
antipsychotic medication may cause or moderate the
longitudinal changes (Ho et al. 2011; Vita et al. 2012;
Fusar-Poli et al. 2013), whereas others report no such
associations (Cannon et al. 2015). Some studies have
analysed changes in a priori selected cortical or subcor-
tical regions (Roiz-Santianez et al. 2014; Gutiérrez-
Galve et al. 2015), others in regional gray and white
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matter or total brain volume (Andreasen et al. 2011;
Boonstra et al. 2011; Veijola et al. 2014). Hulshoff Pol
& Kahn (2008) reported a 0.5% brain volume reduction
in schizophrenia spectrum FEP v. 0.2% in controls, and
the volume reductions have been associated with
poorer clinical outcome in some (Cahn et al. 2006;
van Haren et al. 2008) but not all (Roiz-Santianez
et al. 2014; Gutiérrez-Galve et al. 2015) studies. Meta-
analyses have reported progressive changes in FEP
and schizophrenia (Vita et al. 2012; Fusar-Poli et al.
2013). The meta-analyses include subjects across the
life span with different brain developmental trajector-
ies and studies with a variety of different image acqui-
sition parameters and scan processing methods.

Patients with FEP display great symptom heterogen-
eity. Acute symptoms may fluctuate and new affective
and psychosis symptoms may emerge. Hence early
diagnosis within the psychosis spectrum is challen-
ging, and re-evaluation and change of diagnosis may
occur in up to 40% of FEP patients (Salvatore et al.
2011, 2013). Previous valuable and important longitu-
dinal studies in FEP have tended to include psychoses
within the schizophrenia spectrum and other non-
affective psychoses such as brief psychotic disorder
and psychosis not otherwise specified (NOS), but not
the affective psychoses in bipolar disorder and psych-
otic depression (for a review, see Morgan et al. 2014).
This may have led to a bias toward a poor outcome
or brain characteristics that are not representative of
the broad FEP group. In order to give FEP patients ac-
curate and cautious information of expected illness
prognosis, longitudinal studies of brain changes and
their association with clinical characteristic in broad
FEP samples are crucial.

The aim of the present study was two-fold: (1) to ex-
plore if FEP patients showed a different pattern of
brain structural change over a 1-year period compared
with healthy controls; and (2) to investigate if putative
longitudinal brain changes correlated with measures of
clinical characteristics and outcome.

We hypothesized: (1) that FEP patients would show
greater subcortical volume decline and ventricular
volume enlargement, and more pronounced cortical
thinning than healthy controls; and (2) that higher per-
centage longitudinal brain change would correlate
with medication use, longer duration of untreated
psychosis (DUP), lower age at illness onset and a
more severe outcome.

We studied a wide range of distinct surface-based
measures of cortical area and thickness across the
whole cortical mantle, and volumes of subcortical
structures including the ventricles, the basal ganglia
(caudate, putamen accumbens, pallidum), the limbic
structures (hippocampus, amygdala, thalamus) and
the cerebellum to get a comprehensive overview of

patterns of longitudinal brain changes, not restricted
to a priori selected regions.

Method

Subjects

The subject sample consisted of patients with FEP (n =
79) and healthy controls (n = 82) from the on-going
multicenter Thematically Organized Psychosis (TOP)
Research Study at the University of Oslo and collabor-
ating hospitals in Oslo, Norway. The formal inclusion
criteria were: age between 18 and 65 years (but the old-
est included FEP patient was 48 years); no head trauma
leading to loss of consciousness; and absence of previ-
ous or current somatic illness that might affect brain
morphology. FEP was defined as patients who had
received less than 1 year of adequate treatment for
psychotic disorders within the schizophrenia spectrum
[n = 44; schizophrenia (DSM-IV 295.1, 295.3, 295.6,
295.9) (n = 37), schizophreniform disorder (DSM-IV
295.4) (n = 2), or schizo-affective disorder (DSM-IV
295.7) (n = 5)], the bipolar spectrum [n = 18; bipolar I
disorder (DSM-IV 296.0–7) (n = 15), bipolar II disorder
(DSM-IV 296.89) (n = 2), or bipolar disorder NOS
(DSM-IV 296.80) (n = 1)], and other psychoses [n = 17;
depressive psychosis (n = 5), paranoid psychosis (n = 2),
or psychotic disorder NOS (n = 10)]. All patients had a
previous or current episode of psychosis defined as a
score of 4 or above on the Positive and Negative
Syndrome Scale (PANSS) items P1 (delusions), P3 (hal-
lucinatory behavior), P5 (grandiosity), P6 (suspicious-
ness/persecution) and G9 (unusual thought content).

