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Highlights

e This review summarizes MRI studies exploring brain deficits in both NA-FEP and A-FEP
patients.

e The evidence suggested that the two diagnostic groups showed common and distinct
pattern of GM deficits.

e This review highlights the importance of identifying neural biomarkers of FEP, which may
ultimately be useful for more targeted treatments.
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ABSTRACT

Background: Non-affective and affective psychoses are very common mental disorders. However, their
neurobiological underpinnings are still poorly understood. Therefore, the goal of the present review was to
evaluate structural Magnetic Resonance Imaging (MRI) studies exploring brain deficits in both non-affective
(NA-FEP) and affective first episode psychosis (A-FEP). Methods: A bibliographic search on PUBMED of all
MRI studies exploring differences in gray matter (GM) volume between NA-FEP and A-FEP was conducted.
Results: Overall, the results from the available evidence showed that the two diagnostic groups share
common GM alterations in fronto-temporal regions and anterior cingulate cortex. In contrast, unique GM
deficits have also been observed, with reductions in amygdala for A-FEP and in hippocampus and insula for
NA-FEP. Limitations: Few small MRI studies with heterogeneous methodology. Conclusions: Although the
evidences are far to be conclusive, they suggest the presence of common and distinct pattern of GM
alterations in NA-FEP and A-FEP. Future larger longitudinal studies are needed to further characterize

specific neural biomarkers in homogenous NA-FEP and A-FEP samples.

Introduction



Affective and non-affective psychoses are two common psychiatric illnesses characterized by both
overlapping and unique brain abnormalities (Hibar et al., 2017; van Erp et al., 2016). Specifically, affective
psychoses, and in particular bipolar disorder (BD), have been associated with gray matter (GM) reductions
in prefrontal and paralimbic regions, including anterior cingulate cortex and insula, compared to healthy
controls (Ellison-Wright and Bullmore, 2010). In contrast, ventricular enlargement and diffuse fronto-
temporal GM reductions seem to characterize non-affective psychoses, especially schizophrenia (SCZ)
(Berger et al., 2017; Chung et al., 2017; Wright et al., 2000). However, recent evidence also revealed the
presence of a substantial overlap in GM volume alterations in BD and SCZ (Ellison-Wright and Bullmore,

2010).

Interestingly, it has also been consistently reported that GM deficits already occur in the early phases of
psychosis, as reported by several neuroimaging studies investigating common and distinct pattern of GM
alterations in first episode psychosis (FEP) patients with both affective and non-affective psychosis(de
Castro-Manglano et al., 2011). Indeed, GM reductions in anterior cingulate cortex and insula seem to
characterize both A-FEP and NA-FEP (Birur et al.,, 2017). In contrast, while NA-FEP patients showed a
significant ventricular enlargement as well as a reduction of whole brain and hippocampal volumes in both
cerebral hemispheres compared to healthy controls (Vita et al., 2006), A-FEP patients reported significant
reductions in total intracranial and white matter volumes (Vita et al., 2009). Nonetheless, Magnetic

Resonance Imaging (MRI) studies directly comparing:A-FEP and NA-FEP are still scarce.
Methods

This review aimed at summarizing the results of MRI studies investigating GM deficits in both A-FEP and
NA-FEP in order to provide a focused overview of the presence of common or distinct GM deficits
associated with these two disorders. A bibliographic search on PUBMED of all MRI studies exploring
volumes differences in A-FEP and NA-FEP from 2005 up to August 2017 was performed. The search terms
used to identify the articles of interest were “Magnetic Resonance Imaging ” in combination with “first
episode psychosis", "first episode affective psychosis", "first episode non-affective psychosis", "first episode
bipolar disorder"”, "first episode schizophrenia". We excluded articles if they: a) investigated only white
matter alterations, b) explored GM alterations in chronic patients with either BD or SCZ, c) provided results
only on longitudinal data, d) employed only a sample of children\adolescents, and e) did not include results

from a direct comparison between A-FEP and NA-FEP in the analyses.

