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Abstract

- Matthew E. Hughes? - Vanessa Cropley'? - Tamsyn E. Van Rheenen'?

Despite a growing body of research, there is yet to be a cohesive synthesis of studies examining differences in brain morphol-
ogy according to patterns of cognitive function among both schizophrenia-spectrum disorder (SSD) and bipolar disorder
(BD) individuals. We aimed to provide a systematic overview of the morphological differences—inclusive of grey and white
matter volume, cortical thickness, and cortical surface area—between cognitive subgroups of these disorders and healthy
controls, and between cognitive subgroups themselves. An initial search of PubMed and Scopus databases resulted in 1486
articles of which 20 met inclusion criteria and were reviewed in detail. The findings of this review do not provide strong
evidence that cognitive subgroups of SSD or BD map to unique patterns of brain morphology. There is preliminary evidence
to suggest that reductions in cortical thickness may be more strongly associated with cognitive impairment, whilst volumetric

deficits may be largely tied to the presence of disease.
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Introduction

Cognitive impairment appears to be a feature for many
individuals with a schizophrenia-spectrum disorders (SSD)
or bipolar disorder (BD), with the domains of executive
functioning, attention, processing speed and memory most
typically affected (Antonova et al., 2004; Bora et al., 2009;
Burdick et al., 2011; Harvey & Rosenthal, 2018; Sperry
et al., 2015; Van Rheenen & Rossell, 2014). Over recent
years, there has been a surge in research on cognitive het-
erogeneity within these disorders, where the presence of
two-to-four cognitive subgroups has been observed across a
multitude of studies in SSD and BD independently. Despite
the considerable methodological variation between them,
there is evidence of an anchoring by one subgroup with
either severe or global cognitive impairments, and another
with relatively intact cognition (Ammari et al., 2010; Bora,
2016; Carruthers et al., 2019a, b; Gilbert et al., 2014; Green
et al., 2012; Lewandowski et al., 2014; Reser et al., 2015;
Shepherd et al., 2015; Van Rheenen et al., 2017; Woodward
& Heckers, 2015). This cognitive cluster structure has also
been demonstrated when SSD and BD samples are analyzed
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cross-diagnostically (Karantonis et al., 2020; Lee et al.,
2017; Lewandowski et al., 2018; Van Rheenen et al., 2017).

Variation in objectively measured cognitive function-
ing may reflect variation in underlying neuropathology that
likely cuts across diagnostic boundaries. As such, a number
of recent studies have focused on characterizing the brain
morphological correlates of cognitive subgroups, either in
SSD or BD independently, or across both disorders cross-
diagnostically. Findings pertaining to between-subgroup
differences in brain morphology are of value, as they have
implications for differences in illness trajectory and aetiol-
ogy. However, the findings across studies vary (Shepherd
et al., 2015; Wexler et al., 2009), and to date there has not
been a systematic synthesis of these studies that provides
insight into the extent of overlap or differences between
them. Further, given that there are subgroups of patients
who are cognitively similar to healthy controls, there is no
unified understanding of whether the brain morphology of
these patients deviates from the norm.

In this review, we aim to provide a foundation from which
the findings of the available studies can be drawn together in
a comprehensive synthesis of existing literature investigating
structural brain morphology (including grey and white matter
volume, cortical thickness and cortical surface area) in rela-
tion to cognitive subgroups in SSD or BD. Given overlap-
ping cognitive patterns in these disorders (Carruthers et al.,
2019b; Harvey et al., 2010; Karantonis et al., 2020, 2021;
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Lee et al., 2017; Shepherd et al., 2015; Van Rheenen et al.,
2017, 2020; Woodward & Heckers, 2015), it is hoped that
these diagnostic-based comparisons will further elucidate
the nature and extent of their proximity on the psychosis-
mood spectrum. Specifically, our objective is to clarify if and
how brain morphology differs between cognitive subgroups
identified in these disorders, and in relation to healthy con-
trols. In doing so, we aim to answer three research questions;
are there specific morphological abnormalities that are: 1)
more heavily associated with cognitive impairment independ-
ent of SSD or BD presence; 2) uniquely associated with SSD
or BD presence independent of cognitive impairment; and 3)
associated with the interaction of cognitive impairment and
disease presence, and that may indicate the extent to which
the cognitive subgroups are either neurobiologically distinct
or rather exist on a continuum. Given that our initial scope
of the literature indicated a relative absence of longitudinal
cognitive subgroup studies, in this review we also examine
the nature of relationships evident in recent-onset individuals
compared to those with an established illness in order to bet-
ter understand the dynamics of brain-cognition relationships
across the illness course.

We reason that a pattern of data indicating an absence
of morphological differences between the relatively intact
cognitive subgroup and healthy controls, in the presence
of differences in the same regions between the cognitively
impaired subgroup and both of these groups, will provide
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Fig.1 Three models to aid with data interpretation. Visual models of
patterns of findings, a) findings likely to indicate brain morphological
abnormalities more strongly associated with cognitive impairment,
independent of SSD and/or BD disease presence; b) findings likely
to indicate brain morphological abnormalities associated with SSD
and/or BD disease presence, independent of cognitive impairment; ¢)
findings likely to indicate brain morphological abnormalities reflect-
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ing the interaction of SSD and/or BD disease presence and cognitive
impairment. Note ‘#’ is indicative that there is a significant differ-
ence in brain morphology between (sub)groups; ‘= is indicative that
there is no significant difference in brain morphology between (sub)
groups. For brevity, the term ‘intact’ is used synonymously with ‘rel-
atively intact’
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evidence to answer question 1 (Fig. 1a). In contrast, data
indicating specific differences between cognitive subgroups
and healthy controls in the absence of differences in the
same regions between cognitive subgroups themselves, will
provide evidence to address question 2 (Fig. 1b). Further,
data indicating specific morphological abnormalities in cog-
nitively impaired and relatively intact subgroups compared
to healthy controls and also between the cognitive sub-
groups themselves, will provide evidence to address ques-
tion 3 (Fig. 1c). Collectively, the findings of the review are
expected to shed light on the extent to which brain morphol-
ogy maps to cognitive subgroups on the SSD-BD spectrum.

Method
Search Strategy

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Moher et al., 2009), when applica-
ble. The literature was searched for studies published in the
online databases of PubMed and Scopus after January 1%
1990 and before 1% of June 2020. The search syntax we
employed was based on three concepts: diagnosis, cogni-
tion, and brain morphology and optimized for each database.
Record type was limited to full-length, published empirical
articles. The final search syntax optimized for each database
is provided in the supplementary material.