The healthy control subjects were randomly selected
from the national population register. They were resi-
dent in the same catchment area and were within the
same age range as the patients. Baseline scans from
the current subject sample have been included in pre-
vious larger studies of brain structure differences be-
tween schizophrenia, bipolar disorder and healthy
controls (Rimol et al. 2010, 2012; Haukvik et al. 2015).

The study was approved by the Regional Committee
for Medical Research Ethics and the Norwegian Data
Inspectorate, and was conducted in accordance with
the Helsinki declaration. After complete description
of the study to the subjects, written informed consent
was obtained from all participating subjects.

Clinical assessments

All patients underwent thorough clinical investigation
by specially trained psychologists and physicians at
baseline and at 1-year follow-up. At baseline 217 FEP
patients underwent MRI scanning. Of the 93 patients
who met for a second scanning, 14 subjects were
excluded because of poor scan quality or segmentation
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errors. As such, 79 patients were included in this study.
The included patients had longer DUP (t116 = 2.1, p =
0.036), used less second-generation antipsychotics
(SGA) at baseline (t159 =−2.2, p = 0.031) and had a
smaller proportion of women (χ21 = 4.65, p = 0.031).
The other demographic and clinical variables at
baseline did not differ between follow-up and non-
follow-up patients (Table 1).

Clinical diagnoses were assessed using the Structured
Clinical Interview for DSM Axis I disorders (SCID-I)
module A-E (Spitzer et al. 1992) at baseline and follow-
up, with an overall agreement for diagnostic categories
of 82%, κ = 0.77 (95% confidence interval 0.60–0.94) be-
tween raters. Current psychosocial function was
assessed with the Global Assessment of Function
scale, split version. Affective state was assessed with
the Young Mania Rating Scale and the Calgary
Depression Scale for Schizophrenia, and current

psychotic symptoms were rated by the PANSS (Kay
et al. 1987), with high intraclass coefficients (Engh et al.
2010). All symptom scales were administered at both
time points. Remission at follow-up was defined as no
positive symptoms within a week of follow-up assess-
ment as measured by a score of 3 or below on all of
the PANSS items P1, P3, P5, P6 and G9. Current use
of medication [first-generation antipsychotics (FGA),
SGA, lithium, and antiepileptics] was converted into
standard defined daily dosages (DDD) in accordance
with the guidelines from the World Health
Organization Collaborating Center for Drug Statistics
Methodology (hhtp://www.whocc.no/atcdd).

Healthy controls were interviewed for symptoms of
severe mental illness by trained clinical psychologists
and examined with the Primary Care Evaluation of
Mental Disorders (Spitzer et al. 1994) to ensure no cur-
rent or previous severe psychiatric disorders. Control

Table 1. Demographic and clinical characteristics of FEP patients included at baseline and follow-up

Baseline only (n = 138) Baseline and follow-up (n = 79)

Mean (S.D.) Range Mean (S.D.) Range pa

Sex, n (%) 0.031
Male 70 (51) 52 (66)
Female 68 (49) 27 (34)

Handedness, n (%)b N.S.
Right 115 (89) 69 (88)
Left 13 (10) 9 (12)
Ambidextrous 1 (1) 0 (0)

Remission, n (%) 46 (58) N.A.
Age, years 29.4 (9.0) 18–63 27.6 (7.7) 18–47 N.S.
Years of education 12.7 (2.3) 9–18 12.4 (2.2) 7–18 N.S.
Age at illness onset, years 25.5 (8.8) 7–63 23.8 (8.0) 7–44 N.S.
DUP, weeks 78 (136) 0–800 136 (212) 0–1040 0.036
YMRS 5.1 (5.0) 0–22 5.2 (5.8) 0–28 N.S.
CDSS 6.5 (5.0) 0–23 6.2 (4.4) 0–17 N.S.
GAF symptom 45 (13) 26–82 43 (11) 28–76 N.S.
GAF function 46 (12) 24–80 44 (12) 30–80 N.S.
PANSS positive 14.4 (5.2) 7–26 14.9 (5.5) 7–29 N.S.
PANSS negative 14.7 (6.1) 7–39 14.0 (6.0) 7–32 N.S.
Medication, DDD
FGA 0.4 (0.6) 0.2–2.5 0.2 (0.1) 0.0–0.33 N.S.
SGA 1.4 (1.1) 0.1–9.6 1.0 (0.6) 0.3–3.0 0.031
Antiepileptics 0.7 (0.5) 0.7–2.1 0.8 (0.6) 0.1–2.0 N.S.
Lithium 0.9 (0.3) 0.3–1.3 1.25 N.A. N.S.