We retrieved 14 MRI studies that met the inclusion criteria. All of these studies employed a 1.5T scanner,
except for one which used a 3T scanner (Qiu et al., 2013) for exploring cortical and subcortical regions in A-

FEP and NA-FEP patients. Details of the characteristics of the individual studies are shown in Table 1.

Results



With regard to cortical regions, four MRI studies investigated the presence of cortical thickness differences
between A-FEP and NA-FEP (Pina-Camacho et al., 2016; Qiu et al., 2013; Ansell et al., 2015;(Nakamura et
al., 2007). However, only two MRI studies reported significant results (Pina-Camacho et al., 2016; Qiu et al.,
2013). Specifically, greater cortical thinning in the left inferior frontal gyrus, left cuneus, right middle
temporal gyrus and right superior temporal sulcus was observed in NA-FEP compared to A-FEP (Qiu et al.,
2013). Moreover, Pina-Camacho et al. (2016) found that earlier age at NA-FEP patients had significantly
smaller frontal volumes and thinner frontal, temporal, parietal, medial orbitofrontal, insular cortices as well
as smaller middle frontal gyrus volumes and thinner precuneus than A-FEP .

Furthermore, it has been shown that NA-FEP patients have significantly less GM volumes in superior
temporal gyri, posterior temporal lobe, and lateral and medial frontal regions in respect to A-FEP (Farrow et
al., 2005; Takahashi et al., 2009a). Overall, these evidences are in line with previeus MRI findings reporting
widespread GM abnormalities in SCZ, particularly in fronto-temporal regions’(Chan et al., 2009; Kim et al.,
2017; Squarcina et al., 2017a; Squarcina et al., 2015), which are crucial to coordinate executive functions,
and language processes (Sumich et al., 2005). Additionally, two studies observed smaller GM volumes in
cingulate gyrus in NA-FEP (Koo et al., 2008) and A-FEP (Morgan et al., 2007) compared to healthy controls,
whereas no significant differences were found between the two patient groups. The cingulate gyrus is a
cortical area often found to be implicated in BD and SCZ (Baiano et al., 2007; Crow et al., 2013; Maggioni et
al., 2016; Squarcina et al., 2017b) due to its involvement in a range of functions, including emotional,
cognitive, attentional, nociceptive, and motor functions (Mesulam et al., 2001).

Interestingly, three studies found unique GM volume reductions in insula in NA-FEP patients compared to
healthy controls (de Castro-Manglano et al., 2011; Lee et al., 2016; Takahashi et al., 2009b), similarly to
what have been previously reported in individuals at the early phases of SCZ (Ellison-Wright et al., 2008)
and in high-risk subjects (Takahashi et al., 2009c). These findings are not surprising especially because the
insula plays a crucial role in emotional and cognitive modulation as part of the “limbic integration cortex”
(Gasquoine, 2014) and its structural and functional abnormalities in SCZ (Corradi-Dell'Acqua et al., 2012)
may play a crucial role in sustaining negative symptoms and cognitive impairments (Crespo-Facorro et al.,

2001a; Crespo-Facorro et al., 2001b).

With regard to subcortical regions, two studies reported greater GM volumes (Velakoulis et al., 2006;
Watson et al., 2012) and deformed shape in amygdala in A-FEP (Qiu et al., 2013) in comparison to NA-FEP
(Velakoulis et al., 2006) or healthy control (Watson et al., 2012). Overall, these evidence are not surprising
especially because amygdala enlargement has been implicated in the pathophysiology of BD (Brambilla et
al., 2003; Strakowski et al., 1999), even at an early stage of the illness (Singh et al., 2015). Furthermore,
amygdala is part of emotional processing network together with hippocampus, ventrolateral and

dorsolateral prefrontal cortex, striatum, and portions of the anterior cingulate cortex (Phillips and Swartz,



2014), regions consistently found to be impaired in BD (Brambilla et al., 2008; Green et al., 2007; Houenou
et al., 2015; Singh et al., 2015).