Eligibility Criteria

Study eligibility was assessed at two stages of screening. In
stage one, titles, abstracts, and keywords were scanned by
one author and deemed eligible if they met the following
criteria: i) written in English and empirical in format; ii)
included participants with SSD or BD; and iii) examined
brain morphology and cognition. SSD were defined as dis-
orders inclusive of schizophrenia, schizoaffective disorder,
and schizophreniform disorder; BD were defined as subtypes
inclusive of type I, II, and BD with or without psychotic
features. Brain morphology was inclusive of grey and white
volume, cortical thickness, and cortical surface area, with
images recorded by structural imaging. In stage two, two
reviewers independently screened full-text articles. A study
was eligible if: i) the patient sample was categorized into
subgroups using cognitive performance alone, ii) the brain
morphology of these subgroups was examined using mag-
netic resonance imaging (MRI) (as opposed to the examina-
tion of correlations between brain morphology and cognitive
performance within the subgroups); iii) it included partici-
pant samples with a mean age under 65 years of age; iv) non-
social cognitive performance was examined. In addition, a

paper was only eligible if it included an independent sample
(i.e. papers with identical samples were excluded). How-
ever, in the instance that a sample had been analyzed more
than once, the article was included if it involved a different
brain measure (i.e. two papers with the same sample were
accepted if one examined volume whilst the other examined
cortical thickness). If a sample was published with overlap-
ping brain measures across papers, only the most compre-
hensive analysis was included in the review, if eligible (i.e. if
one paper examined volume, and the other examined volume
and thickness, the second paper was included and the first
excluded).

Data Extraction

The following information was extracted from all papers:
participant demographics including age and sex, MRI scan-
ner type, brain atlases used, brain regions examined, cogni-
tive domains and cognitive measures examined, statistical
analyses used, number of subgroups identified, how sub-
groups were categorized, significant differences in brain
morphology between cognitive subgroups and relative to
healthy controls. A summary of this information is provided
in Table 1 and Table 2. It is recommended that Table 1 is
consulted when reading through the results section of this
review for more detail on how subgroups were formed, their
characteristics, their sample sizes, and between-group dif-
ferences. Similarly, Table 2 can be used for an overview of
the neuroimaging related parameters and a brief summary
of findings between subgroups and between subgroups and
healthy controls.

Evaluation of Study Quality

An evaluation of the quality of each study is presented in
supplementary Table S1; each study was inspected as to
whether 1) statistical correction was applied where appropri-
ate, ii) automated methods for imaging analyses were used,
iii) healthy control comparison groups were included in the
sample, iv) statistical comparisons were made between all
available (sub)groups, v) if the imaging parameters/protocol
were clearly described to enable replication and vi) if cog-
nitive measures/protocol were clearly described to enable
replication. Either a zero or one was awarded for each of
the respective six checks of quality, and the overall average
score was 5.50, indicating a high quality generally to the
studies included in this review.

Explanation of Study Synthesis
A synthesis of results is provided in separate sections below,

covering studies that report on two, three or four cognitive
subgroups (supplementary Table S2). Each section begins

@ Springer
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with a brief summary of the cognitive subgrouping meth-
odologies used in the studies within that section. Findings
are then systematically grouped and presented by exami-
nation of volume, thickness, surface area, within which
comparisons between subgroups and healthy controls are
first detailed followed by comparisons between subgroups
themselves. The terms recent-onset (i.e. RO-SSD/RO-BD)
and established are used throughout the review to clearly
delineate between illness stages. Sample sizes for each
subgroup are only presented at the first instance a study is
mentioned. This synthesis structure was used to facilitate
readability and reduce confusion in the context of the high
degree of methodological heterogeneity in this field. From
the 20 studies, all reported the brain morphology findings
between cognitive subgroups and healthy controls are pre-
sented in supplementary Table S3, ordered alphabetically by
the relevant lobe and region.

Results
Search Selection

The search strategy yielded a total of 1486 records, from
which 20 studies met the inclusion criteria. A flowchart of
this selection process is presented in Fig. 2. A summary of
study characteristics and results are provided in Tables 1
and 2. Of the 20 studies, 15 investigated SSD, three exam-
ined mixed (cross-diagnostic) samples of SSD and BD sam-
ples, and the remaining two investigated BD and RO-SSD,
respectively. Seventeen of the 20 studies included healthy
control comparison groups in their analyses. The majority
of studies (n=15) used predetermined performance cut-off
scores to define their cognitive subgroups, whilst the remain-
ing (n=35) used data-driven approaches such as clustering
analysis.

Findings from Analyses of Two Cognitive Subgroups
Summary

Twelve studies identified two cognitive subgroups, 10 of
which used cognitive cut-off scores (Alonso-Lana et al.,
2016; Ayesa-Arriola et al., 2013; Colibazzi et al., 2013;
Guimond et al., 2016; Ortiz-Gil et al., 2011; Poletti et al.,
2014; Rusch et al., 2007; Shepherd et al., 2015; Torres
et al., 1997; Wexler et al., 2009) and two used data-driven
approaches (Cobia et al., 2011; Gould et al., 2014). Despite
variations in naming conventions, these studies all report on
cognitive subgroups that could be considered to have cogni-
tion that is either relatively intact or impaired. For ease of
interpretation, we have adopted these naming conventions
to report all relevant findings in these studies going forward.
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Poletti et al. (2014), Rusch et al. (2007), Guimond et al.
(2016) and Torres et al. (1997) each classified SSD patients
in their study into either ‘high’ or ‘low’ performing sub-
groups based on executive function, working memory and
verbal memory scores, respectively. Ortiz-Gil et al. (2011)
and Alonso-Lana et al. (2016) categorised their respective
SSD and BD patients into cognitively impaired and pre-
served subgroups based on their performance on the meas-
ures of executive function, verbal memory/learning, visual
memory/learning. Colibazzi et al. (2013) and Wexler et al.
(2009) both assessed attention, and verbal and working
memory in SSD patients in their study, and classified them
into impaired and relatively intact cognitive subgroups.
Ayesa-Arriola et al. (2013) employed cut-off scores to clas-
sify their RO-SSD sample into a non-deficit and deficit sub-
group based on a global cognitive functioning index sum-
marizing standardized performance across eight cognitive
domains. In their cross-diagnostic study, Shepherd et al.
(2015) used cognitive cut-off scores to group SSD and BD
patients into cognitively impaired and relatively intact sub-
groups based on working memory scores. Finally, the stud-
ies by Gould et al. (2014) and Cobia et al. (2011) employed
data-driven approaches to classify SSD cognitive subgroups
based on a wide range of neuropsychological tests.

Eight studies examined volume (Alonso-Lana et al., 2016;
Ayesa-Arriola et al., 2013; Gould et al., 2014; Ortiz-Gil
et al., 2011; Poletti et al., 2014; Rusch et al., 2007; Shepherd
et al., 2015; Torres et al., 1997; Wexler et al., 2009), one
cortical thickness (Cobia et al., 2011), and two examined
volume and cortical thickness (Colibazzi et al., 2013;
Guimond et al., 2016).