Data are given as mean (S.D.) and range unless otherwise indicated.
FEP, First-episode psychosis; S.D., standard deviation; N.S., not significant; N.A., not applicable; DUP, duration of untreated

psychosis; YMRS, Young Mania Rating Scale; CDSS, Calgary Depression Scale for Schizophrenia; GAF, Global Assessment of
Function split version; PANSS, Positive and Negative Syndrome Scale; DDD, defined daily dosage; FGA, first-generation anti-
psychotics; SGA, second-generation antipsychotics.

a χ2 Test for categorical variables; t test or Mann–Whitney non-parametric test for continuous variables.
b n = 207.
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subjects with current or previous somatic illness, or
substance misuse disorder including alcohol overuse
that could affect brain morphology were excluded.

MRI acquisition and processing

All participants underwent MRI scanning at baseline
and follow-up on the same 1.5 T Siemens Magnetom
Sonata scanner (Siemens Medical Solutions). Two sa-
gittal T1-weighted magnetization prepared rapid gra-
dient echo (MPRAGE) volumes were acquired at
each time point with the Siemens tfl3d1_ns pulse se-
quence (echo time = 3.93 ms, repetition time = 2730
ms, inversion time = 1000 ms, flip angle = 7°, field of
view = 24 cm, voxel size = 1.33 × 0.94 × 1 mm3, number
of partitions = 160) and subsequently averaged to-
gether, after rigid-body registration, to increase the sig-
nal:noise ratio. There was no major scanner upgrade
during the study period, and patients and controls
were scanned interchangeably to avoid the possibility
for across-time scanner drifting to confound diagnostic
differences. A neuroradiologist evaluated all scans,
and subjects with scans showing minor brain path-
ology were excluded from the study.

The FreeSurfer software (version 5.3.0) (http://surfer.
nmr.mgh.harvard.edu/) was used to estimate volumes
of subcortical structures (Fischl et al. 2002, 2004) and
cortical surface area and thickness (Dale et al. 1999;
Fischl et al. 1999); see the online Supplementary mater-
ial and Haukvik et al. (2014, 2015) for details. To extract
reliable volume and thickness estimates of longitudinal
changes, images were automatically processed with
the FreeSurfer longitudinal stream (Reuter et al.
2012). Specifically, an unbiased within-subject tem-
plate space and image are created using robust, inverse
consistent registration (Reuter et al. 2010). Several pro-
cessing steps, such as skull stripping, Talairach trans-
forms, atlas registration as well as spherical surface
maps and parcellations are then initialized with com-
mon information from the within-subject template,
significantly increasing reliability and statistical
power (Reuter et al. 2012). Quality control and editing
were performed by a trained research assistant super-
vised by an experienced FreeSurfer user. All volumes
were visually inspected for segmentation errors. If
found, segmentation errors were corrected using man-
ual editing and/or control points (http://freesurfer.net/
fswiki/Tutorials).

Statistical analyses

Statistical analyses were performed by the use of the
statistical package SPSS version 20 (IBM, USA), and
with the FreeSurfer statistical tools. Demographic
and clinical variables were evaluated by t tests,

non-parametric Mann–Whitney tests and χ2 analysis
as applicable. All statistical tests were two-tailed.