With regards to hippocampus, four studies found GM volume reductions in NA-FEP compared with healthy
controls (Morgan et al., 2007; Qiu et al., 2013; Velakoulis et al., 2006; Watson et al., 2012), in accordance to
previous evidence in SCZ (van Erp et al., 2016). The hippocampus is a complex brain structure that forms
part of the Delay-Brion circuit, which specifically encodes information regarding spatial organization and
encoding explicit long-term memory, both episodic and semantic, abilities often found to be dysfunctional
in patients with psychotic disorders (Boyer et al., 2007). Therefore,abnormalities of the hippocampus seem
to be widely implicated in the pathophysiology of SCZ and may in turn represent.a candidate biological
markers of psychosis (Brambilla et al., 2011; Brambilla et al., 2013). Finally, one study found significant
association between increased caudate volume bilaterally and insight impairment only in NA-FEP patients

(McFarland et al., 2013).

Discussion

In conclusion, although the biological signatures aiming at differentiating the neural correlates associated
with NA-FEP and A-FEP have not been yet fully identified, the above-mentioned evidence reported the
presence of common and distinct pattern of GM alterations between these disorders. Specifically, while
GM volume deficits in fronto-temporal areas and anterior cingulate cortex seem to characterize both
disorders, amygdala abnormalities have been reported mainly in A-FEP while hippocampal and insular
shrinkage seems to be the neurobiological signature of NA-FEP.

However, this evidence should be considered in light of few important limitations, which may have limited
the generalizability of the findings, including the relatively small sample sizes, the different acquisition and
post-processing methodologies and the employment of psychotic patients with different pharmacological
treatments.

Therefore, future larger longitudinal studies are warranted to further assess brain developmental
trajectories in homogenous NA-FEP and A-FEP samples in order to better characterize the neural

biomarkers of first episode psychosis, which may ultimately be useful for more targeted treatments.
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Table 1. Selection of studies investigating gray matter volumes in affective and non-affective psychosis.

Pina- 32 A-FEP WAIS-R / WISC-IV NA-FEP Cross-sectional | Multicentric study Earlier age at NA-FEP < A-
Camacho Age: 22.34 + 6.04 (8/24) PANSS Antipsychotic d thinner frontal, FEP
etal., 92 NA-FEP CGI treatment (n=87) Analysis: ROl analysis ral, parietal, medial
2015* Age: 23.12 + 6.01 (22/70) GAS /C-GAS Lithium (n=1) rbitofrontal, insular
157 HC Other mood Parameters: Cortical cortices and smaller
Age: 23.71 +6.01 (23/134) stabilizers (n=4) thickness in frontal, [~ middle frontal gyrus
Antidepressants parietal, temporal and volumes and thinner
(n=11) occipitotemp precuneus cortices.
Benzodiazepines regions.
(n=34) Smaller caudal anterior A-FEP <HC
Anticholinergic cingulate; larger caudate,
agents (n=16) putamen and thicker
temporal and occipital
A-FEP lobes patients.
Antipsychotic
treatment estimated IQ, and Smaller frontal lobe, NA-FEP < HC
A-FEP (n=26) TBV: caudal middle frontal
Lithium (n=13 ) gyrus, and temporal lobe
Other mood volumes.
stabilizers
(n=8)
Antidepressants
(n=8)
Benzodiazepin
(n=8)
Anticholinergic y
agents
Ansell et 27 NA-FEP (20/7) SCID Cross-sectional | Single study 15T No significant differences. | NA-FEP = A-FEP
al,, 2015 25 A-FEP (15/10) PANSS hoti
Analysis: ROl analysis. Reduced thickness in the A-FEP <HC
mazine right inferior parietal lobe
Parameters: Cortical rand in a small area of
uoperazine thickness in frontal, the right cingulate sulcus.
parietal, temporal and
flupenthixol (n=3) occipitotemporal
haloperidol (n=1) regions.
Atypical