Volume (Two Subgroup Studies)

Nine of the 12 studies compared the volume of cognitive
subgroups to healthy control samples. Rusch et al. (2007)
observed that both relatively intact and impaired cognitive
subgroups of SSD patients had significantly less total grey
matter and left dorsolateral prefrontal cortex volume than
healthy controls. White matter volume was not assessed
in relation to healthy controls in this study. Ortiz-Gil et al.
(2011) reported that the relatively intact SSD subgroup had
significantly less grey matter volume than healthy controls in
the regions between the orbital and medial prefrontal cortex
to the anterior cingulate gyrus; no differences were identified
between the cognitively impaired SSD subgroup and healthy
controls. For reasons unspecified, only comparisons of white
matter volume were made between the relatively intact SSD
subgroup and healthy controls, to which no differences were
observed.

Wexler et al. (2009) observed that their cognitively
impaired subgroup of SSD patients had significantly larger
ventricular volume in all compartments compared to healthy
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controls, while the relatively intact cognitive subgroup only
had larger third ventricle volume. The two cognitive sub-
groups also showed reduced cortical grey matter volume
relative to healthy controls in all regions except the orbit-
ofrontal cortex, where only the relatively intact cognitive
subgroup showed reductions. The impaired subgroup had
further subcortical reductions in hippocampal and thalamic
grey matter volume, while only the relatively intact cogni-
tive subgroup differed to healthy controls in amygdala vol-
ume. In contrast, Guimond et al. (2016) observed no sig-
nificant difference in hippocampal volumes between their
healthy controls and their impaired and relatively intact
subgroups. In terms of white matter reductions, only the
cognitively impaired subgroup had reductions compared to
healthy controls, found in the dorsal prefrontal, premotor,
sensorimotor, parietal-occipital, orbito-frontal, subgenual,
and inferior occipital regions. There were no reductions in
cerebellar volume in either subgroup. In another study which
formed subgroups based on working memory performance,
Colibazzi et al. (2013) found that compared to healthy con-
trols, the cognitively impaired subgroup of SSD patients had
reduced medial frontal, inferior frontal, precentral, postcen-
tral, supramarginal, superior temporal, and middle temporal
gyri grey matter volume. This subgroup also had reduced
white matter volume across the right hemisphere. In con-
trast, the relatively intact cognitive subgroup had grey matter
volume reductions only in the middle frontal and posterior
cingulate gyrus, and generalised, but minimal white matter
volume reductions.

Gould et al. (2014) took a data-driven approach and
applied support vector machine classification (using 200
resample iterations and leave-two out cross validation) to
grey and white matter volume, separately and collectively,
to determine if their cognitive subgroups of SSD patients
were neuroanatomically different from healthy controls.
This approach was able to distinguish cognitively impaired
patients from healthy controls with 72% (grey and white
matter volume), 70% (grey matter volume only), and 64%
(white matter volume only) accuracy. Similarly, the rela-
tively intact cognitive subgroup was distinguished from
healthy controls with 67% (grey and white matter volume),
63% (grey matter volume only), and 59% (white matter vol-
ume only) accuracy. That is, the analysis was able to accu-
rately distinguish between each of the subgroups and healthy
controls at a rate higher than chance, based on the grey,
white, and combined grey and white matter profiles.

In Alonso-Lana et al. (2016) sample of BD patients, the
relatively intact cognitive subgroup showed a significant
reduction in right precentral gyrus grey matter volume in
comparison to healthy controls. The relatively intact cogni-
tive also showed clusters of significantly reduced white mat-
ter volume bilaterally, from the inferior occipito-frontal and
uncinate fasciculus to the genu of the corpus callosum, and

in a small cluster adjacent to the inferior frontal cortex. For
unspecified reasons, no comparisons of either grey or white
matter volume were made between the cognitively impaired
BD subgroup and healthy controls.

In comparing a cross-diagnostic SSD and BD sample
with healthy controls, Shepherd et al. (2015) reported that
the cognitively impaired subgroup had grey matter reduc-
tions in the bilateral superior and medial frontal gyri, right
inferior opercular gyri, and hippocampus, while the rela-
tively intact cognitive subgroup had grey matter reductions
in the right precuneus, and left superior and medial orbital
frontal gyri. With regards to white matter, there were no
significant differences between cognitive subgroups and
healthy controls.

In comparing between cognitive subgroups themselves,
Rusch et al. (2007) reported that compared to their rela-
tively intact cognitive subgroup, their cognitively impaired
subgroup had significantly reduced dorsolateral prefrontal
cortex volume bilaterally. Similarly, Poletti et al. (2014)
reported that their impaired subgroup had reduced inferior
frontal gyrus volume. Contrary to these findings, Torres
et al. (1997), Wexler et al. (2009), Ortiz-Gil et al. (2011),
Guimond et al. (2016), and Alonso-Lana et al. (2016) did
not find any significant grey matter volumetric differences
between cognitive subgroups despite finding volumetric dif-
ferences between these subgroups and healthy controls. Of
these studies, only Wexler et al. observed significant differ-
ences in white matter volume between their cognitive sub-
groups; the cognitively impaired subgroup had significantly
reduced white matter volume to the relatively intact cogni-
tive subgroup in sensorimotor and parietal-occipital regions.

With respect to SSD subgroups formed by data-driven
methods, Gould et al. (2014) showed that cognitively
impaired and relatively intact subgroups could be distin-
guished at a rate higher than chance using combined grey
and white matter volume (56%) and grey matter volume
only profiles (59%), but not white matter volume. When the
subgroups were separated based on sex, this accuracy was
similar for males (60% for grey and white volume, and 58%
for grey matter volume only) but was further increased for
females (83% for grey and white volume, and 65% for grey
matter volume only). When stratified by sex, white matter-
only profiles could also distinguish groups with much higher
accuracy (77%), suggesting that sex differences in brain mor-
phology are especially important for understanding relation-
ships with cognitive performance in psychotic disorders.