At first, baseline differences in brain structural mea-
sures between patients and controls were tested using
analysis of covariance (ANCOVA) with the brain as
the dependent variable, diagnosis as fixed factor, and
age and intracranial volume as covariates for the sub-
cortical measures. Bonferroni correction was applied
to adjust for multiple comparisons of 12 subcortical
structures (10 bilateral structures – amygdala, hippo-
campus, thalamus, accumbens, pallidum, caudatus, pu-
tamen, cerebellum white matter and cortex, lateral
ventricle and lateral inferior ventricle, and in addition
the 3rd and 4th ventricles). Diagnostic differences in
cortical thickness and area were analysed over 300
000 points across the whole cortical mantle with a gen-
eral linear model within the FreeSurfer software. A
false discovery rate (FDR) of 5% was applied to the α
threshold of 0.05 to adjust for multiple comparisons.
The analyses were repeated, with inclusion of FEP
within schizophrenia spectrum only (n = 44) and
healthy controls.

Longitudinal percentage change was estimated for
each cortical vertex and subcortical structure volume
(V) as annual percentage change (PC) from the baseline
(time1) scan, where VPC = [(Vtime2−Vtime1)/(time2 –
time1)]/Vtime1. Then, we used a general linear model
with diagnosis as a fixed factor and age as covariate
to analyse percentage change for each subcortical
structure and vertex-wise across the cortical mantle
for each cortical measure (area and thickness). The ana-
lyses were repeated after exclusion of all subjects with
residual values below −2.5 or above 2.5, to investigate
the effects of potential outlier observations on the
model. We then analysed longitudinal differences be-
tween the schizophrenia spectrum disorder patients
(n = 44) and healthy controls.

Associations between longitudinal brain morpho-
logical change and clinical characteristics [DUP, age
at illness onset, and the use of antipsychotic medica-
tion (FGA and SGA) as DDD] in FEP patients were
analysed with non-parametric Spearman correlation
analyses because of the lack of normal distribution of
the clinical variables (also after the logarithmic trans-
formation procedures). Differences between FEP
patients with and without SGA medication and the re-
lationship between clinical outcome (remission at
follow-up) and longitudinal brain changes were ana-
lysed with multiple ANCOVA models with each
brain region as the dependent variable, and remitted
FEP v. non-remitted FEP patients or SGA users v.
non-SGA users as fixed factors. Bonferroni correction
was applied to adjust for multiple comparisons of 12
subcortical structures to avoid false-positive results.
Since the brain structures are not truly independent,
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we present nominally significant uncorrected p values
in the Results section. The cortical maps were adjusted
for multiple comparisons with the FDR.

Results

Demographic and clinical variables

FEP had fewer years of education (t145 = 4.82, p <
0.0001) and larger scan interval (t159 =−2.65, p =
0.009) compared with healthy controls (Table 2). The
SCID-I-verified diagnoses of 18 (23%) FEP subjects
changed from baseline to follow-up: five from schizo-
phreniform disorder and four from psychosis NOS to
schizophrenia; one from schizophrenia and two from
psychotic depression to schizo-affective disorder; two
from psychosis NOS and one from bipolar II disorder
to psychotic depression; one from brief psychosis to bi-
polar I disorder; one from psychosis NOS; and one
from psychotic depression to bipolar II disorder. Of
the patients, 52 used SGA at baseline, 35 were still
using at follow-up, 17 had discontinued use, and
seven other patients had started using SGA. At follow-
up 42 patients used SGA [risperidone (n = 3), olanza-
pine (n = 14), aripiprazol (n = 14), quetiapine (n = 10),
ziprazidone (n = 1)]. None of the patients received
FGA as their primary medication. None of the patients
received anticholinergics or central stimulants, one pa-
tient received diazepam and one oxazepam daily.

Clinical characteristics at baseline and follow-up are
listed in Table 2.

Baseline MRI characteristics

FEP patients had smaller volumes of the right hippo-
campus (F1,158 = 9.82, p = 0.024) and larger volumes of
the 3rd ventricle (F1,158 = 9.48, p = 0.024) compared
with healthy controls (online Supplementary
Table S1). FEP patients showed regions of cortical thin-
ning and surface area reductions compared with
healthy controls, but the differences did not remain
significant after FDR correction for multiple compari-
sons (online Supplementary Fig. S1).

In the schizophrenia spectrum FEP group (n = 44),
we found the following baseline differences compared
with healthy controls: left hemisphere smaller cerebel-
lar cortex (t156 =−3.14, p = 0.024); right hemisphere
smaller cerebellar cortex (t156 =−2.97, p = 0.036); and
smaller hippocampus (t156 =−2.90, p = 0.048).
Schizophrenia spectrum patients had regional reduced
cortical thickness and surface area at baseline com-
pared with healthy controls, in concordance with our
previous publications (Rimol et al. 2010, 2012) (data
not shown).