@
&

12




antipsychotic Statistical analysis: NA-FEP < HC
(n=27) General linear models
Antipsychotic (p < 0.001, family-wise
Risperidone error corrected with
(n=17) FreeSurfer Monte-
Olanzapine (n=6) Carlo approach).
Clozapine (n=4)
Qiuetal., 28 A-FEP PANSS NA-FEP Cross-sectional | Single study 3 Greater cortical thinning NA-FEP > A-FEP
2012 Age: 36.89+ 11.85 (13/15) GAS in the left inferior frontal
28 NA-FEP Antipsychotics gyrus, left cuneus, right
Age: 35.57+9.19 (13/15) (n=28) middle temporal gyrus
28 HC Mood stabilizer and right superior
Age: 36.04+ 10.91 (13/15) (n=3) temporal sulcus and
antipsychotics significant inward shape
and mood deformation in the left
stabilizers hippocampal tail, right
(n=3) hippocampal body and a
small region in the right
A-FEP amygdala.
Antipsychotics The shape of the A-FEP and NA-FEP < HC
(n=23) amygdala was deformed.
m:;: )stablllzer nferroni corrected). Significant inward shape NA-FEP vs A-FEP
N . . deformation in left
antipsychotics Covariates: Years of hippocampal tail and right
and mood education, duration of
stabilizers illness, medication. amygdala.
(n=19) Cortical thinning more NA-FEP > A-FEP
widespread in temporal
y regions.
McFarlane | 32 FEP PANSS Cross-sectional | Multicentric study 15T There was a significant NA-FEP
etal., Age: 27.8 £7.6 (23/9) SUMD A association between
2013 13 A-FEP i Analysis: ROI analysis increased caudate volume
19 NA-FEP 15) Parameters: GM and insight impairment
isp volumes in caudate. for right and left caudate.
y Q Q
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Paliperidone (n=
4)
Aripiprazole (n=2)

Statistical analysis:
Spearman’s
nonparametric

A-FEP

SSRI (n=4) bivariate correlations
SNRI (n=1)
[~
Takahashi 162 FEP: WAIS-R Typical Cross-sectional 15T Bilateral volume NA-FEP < A-FEP and HC
etal., 34 A-FEP SCID antipsychotic reduction in the anterior
2009a” Age: 22 +3.1 (18/16) RPMIP (n=42) | analysis insula.
46 NA-FEP Atypical No differences in the A-FEP =HC
Age: 21.5 + 3.6 (34/12) antipsychotic ameters: GM insula.
(n=108) ininsula
Lithium (n=1 ical analysis.
7) ated-measures
JANCOVA (results
were considered
significant only when
the results with both
absolute and relative
volumes reached
y significance)
Covariates: Age and
ICV
Takahashi 162 FEP: SCID Cross-sectional | Single study 15T Reduced GM volumes in NA-FEP < A-FEP and HC
etal., 46 NA-FEP WAIS-R ic HG, PT, and caudal STG
2009b » Age: 21.5 + 3.6 (34/12) Analysis: ROl analysis bilaterally.
34 A- FEP Parameters: GM
Age: 22 +3.1(18/16) ipsychotic volumes in superior
108)Lithium temporal gyrus (STG)