In the only study with a RO-SSD sample, Ayesa-Arriola
et al. (2013) examined brain volumetric differences at two
timepoints, baseline and a three year follow-up. At baseline
patients were classified into subgroups, and there were no
significant differences between relatively intact and impaired
cognitive subgroups in whole brain volume, and total, cor-
tical, and subcortical grey and white matter. However, at
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Records identified through

database searching and reference

list searching
(n=1486)

N

A

Titles and abstracts screened
(n=1486)

Records excluded according to stage one

N AN

( Eligibility )( Screening ) (Identiﬁcation >

> requirements (n = 1248)
Full-text articles assessed for
eligibility
(n=238)
Records excluded due to:
No cognitive subgroups (7 = 212)
Other cohorts combined in sample (n = 2)
No examination of brain morphology in cognitive
subgroups (n = 3)
Non-MRI methods (n = 1)
= . -
= Studies 1nc1ud§d in literature Two cognitive subgroups (7 = 12)
_3 review Three cognitive subgroups (n = 6)
k= (n=20) Four cognitive subgroups (n = 2)
Fig.2 Flowchart of study selection
follow-up, the cognitively impaired subgroup exhibited sig-  not include a healthy control group, thus comparisons with

nificantly lower total grey matter and parietal lobe volume  normative change were not reported.
than the relatively intact cognitive subgroup. This study did
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Lastly, in the cross-diagnostic study by Shepherd et al.
(2015), between-subgroup comparisons revealed significant
reductions in the right inferior frontal, precentral, and post-
central gyri in the cognitively impaired subgroup compared
to the relatively intact cognitive subgroup. No significant
differences in white matter volume were evident between
subgroups.

Cortical Thickness (Two Subgroup Studies)

Three of the 12 studies with two cognitive subgroups com-
pared the cortical thickness of cognitive subgroups to that of
healthy control samples. Colibazzi et al. (2013) reported that
both cognitively impaired and relatively intact subgroups
had thicker perisylvian cortices, but thinner superior frontal
gyri relative to healthy controls. Cobia et al. (2011) also
reported significantly thinner frontal, temporal, occipital
and parietal lobes in the cognitively impaired group com-
pared to healthy controls, specifically in the pars orbitalis,
lateral orbital gyrus, posterior superior frontal, primary and
association sensorimotor cortices, lateral occipital, superior
parietal, paracentral, cuneus, lingual, parahippocampal,
fusiform, insula, and supramarginal regions. In contrast,
those with relatively intact cognition were not significantly
different to healthy controls in these vertex-wise analyses.
This pattern of quite generalised and widespread thick-
ness reductions in the more impaired subgroup relative to
controls was consistent with the findings of Guimond et al.
(2016), who also identified significantly thinner left infe-
rior frontal, orbito-frontal, and precentral gyri, and bilateral
parahippocampal gyri in their cognitively impaired subgroup
compared to healthy controls. The relatively intact cognitive
subgroup in this study was found to have thinner cortices,
limited to bilateral parahippocampal gyri and precentral gyri
regions.

Comparing the cognitive subgroups to each other,
Guimond et al. (2016) reported that their cognitively
impaired patients displayed significantly thinner cortex in
the medial, inferior, and occipital frontal gyrus, precen-
tral gyrus, and parahippocampal gyrus compared to the
relatively intact subgroup. Similarly, Cobia et al. (2011)
observed the cognitively impaired subgroup to have sig-
nificantly thinner cortex in bilateral temporal and occipi-
tal, and right parietal regions. With due consideration, the
between-subgroup findings reported by Guimond et al.
(2016) must be interpreted with caution, as they did not
correct for multiple comparison in subgroup analyses. In
contrast to these findings, Colibazzi et al. (2013) found no
significant differences in cortical thickness between rela-
tively intact and impaired cognitive subgroups.

Findings from Analyses of Three Cognitive
Subgroups

Summary

Six studies identified three cognitive subgroups, of which
five used predetermined cognitive cut-off scores to derive
the subgroups (Czepielewski et al., 2017; Ho et al., 2020;
Vaskinn et al., 2015; Woodward & Heckers, 2015; Yasuda
et al., 2020) and one used a data-driven approach (Van
Rheenen et al., 2018). The majority of studies investigated
putative cognitive symptom trajectories, derived from esti-
mated premorbid and current IQ scores. These subgroups
were considered to be cognitively preserved, compromised,
or deteriorated in comparison to healthy controls.

On the other hand, Vaskinn et al. (2015) used full scale
1Q scores to delineate subgroups that reflected normal, supe-
rior, and low intellectual functioning versus healthy controls,
although the intellectually low subgroup was excluded from
their analyses. Of these six studies, two examined volume
only (Woodward and Heckers, Yasuda et al.), two exam-
ined volume and cortical thickness (Czepielewski et al., Ho
et al.), and two examined volume, cortical thickness, and
cortical surface area (Van Rheenen et al., 2018; Vaskinn
et al., 2015). The Vaskinn et al. study reported no signifi-
cant differences between SSD subgroups and healthy con-
trols, or between SSD subgroups themselves with respect to
brain volume, cortical thickness, or surface area. Thus, the
following sub-sections synthesise the findings of the other
five studies only. Furthermore, as Ho et al.’s compromised
subgroup comprised only six participants, it was excluded
from all analyses.

Volume (Three Subgroups)

Relative to healthy controls, all subgroups in the study of
Van Rheenen et al. (2018) were reported to have signifi-
cantly less total grey matter, whilst both Czepielewski et al.
(2017) and Yasuda et al. (2020) observed significantly less
volume in total and cortical grey matter in their compro-
mised or deteriorated subgroups only. Yasuda et al. also
reported reduced total brain volume in their deteriorated
subgroup, whereas Czepielewski et al. indicated that their
compromised subgroup had smaller absolute total brain and
intracranial volume than their healthy controls. This finding
contrasted Van Rheenen et al.’s observation that neither of
these brain measures differed between any cognitive sub-
group and healthy controls. However, when intracranial vol-
ume was adjusted for total brain volume, Van Rheenen et al.
observed significant reductions in all subgroups compared to
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healthy controls. A reduction of this nature was observed in
only the cognitively preserved subgroup in the Czepielewski
et al. study.

In terms of white matter volume, Van Rheenen et al.
observed no significant differences in white matter volume
between all three subgroups and healthy controls, whilst
Czepielewski et al. observed larger white matter volumes in
the compromised and deteriorated subgroups.

In their regional analyses, Yasuda et al. (2020) reported
reductions relative to healthy controls in both of their sub-
groups, across the hippocampus bilaterally, left precentral
gyrus, right rostral middle frontal gyrus, and superior frontal
gyrus bilaterally. Uniquely in their deteriorated subgroup,
Yasuda et al. observed significantly reduced bilateral fusi-
form gyrus, bilateral superior temporal gyrus, right middle
temporal gyrus, bilateral parahippocampal gyrus, left insula,
right inferior parietal lobule, left pars orbitalis gyrus, bilat-
eral pars triangularis, and right medial orbitofrontal cor-
tex. Van Rheenen et al. (2018) also reported that relative
to healthy controls, all subgroups had less volume of the
left inferior parietal cortex, right supramarginal gyrus, and
bilateral volume of the hippocampus, frontal pole, middle
temporal gyrus and pars orbitalis. Further, Van Rheenen
et al.’s compromised and deteriorated subgroups showed sig-
nificant reductions in right precentral gyrus and left lateral
orbitofrontal regions, whilst these subgroups in the study
by Czepielewski et al. (2017) had reduced anterior insula
volumes.