Baseline subcortical volumes and cortical parameters
in FEP patients were not significantly related to DUP,

age at illness onset, medication use or remission at
follow-up. Remission at follow-up was related to larger
cortical area at baseline (p = 0.003).

Trend-level baseline results are listed in the online
Supplementary material.

Longitudinal MRI changes

FEP patients and controls did not differ significantly in
regional percentage change in cortical thickness, area
or volume, or in any of the subcortical structures
after strict FDR and Bonferroni correction, respectively.
The variation in percentage longitudinal change was
largest for the ventricles, ranging from approximately
−20% to + 20% of the lateral ventricle volume over a
1-year period, with extreme value outliers at + 75%
for the left inferior ventricle (Table 3). For the hippo-
campus the variation in percentage change was nar-
rower, ranging from approximately −5% to +5%
volume change over 1 year. Percentage change within
all subcortical structures is listed in Table 3. Age at
MRI scanning was not related to percentage longitu-
dinal change for FEP patients or healthy controls.

When we repeated the analyses and included only
the schizophrenia spectrum FEP, we did not find any
significant differences in percentage volume change
compared with controls after multiple comparison con-
trol (Table 3).

Trend-level longitudinal results are listed in the on-
line Supplementary material.

Longitudinal MRI changes and clinical
characteristics

We found no associations that remained significant
after adjustment for multiple comparisons between
DUP, SGA use, age at illness onset, or remission at
follow-up and longitudinal percentage change in any
of the subcortical volumes or cortical measures.

Trend-level results are listed in the online Supp-
lementary material.

Discussion

Our main finding was that FEP patients did not show
significant longitudinal brain changes over a 1-year per-
iod as compared with healthy controls. No significant
associations between clinical characteristics, including
antipsychotic medication use, and longitudinal brain
change were found.

By including affective psychoses (psychotic bipolar
disorder and psychotic depression), we studied a FEP
group with greater clinical heterogeneity than most
of the previous studies (for reviews, see Vita et al.
2012; Fusar-Poli et al. 2013; Morgan et al. 2014).
Greater clinical heterogeneity may be related to greater
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diversity of brain characteristics. Dazzan et al. (2012)
reported that subjects at ultra high-risk for psychosis
(UHR) who converted to affective psychoses showed
a different pattern of gray matter reduction than
UHR subjects who converted to schizophrenia spec-
trum psychoses. In contrast, Cannon et al. (2015)
reported that transition from UHR to both affective
and schizophrenia spectrum FEP was characterized

by common cortical thickness reductions and 3rd ven-
tricle enlargement. Moreover, longitudinal volume
reductions specifically in the anterior cingulate cortex
have been reported in affective FEP (Koo et al. 2008).
When we analysed only the schizophrenia spectrum
FEP patients, we still did not find any significant longi-
tudinal changes compared with healthy controls.
Hence, the lack of longitudinal change cannot be

Table 2. Demographic and clinical characteristics of FEP patients and healthy controls

Baseline FEP (n = 79) Controls (n = 82) Follow-up FEP

Mean (S.D.) Range Mean (S.D.) Range Mean (S.D.) Range pa

Sex, n (%) N.S.
Male 52 (66) 54 (66)
Female 27 (34) 28 (34)

Handedness, n (%)b N.S.
Right 69 (88) 65 (94)
Left 9 (12) 3 (5)
Ambidextrous 0 (0) 1 (1)

Current treatment, n (%)c

In-patient 29 (42)
Out-patient 39 (57)
No psychiatric health care 1 (1)