and its subregions
[planum polare (PP),

Q
&
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Heschl gyrus (HG), A-FEP =HC
planum
temporale (PT), rostral
STG, and caudal STG].
Statistical analysis:
Repeated-measures
ANCOVA. }
Covariates: age ani
ICV. &
Leeetal., 23 A-FEP WAIS-R NA-FEP Cross-sectional | Single study T Smaller GM volumes in NA-FEP < A-FEP and HC
2016 Age: 22.7 5.1 (20/3) GAS Typical and bilateral insula and
22 NA-FEP MMSE antipsychotic longitudinal temporal lobe.
Age: 25.3 £8.3 (19/3) BPRS (n=7) No statistically significant | A-FEP = HC
23 HC Atypical differences in volumes.
Age: 24.2 +3.9 (19/4) antipsychotic
(n=17)
Overlap
antipsychotic tistical analysis:
(n=3) eated-measures
Lithium (n=1)
VPA (n=2)
Overlap Mood Covariates: Relative
stabilizer (n= volumes.
Overlap Mood
’ stabilizer (n=0)
Morganet | 73 FEP W, NA-FEP Cross-sectional | Multicentic Study 15T No differences in total GM | NA-FEP = A-FEP
al., 2007 Age:27.1+7.6 WH! volumes

29 A-FEP (11/18)

Typical

Analysis: ROI analysis
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44 NA-FEP (31/13) antipsychotics A-FEP <HC
(n=13) Parameters: GM
Atypical volumes in
antipsychotics cingulate gyrus, insula,
(n=2) fusiform gyrus and
hippocampus.
A-FEP
Typical Statistical analysis:
antipsychotics ANCOVA (Permutati .
(n=14) testing was used t
Atypical assess statistic:
antipsychotics significance) Hippocampal reduction. NA-FEP <HC
(n=22)
Nakamura | 34 A-FEP GAS No data available | Cross-sectional 15T No differences in NA-FEP = A-FEP
etal., Age: 22.1+3.1(26/8) BPRS and neocortical GM volumes.
2007 29 NA-FEP longitudinal
Age: 24.3 £5.8 (24/5) Smaller neocortical GM NA-FEP and A-FEP <HC
36 HC volumes.
Age: 22.9 +3.8 (31/5)
Statistical analysis:
ANOVA (p-value
Bonferroni corrected).
Covariates:
Intracranial contents.
Velakoulis | 34 A-FEP BPRS Cross-sectional Single study 15T Left hippocampal GM NA-FEP <HC
etal., Age: 21.7 + 2.4 (18/16) CASH Analysis: ROI analysis. volume reduction.
2006" 103 NA-FEP Amygdala GM volume A-FEP > NA-FEP
Age: 21.8 £3.9 (76/27) Parameters: enlargement.
HC 87 GMvolumes in
Age: 26.9 + 10 (55/32) hippocampus and
amygdala.
Statistical analysis:
ANOVA (Cohen d
standardized effect
A sizes).
Covariates: ICV, sex,
Jx N age.
Watson et | 24 A-FEP PAN: NA- FEP Cross-sectional | Single study 15T Bilateral hippocampus NA-FEP < A-FEP
al., 2012 Age: 36.0 + 10 (8/16) f W, Typical Analysis: ROl analysis and amygdala volume
24 HC matched with A-FE| RT antispychotic reductions.

16




Age: 35.6+ 9.7 (8/16) (n=0) Parameters: GM
25 NA- FEP Atypical volumes in
Age:28.8 £ 9 (19/6) antipsychotic hippocampus and A-FEP>HC
25 HC matched with NA-FEP (n=19) amygdala
Age: 28.2 (8.5) (19/6) Lithium
(n=0) Statistical analysis:
ANOVA.
A-FEP ,
Typical Covariates: 1Q, sex, .
antispychotic age.
(n=1)
Atypical
antipsychotic
(n=24)
Lithium
(n=2) \
Koo et al., 41 A-FEP WAIS R No data available Cross-sectional 15T Smaller cingulate NA-FEP < HC
2008 Age: 22.8 £4.5(32/9) GAS and volumes.
39 NA-FEP BPRS longitudinal sis: ROI analysis. No differences in A-FEP = HC
Age: 23.9 5.5 (30/9) cingulate volumes. A-FEP = NA-FEP
40 HC eters: GM
Age:23 +3.2 (31/9) volumes in cingulate
gyrus and its
subregions.
Statistical analysis:
Repeated-measures
y ANOVA (Tukey
Honestly Significant
Difference tests).
Covariates: Relative
volumes.
de Castro- | 28 FEP HDRS 11) | Cross-sectional | Single study 15T Smaller GM volumes in FEP <HC
Manglano | Age: 18.6 £ (4.9) (17 /11) PANSS Risperidone (n=8) | and frontal, insular, parietal,
etal., 18 A-FEP GAS asidone (n=4) | longitudinal Analysis: ROI analysis. and cerebellar cortex.
2011 10 NA-FEP CGI ripiprazole (n=1)
20 HC Aloperidol plus Parameters: GM
Age: 20.5 % (5.7) (11/9) Clozapine and volumes in frontal,
Olanzapine (n=2) insular, parietal, and
Mood stabilizers cerebellar cortices. No significant differences A-FEP = NA-FEP