In their compromised subgroup only (relative to healthy
controls), Van Rheenen et al. also identified specific bilateral
reductions in the rostral middle frontal region, and left tem-
poral pole, inferior temporal, superior frontal, and parahip-
pocampal gyri, and the right lateral occipital and superior
temporal gyri, right lateral and medial orbitofrontal cortices
and right pars triangularis. They further observed a reduc-
tion in volume that was unique to the preserved subgroup,
and that was found in the left superior temporal gyrus and
right inferior temporal gyrus. Notably, both Van Rheenen
et al. and Yasuda et al., also observed increased volume in
select regions relative to healthy controls; including subcor-
tical structures of the putamen and pallidum in each of Van
Rheenen et al.’s subgroups, and left lateral ventricle, right
putamen, and left pallidum in both Yasuda et al.’s deterio-
rated and preserved subgroups.

In their cross-diagnostic sample of patients with SSD
and BD, Woodward and Heckers (2015) observed that cog-
nitively compromised patients had significantly reduced
intracranial and absolute total brain volume in comparison
with healthy controls, whilst the deteriorated and preserved
subgroup were no different. When analyses were adjusted for
intracranial volume, significant reductions in total brain vol-
ume and total white matter—but not total grey matter—were
now evident in both preserved and deteriorated subgroups,
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and no longer in the compromised subgroup. Similarly, Ho
et al. (2020) observed that after adjusting for intracranial
volume, their cross-diagnostic deteriorated and preserved
subgroups had reduced absolute total brain volume, as well
as total cortical grey matter volume, relative to healthy con-
trols. Furthermore, their deteriorated subgroup also dem-
onstrated reduced total subcortical grey matter and cortical
white matter volume.

In voxel-based morphometry (VBM) analyses in com-
parison to healthy controls, Woodward and Heckers et al.
did not identify any localised changes in grey matter in their
cognitively preserved subgroup. They did however, observe
that both compromised and deteriorated subgroups exhib-
ited reductions of grey matter volume in the thalamus and
medial temporal lobe. Further, the deteriorated subgroup had
a greater magnitude of volume loss in the precentral gyrus,
whereas the compromised subgroup had a greater magni-
tude of volume loss in the left superior temporal gyrus and
cerebellum. In contrast, Ho et al. (2020) reported reduced
bilateral hippocampal volume, reduced thalamic volume
and enlarged ventricles in their deteriorated and preserved
subgroups, and reduced left amygdala in the compromised
subgroup. Longitudinally, Ho et al. reported a significant
subgroup-by-time interaction for the hippocampus volume
bilaterally in the deteriorated subgroup relative to healthy
controls.

With regards to white matter volume compared to healthy
controls, Woodward and Heckers et al.’s preserved subgroup
had reductions in the frontal lobe, beneath the superior and
middle frontal gyri, genu of the corpus callosum, and in
the left medial parietal lobe. In the impaired subgroups, the
deteriorated subgroup had significant white matter reduc-
tions in the centrum semiovale, periventricular regions, lat-
eral ventricles and corpus callosum, while the compromised
subgroup had significant volume loss limited to posterior
periventricular regions, splenium of the corpus callosum,
cerebral peduncles, and pons.

Comparing volume between cognitive subgroups,
Czepielewski et al. (2017) showed that the deteriorated
subgroup had significantly reduced total grey matter and
increased white matter volume compared to the preserved
subgroup. The deteriorated subgroup in the study of Yasuda
et al. (2020) had similar reductions in total and cortical grey
matter volume, as well as bilateral cortical thickness, right
fusiform gyrus, left pars orbitalis gyrus, right pars triangu-
laris, left superior temporal gyrus, and left insula. Increased
right lateral ventricle volume was observed relative to the
preserved subgroup.

Czepielewski et al.’s compromised subgroup also had
significantly reduced global and cortical grey matter vol-
umes and increased white matter volume compared to the
deteriorated and preserved subgroups, reduced total brain
volume and intracranial volume compared to the deteriorated
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subgroup, and smaller insula volume than the preserved sub-
group. In Van Rheenen et al.’s (2018) study, the compro-
mised subgroup had unique volume reductions in the left
and right cortex globally, and regionally in the lateral orbit-
ofrontal, parahippocampal gyrus, temporal pole, and right
pars triangularis compared to the deteriorated and preserved
subgroups. Compromised patients also demonstrated sig-
nificant reductions in global grey matter, as well as regional
volume reductions in the bilateral hippocampus, right lateral
occipital gyrus, and bilateral superior frontal region rela-
tive to the deteriorated subgroup. No significant differences
in white matter volume were observed between subgroups.
Given that patients with a premorbid IQ less than 75 were
not included in this study, it is possible that this resulted
in less pronounced differences between the compromised
subgroup and the other subgroups compared to those seen
in the Czepielewski et al.’s study.

In the study by Woodward and Heckers (2015), their
compromised subgroup had significantly reduced intracra-
nial volume compared to both deteriorated and preserved
subgroups and significantly reduced total brain volume rela-
tive to the preserved subgroup. When volumes were adjusted
for intracranial volume, there were no significant differences
between any of the subgroups in grey, white, or total brain
volume. Ho et al. (2020) observed reduced bilateral hip-
pocampal volume in the deteriorated subgroup, and reduced
amygdala volume in the compromised subgroup, both rela-
tive to the preserved subgroup.

Cortical Thickness (Three Subgroups)

With regards to cortical thickness in cognitive subgroups
compared to controls, Czepielewski et al. (2017) observed
that both the compromised and deteriorated subgroups—and
not the preserved subgroup—had significantly thinner corti-
ces globally. In contrast, Van Rheenen et al. (2018) reported
that all three subgroups exhibited significantly thinner cor-
tices than healthy controls. Further, Yasuda et al. (2020)
observed reduced left and right total cortical thickness in
their deteriorated subgroup. Van Rheenen et al. also car-
ried out regional analyses, indicating widespread thickness
reductions relative to controls in all three groups in the left
rostral anterior cingulate and right supramarginal gyrus, and
broadly across several frontal and temporal regions. Specific
thickness reductions relative to controls were also evident in
the compromised group in the parahippocampus bilaterally,
transverse temporal cortex, left entorhinal, and bank of the
superior temporal sulcus, and in the right inferior parietal
and left supramarginal regions. In the deteriorated subgroup,
reductions in thickness were observed in the right inferior
parietal and caudal anterior cingulate, and the left entorhinal
cortex and precuneus compared to controls, and in the pre-

served subgroup in the right transverse temporal cortex, left
bank of the superior temporal sulcus, and left isthmus of the
cingulate. Both Ho et al. (2020) preserved and deteriorated
subgroups demonstrated widespread thinning across both
frontal and temporal regions, as well as the lateral occipital
gyrus and inferior parietal cortex, relative to healthy con-
trols. Cortical thinning of the lingual gyrus was common to
both deteriorated and compromised subgroups, whilst reduc-
tions of the superior frontal gyrus and lateral orbitofrontal
gyrus were unique to these subgroups, respectively.