Remission, n (%) 46 (58) N.A.
Age, years 27.6 (7.7) 18–47 29.3 (7.2) 18–48 N.S.
Scan interval, years 1.16 (0.263) 0.71–1.91 1.07 (0.191) 0.79–1.84 0.009
Years of education 12.4 (2.2) 7–18 14.2 (2.4) 9–20 <0.0001
Age at illness onset, years 23.8 (8.0) 7–44 N.A.
DUP, weeks 123 (212) 0–1040 N.A.
YMRS 5.2 (5.8) 0–28 4.4 (5.1) 0–16 N.S.
CDSS 6.2 (4.4) 0–17 4.0 (4.3) 0–22 <0.0001
GAF symptom 43 (11) 28–76 56 (18) 30–95 <0.0001
GAF function 44 (12) 30–80 56 (17) 32–94 <0.0001
PANSS positive 14.9 (5.5) 7–29 12.5 (5.4) 7–30 0.0003
PANSS negative 14.0 (6.0) 7–32 12.9 (5.7) 7–33 N.S.
PANSS general 31.7 (5.8) 18–44 26.6 (8.0) 16–55 <0.0001
PANSS total 60.6 (13.5) 36–91 52.0 (15.4) 36–106 <0.0001
Medication, DDD
FGAd 0.2 (0.1) 0.03–0.33 0.01 N.A. N.A.
SGAe 1.0 (0.6) 0.3–3.0 1.2 (0.8) 0.06–4.0 N.S.
Antiepilepticsf 0.8 (0.6) 0.1–2.0 1.0 (0.5) 0.1–1.7 N.S.
Lithiumg 1.25 N.A. 1.2 (0.5) 0.5–1.5 N.A.

Data are given as mean (S.D.) and range unless otherwise indicated.
FEP, First-episode psychosis; S.D., standard deviation; N.S., not significant; N.A., not applicable; DUP, duration of untreated

psychosis; YMRS, Young Mania Rating Scale; CDSS, Calgary Depression Scale for Schizophrenia; GAF, Global Assessment of
Function split version; PANSS, Positive and Negative Syndrome Scale; DDD, defined daily dosage; FGA, first-generation anti-
psychotics; SGA, second-generation antipsychotics.

a χ2 Test for categorical variables; t test or Mann–Whitney non-parametric test for continuous variables.
b n = 147.
c n = 69.
d n = 6 baseline; n = 1 follow-up.
e n = 52 baseline; n = 42 follow-up.
f n = 10 baseline; n = 10 follow-up.
g n = 1 baseline; n = 4 follow-up.
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attributed to the inclusion of affective psychoses. The
fact that 23% of FEP patients in our cohort changed
diagnosis during the follow-up period is in accordance
with a previous report of retained psychosis diagnoses
in 76.2% (Pope et al. 2013), and emphasizes the vari-
ability in clinical characteristics and course within
this group.

Longitudinal MRI studies face particular methodo-
logical difficulties regarding alignment of the baseline
and follow-up image. We used the FreeSurfer longitu-
dinal pipeline that co-registrates the baseline and
follow-up scan of each individual subject and com-
putes an unbiased within-subject template space and
image. By this, the statistical power to detect subtle

changes over time has been shown to increase signifi-
cantly (Reuter et al. 2012). We analysed a wide range
of brain volumes and cortical parameters, and applied
rigorous multiple comparison control accordingly.
This is somewhat in contrast to previous studies ana-
lysing selected regions of interest (Roiz-Santianez
et al. 2014; Gutiérrez-Galve et al. 2015) or more crude
measures such as whole-brain or lobar volumes (for
a review, see Vita et al. 2012), or studies arguing that
less stringent adjustment for multiple tests was
required (Andreasen et al. 2011; Roiz-Santianez et al.
2014). This could explain some of the discrepancies.

Interestingly, by using the exact same FreeSurfer lon-
gitudinal pipeline, Cannon et al. (2015) found 3rd

Table 3. Longitudinal percentage change in FEP patients (whole group n = 79), FES patients only (n = 44) and HC participants (n = 82)

HC FEP FES only
Statistics:
uncorrected pa

Range Mean (S.D.) Range Mean (S.D.) Range Mean (S.D.)
HC v.
FEP

HC v.
FES

Left
Lateral ventricle −14.7 to 19.0 1.2 (5.0) −31.3 to 23.3 1.1 (8.4) −15.4 to 20.6 1.9 (6.8) 0.912 0.560
Inferior lateral
ventricle

−31.1 to 40.6 0.2 (11.2) −39.5 to 75.3 −0.7 (17.0) −22.7 to 75.3 2.3 (20.1) 0.665 0.459

