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The Power of Collaboration and Data
Aggregation
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The field of psychiatric genetics moved forward by leaps and
bounds when it deployed its efforts toward aggregating sam-
ples and conducting analyses on larger and larger datasets,
allowing well-powered and unbiased identification of risk al-
leles for schizophrenia and other disorders (1). The Enhancing
Neuroimaging Genetics through Meta-analysis (ENGIMA)
consortium is helping to create this type of major field change
for work on the structural variation associated with psychiatric
disorders, including schizophrenia, bipolar disorder, and
depression. The article by van Erp et al. (2) in this issue of
Biological Psychiatry is a strong example of the significant
utility of aggregating samples across many datasets and using
meta-analysis and metaregression to address questions about
the relationship between structural variation and psychopa-
thology (2). In particular, this collaborative analytic approach
allows for well-powered whole-brain analyses of neuroimaging
data that engender a similar type of “unbiased” search for
structural correlates of schizophrenia as has been done with
genetics. Many have argued that this type of approach is
critical for generating both more definitive and potentially novel
insights into the structural variation associated with disorders
such as schizophrenia. This is not the first time that either in-
dividual studies or even meta-analyses have examined whole-
brain analyses of volume or thickness differences among
individuals with schizophrenia. For example, a recent meta-
analysis by Haijma et al. (3) included data from 18,000 partic-
ipants to examine whole-brain analyses of volume data in
schizophrenia (3). However, the work by van Erp et al. (2) ex-
tends beyond previous meta-analyses in two important ways.
First, all data included in this meta-analysis were processed
using the same approach, which helps reduce error variance
associated with differences in preprocessing across studies.
Second, this is the first such meta-analysis that reports on
thickness and surface area, two different components that
contribute to cortical volumes.

The findings regarding differential patterns of impaired
surface area and thickness deficits in schizophrenia are one of
the novel contributions of this meta-analysis. Research on
surface area alterations associated with schizophrenia has
received relatively little attention compared with the work on
volume and thickness. van Erp et al. (2) show that there are
widespread reductions in surface area found in schizophrenia,
with little evidence for regional specificity or relationships to
medication status or dose. This pattern contrasted strongly
with the findings for cortical thickness, which although also
broadly reduced in schizophrenia did show robust evidence
for regional specificity (i.e., greater in some frontal and tem-
poral regions) and consistent relationships to medication
SEE CORRESPONDING A

ª 2018 Society of Biological Psychiatry.
ical Psychiatry November 1, 2018; 84:626–628 www.sobp.org/journ
status (greater reductions in individuals taking antipsychotics)
and individual difference factors, such as antipsychotic dose,
symptom severity, illness duration, and age of onset. This
dissociation is not surprising given that development and
variation in cortical thickness and surface area are driven by
dissociable genetic (4), evolutionary (5), and neurobiological
mechanisms (6) and show different trajectories across neuro-
development (7). Early in life, surface area expansion reflects
at least in part the generation of cortical columns while
thickness may reflect the creation of neurons within these
columns (6). In typical development, thickness trajectories may
be the primary contributor to changes in volume during
adolescence (7), hypothesized to reflect at least in part syn-
aptic pruning. If so, one speculative hypothesis is that the
relationships of cortical thickness to age of onset and illness
duration found by van Erp et al. (2) might reflect the timing and
onset of putative aberrations in synaptic pruning that may
contribute to the onset of psychosis, but more work is needed
to determine what triggers the timing of the onset of such
alternations.

Additional important implications of the van Erp et al. (2)
meta-analysis come from what they did not find as much as
what they did find. As illustrated in Figure 1, an intriguing 2015
meta-analysis by Goodkind et al. (8) examined the common
structural differences found across psychiatric disorders,
including psychotic and nonpsychotic disorders. This meta-
analysis identified the dorsal anterior cingulate and the bilat-
eral insula as regions that showed reduced volume across the
spectrum of psychopathology, suggesting that such impair-
ments reflected the structural correlates of the “p” factor of
general psychopathology. These regions form part of the
cingulo-opercular network thought to be important for cogni-
tive control (9), and Goodkind et al. (8) hypothesized that these
shared structural deficits might reflect common deficits in
cognitive control systems across forms of psychopathology.
The van Erp et al. (2) meta-analysis also clearly identified
structural differences in the bilateral insula. In terms of thick-
ness, both the right and left insula showed reductions that
exceeded the magnitude predicted by the mean thickness
reduction, and both the right and left insula were correlated
with age of onset (positively) and illness duration (negatively).
Further, insula thickness reductions were present even among
unmedicated individuals, with among the large effect sizes.
There were also surface area reductions in the bilateral insula,
but as noted above, no regions showed a decrease in surface
area that was disproportionate to the mean surface area re-
ductions. In contrast, the dorsal anterior cingulate [best
captured by the caudal anterior cingulate label by van Erp et al.
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Goodkind et al., 2015
• Reduced volume in affective & non-affective psychosis 
Van Erp et al., 2018
• Thickness reductions greater than what would be predicted by whole brain reduction
• Robust effect sizes in unmedicated individuals with schizophrenia
• Positive correlation with age of onset and negative correlation with illness duration