When comparison of cortical thickness were conducted
between the subgroups themselves, Czepielewski et al.
(2017) reported that the compromised subgroup had sig-
nificantly thinner cortices compared to the preserved sub-
group. Van Rheenen et al. (2018) on the other hand, did not
find between-subgroup differences in cortical thickness at
a global level. Instead, Van Rheenen et al. observed more
localised regional differences, where the compromised sub-
group had significantly thinner cortices in the left rostral
anterior cingulate and left parahippocampal gyrus relative
to deteriorated and preserved subgroups. The compromised
group also had significantly thinner cortices in the right tem-
poral pole relative to deteriorated patients only. Ho et al.
(2020) reported no between subgroup differences in cortical
thickness, both cross-sectionally and longitudinally.

Cortical Surface Area (Three Subgroups)

Van Rheenen et al. (2018) examined surface area but found
no differences between-subgroup or between any subgroup
and healthy controls.

Findings from Analyses Between Four Cognitive
Subgroups

Summary

Two studies identified four cognitive subgroups, both of
which were derived using data-driven approaches (Geisler
et al., 2015; Weinberg et al., 2016) based on current cogni-
tive functioning. Of these, one examined volume (Weinberg
et al.) and one cortical thickness (Geisler et al.).

Volume (Four Subgroups)

Of the two studies with four cognitive subgroups, only
Weinberg et al. (2016) examined volume in subgroups
relative to healthy controls. They derived four subgroups
reflecting putative cognitive symptom trajectories, namely
putatively preserved, moderately deteriorated, severely
deteriorated and compromised. It should be noted that

@ Springer



Neuropsychology Review

the compromised subgroup was not included in the brain
volume analyses given the small sample numbers in that
subgroup. Relative to healthy controls, the putatively pre-
served and both deteriorated subgroups had significantly
reduced inferior parietal volumes, while reduced insula
volumes were evident only in both deteriorated subgroups.
The most severely deteriorated group also had widespread
volume reductions in several cortical regions compared to
controls, as well as in the hippocampus, total cortex, and
cortical grey and white matter volume.

Regarding volumetric differences between the sub-
groups themselves, Weinberg et al. (2016) observed that
the severely deteriorated group had significantly smaller
banks of superior temporal sulcus, lingual gyrus, and hip-
pocampal volumes compared to the preserved subgroup,
and smaller lingual and supramarginal gyri and superior
temporal volumes compared to the moderately deteriorated
subgroup.

Cortical Thickness (Four Subgroups)

Geisler et al. (2015) identified four differing profiles of cog-
nitive impairment using data-driven clustering analysis of
performance on several cognitive tests. These subgroups
were classified as having diminished intellectual function
diminished verbal fluency; diminished verbal and motor con-
trol, diminished face memory and slowed processing and
diminished intellectual function. In an analysis focusing
primarily on cortical thickness, compared to healthy con-
trols no significant differences were observed in the cluster
with diminished verbal memory and poor motor control.
However, relative to healthy controls, reduced thickness of
the supramarginal gyrus was evident in the subgroup with
diminished verbal fluency; reductions in right hippocampal
volume in the diminished verbal memory and poor motor
control subgroup; and reductions in cortical thickness in
the lingual gyrus, occipital lobe, left superior frontal, ros-
tral anterior cingulate, and middle temporal gyrus, in the
subgroup with reduced face memory and processing speed.
Widespread thickness reductions across both hemispheres
were also evident in the subgroup with diminished intellec-
tual function. The only significant between-subgroup differ-
ence was observed between this subgroup and the subgroup
with diminished verbal fluency, with former subgroup char-
acterised by a significantly thinner right precentral region.
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Discussion

This review aimed to synthesize the evidence for differences
in brain morphology between cognitive subgroups of SSD
and BD, when examined in each disorder separately and
cross-diagnostically. The identification of morphological dif-
ferences between cognitive subgroups and healthy controls
may be helpful to identify and differentiate specific brain
morphological abnormalities more heavily associated with
1) cognitive impairment, ii) the presence of SSD or BD, and
iii) a compounding effect of both cognitive impairment and
disease presence (Fig. 1a-c). It can also provide insight into
whether the cognitive subgroups exhibit distinct patterns of
brain morphology, or if brain morphological abnormalities
in the subgroups follow a pattern of graded severity that
accords with the extent of cognitive impairment. Our discus-
sion of the findings in this context should be interpreted with
the knowledge that there was a high degree of methodologi-
cal heterogeneity between studies.

Evidence for Brain Morphological Abnormalities
more Heavily Associated with Cognitive
Impairment, Independent of SSD or BD Disease
Presence

In the absence of morphological differences between patients
with relatively intact cognition and healthy controls, signifi-
cant differences in the same measures between cognitively
impaired patients and both of these groups can reveal which
specific brain regions are more heavily associated with cog-
nitive impairment, independent of the presence of SSD-BD
spectrum disorders (Fig. 1a). Seven unique studies showed
a pattern of significant differences in specific measures of
brain morphology between cognitively impaired and intact
patients, cognitively impaired patients and healthy controls,
but not between healthy controls and the cognitively intact
subgroup. Thus, there appear to be some specific, albeit lim-
ited, brain abnormalities that may be more strongly associ-
ated with cognitive impairment independent of SSD or BD
diagnosis.

Indeed, cognitive impairment was found to be more
strongly associated with thinner cortex in the frontal lobe
globally and in the left middle frontal and orbitofrontal gyri
(Guimond et al., 2016), as well as reduced white matter vol-
ume across the dorsolateral prefrontal, orbitofrontal, premo-
tor, sensorimotor, and subgenual cingulate cortex (Wexler
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et al., 2009). It was also specifically associated with thinner
temporal cortex globally (Cobia et al., 2011) and reduced
grey matter volume of the hippocampus and banks of the
superior temporal gyrus (Weinberg et al., 2016), as well as
thinner left and right occipital cortex (Cobia et al., 2011),
reduced grey matter volume of the lingual gyrus bilaterally
(Weinberg et al., 2016), increased lateral ventricle volume
(Yasuda et al., 2020), and reduced white matter volume
of the parietal-occipital region bilaterally (Wexler et al.,
2009). Reduced grey matter volume of the anterior insula
(Czepielewski et al., 2017) and thinner cortex in the right
parietal lobe were also associated with cognitive impair-
ment (Cobia et al., 2011). Further, cognitive impairment was
associated with reductions in total and cortical grey matter
volume, bilateral and total cortical thickness (Czepielewski
et al., 2017; Yasuda et al., 2020), total and cortical white
volume (Czepielewski et al., 2017), as well as intracranial
and total brain volume (Woodward & Heckers, 2015).