Cerebellum white
matter

−3.6 to 5.9 0.2 (1.7) −9.7 to 5.7 0.2 (2.5) −9.7 to 5.7 0.1 (2.7) 0.982 0.679

Cerebellum cortex −3.1 to 3.4 −0.5 (1.2) −6.3 to 4.1 −0.8 (2.1) −5.0 to 4.1 −0.7 (2.1) 0.155 0.495
Thalamus −3.1 to 2.4 −0.4 (1.2) −5.8 to 6.2 −0.5 (1.9) −3.8 to 6.2 −0.5 (1.7) 0.814 0.849
Caudate −5.1 to 5.6 −0.7 (1.6) −6.9 to 8.2 −0.5 (2.2) −4.9 to 8.2 −0.2 (2.4) 0.561 0.212
Putamen −5.0 to 7.9 −0.5 (1.8) −7.0 to 9.7 −0.5 (2.6) −5.3 to 9.7 −0.4 (2.7) 0.967 0.774
Pallidum −24.7 to 30.6 0.3 (6.2) −17.9 to 25.3 0.4 (5.1) −17.9 to 25.3 1.3 (5.9) 0.912 0.377
Hippocampus −13.7 to 4.9 0.0 (2.5) −5.6 to 7.2 −0.3 (2.6) −5.6 to 7.2 −0.5 (2.7) 0.420 0.269
Amygdala −18.5 to 14.6 −0.1 (5.2) −9.3 to 27.9 0.8 (5.9) −9.3 to 27.9 0.7 (6.6) 0.238 0.385
Accumbens −13.2 to 15.6 −0.2 (5.7) −17.9 to 38.3 −1.0 (7.3) −17.9 to 38.3 −1.4 (8.4) 0.533 0.364

Right
Lateral ventricle −16.9 to 20.3 0.9 (5.0) −34.7 to 21.5 1.0 (8.9) −27.8 to 20.4 1.8 (7.7) 0.868 0.472
Inferior lateral
ventricle

−22.1 to 22.5 −0.9 (8.9) −34.9 to 76.1 0.3 (13.7) −21.7 to 76.1 0.8 (14.8) 0.556 0.475

Cerebellum white
matter

−5.4 to 5.8 0.10(2.0) −7.6 to 8.0 0.1 (2.3) −7.6 to 8.0 0.2 (2.4) 0.948 0.986

Cerebellum cortex −3.5 to 3.6 −0.4 (1.3) −6.6 to 3.7 −0.6 (1.9) −6.6 to 3.7 −0.6 (1.9) 0.413 0.752
Thalamus −5.6 to 6.1 −0.5 (1.7) −4.5 to 6.5 −0.6 (1.9) −4.5 to 3.1 −0.7 (1.7) 0.701 0.535
Caudate −3.9 to 3.0 −0.4 (1.2) −5.4 to 3.3 −0.7 (1.8) −5.4 to 2.9 −0.8 (1.6) 0.205 0.152
Putamen −4.8 to 3.9 −0.4 (1.5) −5.7 to 6.1 −0.1 (2.0) −3.5 to 6.1 −0.1 (1.9) 0.181 0.245
Pallidum −8.7 t0 7.1 0.1 (2.8) −10.1 to 12.4 0.6 (4.1) −4.6 to 12.4 1.8 (3.8) 0.326 0.006
Hippocampus −5.9 to 4.5 −0.5 (1.7) −6.7 to 6.0 −0.2 (2.2) −5.8 to 6.0 −0.1 (2.4) 0.225 0.171
Amygdala −14.6 to 11.8 0.1 (4.5) −13.1 to 31.8 1.2 (6.1) −13.1 to 31.8 1.0 (6.8) 0.209 0.382
Accumbens −19.8 to 13.0 −1.0 (5.2) −9.7 to 36.4 1.1 (7.6) −9.7 to 21.7 1.0 (7.0) 0.049 0.122

Midline
3rd ventricle −15.0 to 12.3 −0.6 (4.7) −24.0 to 27.0 −0.2 (8.8) −17.3 to 27.0 0.8 (9.1) 0.704 0.252
4th ventricle −11.7 to 8.1 −1.4 (4.0) −15.1 to 27.3 0.5 (7.1) −14.3 to 27.3 0.7 (7.6) 0.055 0.072

FEP, First-episode psychosis; FES, first-episode schizophrenia spectrum; HC, healthy control; S.D., standard deviation.
a None of the p values is significant after adjustment for multiple comparisons.
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ventricle volume increase and regional frontal cortical
thinning in clinical high-risk subjects (n = 274) who
converted (n = 35) to affective or schizophrenia spec-
trum psychosis. In comparison, we found significantly
larger 3rd ventricles in FEP patients at baseline, but no
progressive enlargement. This could suggest that some
brain changes may occur during transition to psychosis
rather than after illness onset. Moreover, we found that
patients who were in remission at follow-up had a lar-
ger cortical area at baseline. This could reflect sub-
groups with different illness severity and brain
morphological characteristics. These results are intri-
guing and warrant further investigation.

