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Support continues to grow for the idea that schizophrenia, 
as we know it, is not a discrete illness but rather a gener-
alized symptom of brain dysfunction. Distinct groups of 
individuals, sharing some common symptoms, may be af-
fected by different underlying pathophysiology. This idea 
is driven by a number of factors, including clinical obser-
vations suggesting a wide variation in patient phenome-
nology, course, demographics, and prognosis (eg, deficit 
syndrome1). Further support comes from a series of new 
studies that have adopted unsupervised machine learning 
approaches and generated compelling evidence to suggest 
biological and clinically relevant discrete biotypes2 as well 
as clinical high-risk (CHR) subtypes.3 Of course, as noted 
above, there are common symptom phenotypes across 
schizophrenia, irrespective of any subgroups, and there is 
a reasonable argument to be made that these are central 
to diagnostic systems and in communicating the clinical 
experience. A range of brain abnormalities is also widely 
observed in psychosis, and the extent to which these 
map on to specific symptoms or functions, or give rise 
to broader constellations of clinical features, remains an 
open question. Clouding this picture, findings may also 
relate to compensatory mechanisms or to any number of 
confounds that separate schizophrenia from neurotypical 
controls. It is presently unclear whether particular brain 
abnormalities contribute to particular subtypes, or reflect 
or contribute to dimensions that cut across the schizo-
phrenia spectrum. The truth is that this is all very com-
plicated and that these possibilities are not mutually 
exclusive; in all likelihood each is probably correct and 
revealing. But how then can we embrace this complexity 
and move forward?

As a field, we have continued to be limited by our avail-
able tools and approaches. For example, while biotyping 
has many benefits, it forces discrete categories at the ex-
pense of any shared symptoms and components (mechan-
isms) that run dimensionally across subgroups. Essentially, 
while this method holds enormous potential for promoting 

applications such as precision medicine, it also necessitates 
that we lose an important part of the bigger picture. An 
approach (or series of complementary strategies) that em-
braces the full complexity of schizophrenia must facilitate 
subtyping but also allow for the presence of continuous 
variables (latent or otherwise). In this context, the present 
work by Matthias Kirschner and colleagues (in this issue) 
holds tremendous promise as it represents one of the first 
major efforts to test the feasibility and clinical utility of a 
clinical-anatomical dimension approach.

The authors began by examining the relationship be-
tween clinical and brain measures in a large sample of 
133 individuals with schizophrenia and 113 neurotypical 
controls from a publicly available dataset. Anatomical 
variation was measured with deformation-based mor-
phometry (DBM), a technique that quantifies the de-
viation of gray matter locations relative to a normative 
template, interpreted as a signature of tissue loss. These 
anatomical deviations were then related (via partial 
least squares) to behavioral measures, including clinical 
symptoms (positive, negative, and extrapyramidal motor 
symptoms), cognitive functioning, and demographic fea-
tures. Partial least squares is able to identify features that 
covary across measurements types4 rather than relying 
only on either behavioral or anatomical measures to iden-
tify relevant dimensions, making it a powerful method for 
uncovering brain-behavior relationships. Using this tech-
nique, the authors found evidence for 3 latent dimensions 
that explained 55% of the variance in the original dataset.

Matthias and colleagues then confirmed their findings 
in an independent dataset from the Douglas Institute (108 
schizophrenia, 69 neurotypical controls). This is a crit-
ical step (in order for findings to be clinically useful, they 
must translate to other scanners and individuals), but is 
all too rarely conducted in studies searching for neurobio-
logical markers.5 The first and strongest latent dimension 
replicated across datasets and became the major focus of 
study. This dimension highlighted a connection between 
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cognitive impairments, negative symptom severity, and 
anatomical abnormalities in the default mode and visual 
networks. This suggests that cognitive/negative symptoms 
in association with these anatomical features may cut a 
major swath in explaining heterogeneity in schizophrenia. 
Interestingly, a mediation analysis also suggested that the 
anatomical deviations of this dimension mediated the 
connection between socioeconomic status and clinical 
symptoms. Thus, these anatomical features may help ex-
plain the well-documented relationship between socioec-
onomic status and poor outcomes in schizophrenia.6

This work is an important early step in moving the field 
towards managing the complexity of heterogeneity across 
serious mental illnesses. The integrative analysis allowed 
for a large number of clinical, cognitive, and anatom-
ical features to be considered in a single model, and then 
parsed down to a smaller set of informative and poten-
tially useful latent dimensions. The findings suggest that 
this approach is an invaluable tool for examining con-
tinuous latent variables, allowing researchers to evaluate 
cross-cutting dimensions, while also leaving room for the 
possibility of subtypes. For example, the authors sug-
gested that the replicated latent negative-cognitive dimen-
sion might help to draw ties across 2 well-documented 
biotypes.2 What is particularly exciting about this work 
is the foundation it lays for what comes next. We would 
like to see mainstream adoption of the out-of-sample 
prediction used here. Notably, only one dimension rep-
licated in the external dataset, and in our minds, this re-
stricted replication serves as an invaluable cautionary 
note for studies adopting similar approaches without ex-
ternal validation. Further, we believe that incorporating 
the general approach in larger heterogeneous datasets 
(including additional clinical as well motor and thought 
disorder variables; incorporating other imaging domains 
including resting-state connectivity; including additional 
disorders) will expand our understanding of clinical-
neural relationships that can cross classical domain di-
visions. In addition, our hope is the field continues to 
experiment with existing methods (eg, Meehl’s cut co-
herent kinetics)7 and to develop new approaches that free 

the nature of outcomes from a given statistical approach. 
In addition, longitudinal studies will be integral for deter-
mining causality, and relatedly, applying these findings to 
treatment decisions. Mapping latent clinical-anatomical 
dimensions in the psychosis risk period has tremendous 
promise for complementing subtyping as well as for 
better highlighting mechanisms, improving identification, 
and informing novel interventions. Excitingly, examining 
many of these questions, including through the lens of 
development, is well within reach given the impressive 
growth in publically available data (eg, Adolescent Brain 
and Cognitive Development and Human Connectome-
Development studies).
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