Six of the above seven studies characterized their cogni-
tive subgroups based on current IQ performance or perfor-
mance on a cognitive battery across many domains, such
that they were relatively comparable in terms of cognitive
impairment being generalized across domains. Although the
occipital lobe (broadly) was uniquely associated with cog-
nitive impairment in three separate studies, no two studies
observed the same finding regarding specific brain regions
uniquely associated with cognitive impairment. However,
both Yasuda et al. (2020) and Czepielewski et al. (2017) did
highlight total cortical grey matter volume and total corti-
cal thickness as being more strongly associated with cogni-
tion. Notably, there were no findings relating to subcorti-
cal regions, or cortical surface area. Reductions in cortical
thickness, rather than brain volume, were more commonly
associated with cognitive impairment, a pertinent finding
given that the number of studies in this review examining
cortical thickness were less than half the total.

Evidence for Brain Morphological Abnormalities
Associated with SSD or BD Disease Presence,
Independent of Cognitive Impairment

In the absence of specific brain morphology differences
between cognitive subgroups themselves, significant dif-
ferences in these regions between cognitive subgroups and
healthy controls can reveal which brain morphology meas-
ures are associated with SSD or BD disease presence irre-
spective of cognitive impairment (Fig. 1b). Eleven unique
studies reported findings meeting these criteria. In the fron-
tal region, grey matter volume reductions uniquely associ-
ated with psychiatric disease were observed in the frontal
pole and pars orbitalis (Van Rheenen et al., 2018), left
medial and superior frontal gyrus (Colibazzi et al., 2013;
Shepherd et al., 2015), and middle frontal gyrus. Widespread

thinner cortex across the left and right frontal lobe was also
associated (Cobia et al., 2011). In the parietal region, grey
matter reductions uniquely associated with psychiatric dis-
ease were evident in the left and total inferior parietal lobe
(Van Rheenen et al., 2018; Weinberg et al., 2016) as well as
the right supramarginal gyrus (Van Rheenen et al., 2018).
In the temporal lobe, grey matter volume reductions were
observed in the hippocampus and middle temporal gyrus
(Van Rheenen et al., 2018), as well as reductions in thickness
of the hippocampus (Guimond et al., 2016). Increased third
ventricle compartment volume was also uniquely associated
(Wexler et al., 2009), as were reductions in total cortical grey
matter (Ho et al., 2020), total grey matter volume (Ho et al.,
2020; Rusch et al., 2007; Wexler et al., 2009; Woodward
& Heckers, 2015), intracranial volume (Van Rheenen et al.,
2018), total brain volume (Czepielewski et al., 2017),
total brain volume correcting for intracranial volume
(Czepielewski et al., 2017; Ho et al., 2020; Woodward &
Heckers, 2015) and total white matter volume (Woodward &
Heckers, 2015). Increased cortical thickness of the perisyl-
vian cortex (Colibazzi et al., 2013) and increased volume of
the pallidum and putamen (Van Rheenen et al., 2018) were
also uniquely associated with psychiatric disease.

Across the ten studies, frontal lobe grey matter volume
was associated with SSD or BD across five different studies,
although there was no consistency in the specific region.
Two studies were consistent in their implication of inferior
parietal lobe grey matter volume reductions. Similarly, con-
sistency between studies was found in global measures such
as total grey matter volume (four studies) and total brain
volume (corrected for intracranial volume; three studies). In
comparison with the findings relating to brain morphology
uniquely associated with cognitive impairment, the occipital
lobe did not appear to be uniquely associated with the pres-
ence of disease. There was more evidence for an association
of SSD or BD presence with grey matter volume reductions
compared with reductions in cortical thickness, while sur-
face area was not implicated at all.

Evidence for brain morphological abnormalities
reflecting the interactions of SSD or BD disease
presence and cognitive impairment

Significant morphological abnormalities in both cogni-
tively impaired and relatively intact subgroups compared to
healthy controls and in the same regions between these cog-
nitive subgroups themselves, may be indicative of an inter-
action between the presence of cognitive impairment and
SSD and BD presence (Fig. 1c). Accordingly, four unique
studies, all in SSD samples with two cognitive subgroups,
reported findings that suggest a compounding effect of cog-
nitive impairment in the presence of disease, as indicated by
the graded effect of differences (in terms of effect size), in
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which the cognitively impaired subgroup had greater mor-
phological deficits than the subgroup with relatively intact
cognition, who in turn, had significantly greater deficits
relative to healthy controls. These studies implicate corti-
cal thickness of the left temporal lobe (Cobia et al., 2011),
including the left precentral gyrus, parahippocampal gyrus
(Guimond et al., 2016); as well as grey matter volume of
the left dorsolateral prefrontal cortex grey matter volume
(Rusch et al., 2007) and total grey, white, and whole brain
volume (Gould et al., 2014). The evidence for this graded
severity effect is relatively limited as there was no replica-
tion of effects of specific regions in which the effect was
evident across studies.

In contrast to evidence of a severity grading in some stud-
ies, there were also limited studies reporting brain morphol-
ogy patterns that were unique to particular cognitive sub-
groups. Indeed, four studies identified relationships in which
the cognitively intact subgroup had morphological reduc-
tions relative to healthy controls that were not found when
comparing the healthy controls and cognitively impaired
patients. These include cortical thickness reductions in the
right precentral gyrus (Guimond et al., 2016) and supra-
marginal gyrus (Geisler et al., 2015), and grey matter vol-
ume reductions in the right precuneus, right angular gyrus
(Shepherd et al., 2015), and left superior and right inferior
temporal gyri (Van Rheenen et al., 2018). However, it should
be noted that beyond these four studies, the majority of these
regions were affected in cognitively impaired subgroups in
the broader literature. While the cognitively intact subgroup
did not have significantly greater reductions than cognitively
impaired patients in any circumstance, only the reductions
in grey matter volume of the right angular gyrus (Shepherd
et al., 2015) and cortical thickness of the right inferior tem-
poral gyrus (Van Rheenen et al., 2018) were truly unique to
cognitively intact patients across all studies. It is unlikely
that these findings provide any evidence of true biological
distinction in this subgroup, given the limited brain regions
implicated. Instead, they may reflect the manifestation of
individual differences in ‘cognitive reserve’; which has
recently been empirically implicated in psychiatric disor-
ders, and used to explain findings in in which more severe
underlying brain pathology has been found in individuals
with relatively minor clinical indicators of illness compared
to those with much more severe symptoms (Leeson et al.,
2011; Stern, 2012; Van Rheenen et al., 2019).