The pathophysiology of psychotic disorders is het-
erogeneous, and has been demonstrated to involve,
for example, altered dopamine synthesis activity,
N-methyl-D-aspartate receptor (NMDAr) hypofunction
or pro-inflammatory status (for a review, see Kahn &
Sommer, 2015). From a functional perspective, FEP
with good clinical and functional outcome has been
associated with hippocampal volume increase over
time (Lappin et al. 2014). We cannot exclude the possi-
bility that the lack of positive findings reflects hetero-
geneity over several domains.

Medication use may affect brain morphology, espe-
cially in the basal ganglia that are rich in dopaminergic
neurons. We found less longitudinal reduction of caud-
ate volume in FEP patients who were not in remission
at follow-up compared with FEP patients in remission,
significant at a trend level. This is partly in line with re-
cent findings of less longitudinal caudate volume re-
duction in FEP patients (n = 109) compared with
healthy controls (n = 76); this finding was, however, in-
dependent of clinical outcome among the FEP patients
(Roiz-Santianez et al. 2014). Longitudinal caudate vol-
ume increase in schizophrenia spectrum FEP patients
(n = 211) has previously been associated with the use
of antipsychotic medication (Ho et al. 2011). We
found no association between longitudinal change
and the use of antipsychotics (all non-clozapine SGA)
in the caudate or in any other brain region. The direc-
tional effects of antipsychotics on basal ganglia
volumes may, however, differ not only between FGA
and SGA, but also between the different generic com-
pounds within each group (Ebdrup et al. 2013).
Olanzapine and risperidone (together used by 17 sub-
jects in our sample) have been associated with basal
ganglia volume increase or no change, whereas quetia-
pine (used by 10 subjects in our sample) has been asso-
ciated with basal ganglia volume decrease or no
change (for a review, see Ebdrup et al. 2013).
Accordingly, associations between longitudinal brain
changes and SGA use should be interpreted cautiously.

This study has some notable limitations. Since FEP
was defined as less than 1 year of adequate treatment,

duration of treatment amongst FEP varied from almost
1 year to just a few weeks at baseline inclusion. Second,
the time from baseline to follow-up scanning ranged
from 9 months to almost 2 years. If there is a decline
around transition to psychosis (Cannon et al. 2015)
this might be confounded by the different time points
in their early psychosis development when each pa-
tient was scanned. We used rigorous statistical adjust-
ment for multiple comparisons to avoid false-positive
findings. This might have caused type II errors. For
completeness, we reported unadjusted p values for
the results that were significant at an α-threshold of
0.05 before multiple comparison adjustment in the on-
line Supplementary material. There was a selection
bias between the follow-up- and baseline group, with
more men with long duration of untreated illness
and less SGA treatment in the follow-up group.
Finally, several factors may affect brain structure, in-
cluding birth complications (Haukvik et al. 2012,
2014), exposure to childhood trauma (Aas et al. 2013),
alcohol (Agartz et al. 2003), tobacco (Jorgensen et al.
2015) and cannabis use (Malchow et al. 2013), and exer-
cise (Malchow et al. 2015). Detailed investigations of
such effects were beyond the scope of this article, but
should be investigated in future studies.

Strengths of the current study include the relatively
large subject sample, the thorough clinical character-
ization of participating subjects, inter-rater reliability
testing on clinical instruments, SCID-I-verified diagno-
ses obtained by specially trained psychiatrists, clinical
psychologists or physicians, and the use of the same
MRI scanner with no major software or hardware
upgrades during the study period.

In summary, by analysing longitudinal change in a
wide range of specific subcortical volumes and in cor-
tical parameters across the entire cortical mantle with-
out a priori-selected regions of interest, we found no
significant longitudinal brain changes over a 1-year
period in FEP patients. Our results add to the mixed
literature on progressive brain changes in psychotic
disorders. FEP patients should be informed that they
do not necessarily have a progressive brain disorder.
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