(n=9)
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Antidepressants
(n=15)

Statistical analysis:
ANOVA (p < 0.05 after
false discovery rate).

Covariates: Total GM
volume, age, sex.

Décreased

GM volumes in left
superior frontal'gyrus, left
thalamus, middle frontal
gyri bilaterally, right
inferior frontal,
postcentral and rectal
gyri, right rolandic
operculum, superior
temporal gyrus and
cerebellum.

A-FEP <HC

Farrow et
al., 2005

8 A-FEP

range age (14-20) (4/4)
25 NA-FEP

range age (13-25) (18/7)
22 HC

range age (13-25) (13/9)

PANSS

No data available

Cross-sectional
and
longitudinal

Multicentric study

Analysis: Wholebrain
analysis.

Parameters: GM
volumes in frontal,
lateral, and posterior
regions, cingulate
gyrus.

Statistical analysis:
ANOVA (p<0.001
uncorrected).

Covariates: Global
brain volumes, age.

15T

GM deficits were
observed in lateral and
medial frontal regions and
in bilateral posterior
temporal lobe regions.

NA-FEP < A-FEP

GM deficit was localized
to bilateral inferior
temporal gyrus.

A-FEP < NA-FEP

FEP: First Episode Psychosis; A-FEP: affective FEP; NA-FEP: Non-Affective FEP; HC: Healthy controls; BPRS: Brief Psychiatric Rating Scale; GAS: Global Assessment Scale; CGAS: Children’s Global Assessment Scale;
GM: Gray Matter; MMSE: Mini-Mental Status Examination; WHO-SCAN: WHO.Schedules for Clinical Assessment in Schedules for Clinical Assessment in Neuropsychiatry; RPMIP: Royal Park Multidiagnostic Instrument
for Psychosis; WAIS-R: Wechsler Adult Intelligence Scale-Revised; CGI: Clinical Global Impression scale; PANSS: Positive and Negative Symptom Scale; SUMD: Scale to Assess Unawareness of Mental Disorder; SCID:
Structured Clinical Interview for DSM-IV Axis | Disorders; YMRS: Young'Mania RatingiScale, HRSD: Hamilton Rating Scale for Depression; BPRS: Brief Psychiatric Rating Scale; CASH: Comprehensive Assessment of
Symptoms and History; NART: The National Adult Reading Test; HG: Heschl Gyrus; PT: Planun Temporale; STG: Superior Temporal Gyri; CGI : Clinical Global Impression scale; SES: parental socioeconomic status: 1Q:
Intelligent Quotient; TBV: Total brain volume; SSRI: Selective serotonin reuptake inhibitors; SNRI: Selective Serotonin-norepinephrine reuptake inhibitors. * Study also included 72 other psychosis. ~ Study also included 57

schizophreniform disorder and 25 with other psychoses. * Study also included 89 patients with established schizophrenia, 21 ultra-high risk and 18 other psychoses.
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