Considerations and Future Directions
Through the synthesis of this review, a main challenge
encountered was the high degree of methodological het-

erogeneity across all 20 studies. This heterogeneity broadly
encompassed sample characteristics related to sample size,
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statistical methods used to define the subgroups, and also
considerable variation in neuroimaging parameters, includ-
ing the regions and indices of brain morphology under
investigation, and brain atlases used to segment and label
the brain. Indeed, several brain atlases, including the Desi-
kan-Killiany, Destrieux or atlases otherwise unstated, were
used across studies, which interfered to some extent in com-
parisons of regional effects across studies. Hence, the lack
of consistency in findings across studies is not necessarily
unexpected. Further, the sample sizes in some studies were
relatively low, and different studies used different strengths
of MRI scanner. Relevantly, some more recent studies used
3 Tesla scanners (Guimond et al., 2016; Poletti et al., 2014,
Shepherd et al., 2015; Weinberg et al., 2016; Woodward &
Heckers, 2015), which have greater spatial resolution and
contrast detection than the 1.5 Tesla magnets used in the
majority of studies. Notably, a 1.5 Tesla scanner was used
in each study in which an absence of between-subgroup dif-
ferences in brain morphology were observed (Alonso-Lana
et al., 2016; Ayesa-Arriola et al., 2013; Colibazzi et al.,
2013; Ortiz-Gil et al., 2011; Torres et al., 1997; Vaskinn
et al., 2015; Wexler et al., 2009). It is possible that subtle
between-subgroup differences were unable to be detected
in these studies due to scanner strength rather than a true
absence of differences. In light of these points, it is recom-
mended that future studies on this topic strive for sufficient
power and use higher resolution neuroimaging parameters.

Notably, a very limited number of studies examining
recent onset SSD/BD and established BD samples, surface
area or incorporating a longitudinal design were included
in this review. This reflected a relative absence of studies of
this type in the extant literature, rather than an inability of
studies of this nature to meet our inclusion/exclusion crite-
ria. Indeed, of the 20 studies examined, only two included
surface area analyses (Van Rheenen et al., 2018; Vaskinn
et al., 2015). Both of these studies focused on SSD samples
and reported an absence of any differences between cogni-
tive subgroups and healthy controls, as well as between-
subgroup differences themselves. However, it is difficult
to draw firm conclusions regarding the way in which sur-
face area maps to different cognitive subgroups without an
adequate number of studies in which it is measured. Thus,
future research on this topic should endeavor to index this
measure of brain morphology. Furthermore, the literature
was predominantly focused on cross-sectional established
SSD studies, with only two studies longitudinal in design
(Ayesa-Arriola et al., 2013; Ho et al., 2020), one examined a
recent-onset sample (Ayesa-Arriola et al., 2013), one exam-
ined a BD cohort explicitly (Alonso-Lana et al., 2016), and
only two included BD patients alongside those with a SSD in
cross-diagnostic analyses (Shepherd et al., 2015; Woodward
& Heckers, 2015). Whilst this review did provide some pre-
liminary evidence to suggest that cross-diagnostic SSD and
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BD studies mirror findings from studies of SSD explicitly,
generalizing the findings to BD more generally is problem-
atic without further research.

Also of note is that the conclusions drawn on the basis of
the models in Fig. la-c relate to the presence or absence of
statistically significant group differences and not the mag-
nitude of effects. Few studies reported effects sizes for all
comparisons irrespective of statistical significance, but it
should be noted that inequality in the magnitude of effects
could change the strength of evidence for a given pattern of
findings. Similarly, conclusions drawn on the basis of cer-
tain patterns of findings assume the use of a healthy control
sample. However, several studies did not include healthy
controls in their analyses (Ayesa-Arriola et al., 2013; Poletti
et al., 2014; Torres et al., 1997), or did not conduct analyses
between healthy controls and certain subgroups for varying
reasons (Alonso-Lana et al., 2016; Ortiz-Gil et al., 2011;
Weinberg et al., 2016). Thus, the findings of these studies
were unable to be well-integrated.

Moving forward, greater emphasis on BD and recent-
onset studies, comprehensive analyses relative to healthy
controls, those with a longitudinal design, and those explic-
itly reporting effect sizes for all comparisons will provide
more insight into the association between brain morphology
and cognition in SSD and BD. Further, as the scope of this
review was limited to structural imaging analyses assessing
brain volume, cortical thickness, and cortical surface area,
future reviews of other aspects of brain morphology or brain
function would be useful.

Limitations

The findings of this review should be interpreted with the
following limitations in mind. Only one author conducted
title and abstract screening. Although this was a logisti-
cal issue rather than an issue by design, it is important to
consider that screening by a single author may increase the
risk of overlooking relevant studies to include in the review.
The review was also not pre-registered, and the search was
limited to two databases only. Although we intentionally
included broad search terms and criteria to capture all of
the relevant papers, it remains possible that some relevant
studies were missed in the search process. Further, in the
interests of being comprehensive, we also did not consider
clinical and demographic factors in our eligibility criteria or
results stratification, nor did we consider specific methodo-
logical approaches or measures used to define the cognitive
subgroups. However, recent empirical evidence does suggest
that cognitive subgroups of SSD and BD are not artefacts of
the cognitive measures from which they arise (Karantonis
et al., 2020). Nonetheless, caution is warranted in interpret-
ing the findings of this review as the validity of inferences

drawn from the compilation of cognitive subgroups defined
by different cognitive measures is not established. Finally,
studies examining social cognitive subgroups were excluded
to achieve a focus solely on ‘cold’ cognition. Future research
may wish to include studies pertaining to other facets such
as emotion processing or theory of mind to develop a more
holistic understanding of brain morphological characteristics
related to ‘hot’ cognition.

Conclusion

In summary, this review synthesized the findings from 20
available studies examining brain morphological character-
istics of independent and cross-diagnostic samples of recent-
onset and established SSD and BD. The majority of studies
were focused on SSD samples and included measures of
brain volume or thickness but not surface area. There was
some evidence for widespread brain abnormalities associ-
ated with the presence of SSD or BD irrespective of cogni-
tive impairment, including most consistently, in grey matter
volume of the frontal lobe, inferior parietal lobe, and total
brain and grey matter volume. In contrast, abnormalities in
specific brain regions more strongly associated with cogni-
tive impairment independent of SSD or BD disease pres-
ence were much more constrained. There was some evidence
that cortical thickness was more strongly linked to cogni-
tive function than disease state, and also some evidence of a
severity grading effect, in which more severely cognitively
impaired patients demonstrated a greater magnitude of brain
structural abnormality compared to patients with better cog-
nition. Taken together, the above findings do not provide
strong evidence that cognitive subgroups of SSD or BD map
to unique patterns of brain morphology. However, there is
some preliminary evidence that cortical thickness may be
more strongly tied to cognitive functioning, whilst volumet-
ric deficits may be largely tied to the presence of disease.
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