Goodkind et al., 2015
• 
Van Erp et al., 2018
•

•

•

Reduced volume in affective & non-affective psychosis 

Reduced thickness and surface area, but not disproportionate 
to whole brain reductions
Greater thickness reductions in medicated individuals with 
schizophrenia and correlated with medication dose
Small effect sizes in unmedicated individuals with 
schizophrenia

Cingulo-opercular cognitive control network in schizophrenia

Common

Insula

Figure 1. Relationship between results in van Erp
et al. (2) and Goodkind et al. (8).
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(2)] did not show disproportionate reductions in either thick-
ness or surface area, showed little evidence of reduction in
unmedicated individuals with schizophrenia, and was not
associated with age of onset or illness duration. The caudal
anterior cingulate parcellation is large and includes several
potentially dissociable regions (e.g., Brodmann area 32 and
parts of Brodmann area 24), and it is possible that a region
more centrally focused on the dorsal anterior cingulate (e.g.,
Brodmann area 32) would have revealed clearer evidence for
disproportionate thickness reductions. Nonetheless, the cur-
rent results suggest possible important dissociations between
the nature of structural deficits in the insula versus the dorsal
anterior cingulate and their potential role in risk factors asso-
ciated with transdiagnostic psychopathology.

Another domain of interesting null results was the absence
of any interactions between diagnostic group and sex, sug-
gesting similar structural deficits among males and females
with schizophrenia. This result contrasts with some reviews of
the literature (10), which suggest evidence for greater structural
deficits in males than females with schizophrenia, particularly
in frontal and temporal regions. As such, the absence of any
significant interactions with sex might be seen as surprising.
However, the literature on sex differences in brain structure
and function in schizophrenia, as well as many other disorders,
has been mixed. This is in part because few studies were
directly designed to test for sex or gender differences, and
most analyses are post hoc and subject to the many spurious
positive finding biases associated with post hoc and often
underpowered analyses. However, on the other hand, some of
the putative sex differences in brain structure or function in
schizophrenia have been argued to reflect altered patterns of
lateralization that might relate to normative sexual di-
morphisms. van Erp et al. (2) did not specifically examine in-
teractions with hemisphere, and thus it is possible that a
different approach to data analysis might reveal greater evi-
dence for sex differences.

The type of large-scale diagnostic group comparisons
enabled by data aggregation collaborations such as ENIGMA
are making critical contributions to our understanding of the
most robust and consistent alterations in brain structure found
Biological Psyc
in schizophrenia and other forms of psychopathology. This
may be just the first step in the types of analyses empowered
by this type of data aggregation. For example, to date, the
ENIGMA analyses in schizophrenia have focused on brain
structure, including both T1-weighted imaging and diffusion
tensor imaging. This focus makes sense, because these types
of imaging modalities have reasonable evidence for the ability
to harmonize across sites and platforms. However, future work
may focus on the aggregation of brain function measures in
psychopathology, such as resting-state functional magnetic
resonance imaging or electroencephalography. In addition,
there has been much debate in the literature about the chal-
lenges of traditional categorical classification systems. The
ENIGMA consortium has moved beyond solely examining
categorical comparisons by examining variation in brain
structure associated with variation in symptom severity within
schizophrenia, such as negative and positive symptoms. A
next important step will be to examine these types of associ-
ations transdiagnostically, as well as many potential others for
which there might be consistent data across samples (e.g.,
substance use, physical health, birth trauma, life stress, so-
cioeconomic status). The power of the large sample sizes
afforded by data aggregation would allow critical tests of
whether such dimensional relationships hold across putative
diagnostic boundaries, a key question that few individual
studies have sufficient power to answer in a definitive fashion
but that is fundamental to moving toward a modern empirical
approach to nosology.
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