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Schizophrenia carries an excess mortality of over 10 years
that is largely due to somatic comorbidity with disorders
including type 2 diabetes and cardiovascular diseases
(CVD) [1, 2]. With metabolic abnormalities found in
medication-naïve and first-episode patients, and an
increased type 2 diabetes risk in relatives of individuals with
schizophrenia, there is substantial evidence that the elevated
prevalence of type 2 diabetes in schizophrenia is a partially
treatment-independent comorbidity [3]. Individuals with
schizophrenia also show a 50% increased risk of dying from
CVD compared to the general population, which accounts
for even more premature deaths [4]. Besides an unhealthy
lifestyle, the CVD incidence is attributed to risk factors

believed to be comorbid with schizophrenia, and genetics
studies suggest an underlying pleiotropy that supports
shared mechanistic effects between both conditions [5]. As
patients are treated largely by a “one-fits-all” approach,
there is a strong need to identify biological means to stratify
patients and characterize the biological basis of somatic
comorbidity. This will allow improved clinical delineation
of psychoses and facilitate novel intervention strategies
targeted at the minimization of comorbidity risk, reducing
mortality and morbidity.

The multidisciplinary COMorbidity Modeling via Inte-
grative Transfer machine learning in MENTal illness
(COMMITMENT, https://www.sys-med.de/en/) project
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aims to address the above challenges. COMMITMENT
leverages extensive multi-OMICs and neuroimaging data,
which have recently provided an unprecedented opportunity
for devising systems medicine approaches to psychiatric
disorders that have lagged behind those successfully used
for somatic illnesses. Adjusting such approaches to psy-
chiatry and building on bioinformatics environments that
can optimally fuse large-scale data that is physically dis-
tributed and cannot be easily merged may help us further
understand the disorders’ underlying biology. To address
this, COMMITMENT will build a transdiagnostic, transla-
tional research framework focused on disentangling the
biological heterogeneity underlying psychoses and the
identification of mechanisms shared with common somatic
comorbidities.

A core element of the COMMITMENT project will be
the development of a computational pipeline that builds on
the so-called “transfer learning”, which allows the “trans-
fer” of signatures across cohorts [6, 7], i.e., the identifica-
tion of patients diagnosed with psychosis along a biological
dimension that also indexes patients with, e.g., type 2 dia-
betes (Fig. 1). Two further core components of the COM-
MITMENT approach are as follows: (I) the integration of

prior information on biological mechanisms into the
machine-learning approach and (II) the adaptation of com-
putational approaches successfully used in the oncological
field to optimally use multi-OMICs data for illness signature
identification. First, the integration of mechanistic knowl-
edge into machine learning models is aimed at improving
our ability to identify biologically relevant signatures from
multimodal data through a meaningful reduction of the data
dimensionality. For this, a priori knowledge about
mechanistic causes-and-effects linked to psychiatric condi-
tions and comorbidities will be extracted at large-scale from
the scientific literature, and made amenable for data mining.
Second, machine learning approaches will utilize a non-
negative matrix factorization strategy, which allows inte-
grative learning across data modalities [8].
COMMITMENT aims to extend this approach to incorpo-
rate the ability to project non-overlapping multimodal data
into a smaller shared feature subspace (e.g., a shared
pathway-level subspace). This will facilitate the integrative
analysis of multimodal datasets where individual modalities
are missing, and thus maximize the utilization of the
available data resources.

In parallel, the COMMITMENT data resource will be
expanded by predicting the genetically regulated compo-
nent of expression data using PrediXcan/MetaXcan [9]. The
transcriptome-wide association study will be performed for
a wide range of tissues and cell types (obtained, e.g., from
the Genotype-Tissue Expression, GTEx [10]), in order to
identify specific cell types in which the causal genes exert
their effects underlying psychosis and somatic
comorbidities.

Evidence has also pointed toward an apparent brain
aging in patients with mental disorders suggesting the
presence of neurodegenerative processes. Their clinical
relevance has yet to be characterized. Therefore, COM-
MITMENT will incorporate a developmental perspective
on the identification of psychosis subgroups and the
emergence of comorbid somatic phenotypes. In a first
step, we will provide a detailed characterization of the
structure of psychiatric symptoms, based on a dimensional
representation of symptoms. This will allow exploring
whether comorbidity-defining biological profiles map to
clinically distinct, potentially transdiagnostic symptom
profiles. We will then generate lifespan trajectories of
somatic comorbidity profiles that can be tested for inter-
actions with identified signatures indexing psychosis
susceptibility, to identify age-periods with high comor-
bidity risk, and to disentangle state- vs. trait-related
effects.

Finally, COMMITMENT will validate algorithms
regarding their ability to stratify patients with psychotic
symptoms, predict differential treatment response and out-
come, as well as early signs of comorbidity onset.
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Fig. 1 Schematic overview of the transfer-learning procedure.
Biological signatures are transferred across cohorts, to identify biolo-
gical dimensions that are simultaneously associated with psychosis and
somatic comorbidities. Notably, the transfer of illness-signatures
across cohorts allows circumventing the requirement of data from
patients affected simultaneously by psychosis and comorbid condi-
tions. Rather, subgroup profiles of these conditions are derived inde-
pendently from disease-specific data and optimized for multivariate
overlap in the feature space. COMMITMENT will build on these
recent advances to develop a distributed and privacy-preserving
computational framework that obviates the need for exchanging raw
data across project partners, allowing analysis of the largest possible
sample sizes while maintaining data security.
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In summary, COMMITMENT is a large, multidisciplinary
effort to identify clinically relevant, multimodal signatures
underlying different dimensions of psychosis and common
somatic comorbidity. We are actively seeking for feedback
on data analytics approaches as well as collaborations. With
this, COMMITMENT will provide the basis for biologically
informed clinical tools for improved personalized care of
patients with psychotic symptoms in the hope of reducing the
substantial excess mortality of this condition.
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