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From co-morbidity to transdiagnostic potential and novel immunotherapies 
for psychosis 

Rachel Upthegrove 
Professor of Psychiatry and Youth Mental Health, Institute for Mental Health, Deputy Editor, British Journal of Psychiatry, Deputy Director, NIHR Mental Health 
Translational Research Collaboration, Honorary General Secretary British Association for Psychopharmacology, University of Birmingham and Birmingham Early 
Intervention Service, 52 Prichatts Road, Edgbaston, Birmingham B152TT, UK  

A B S T R A C T   

One of my first placements in psychiatry training was with the early intervention in psychosis services in Birmingham, in the late 1990′s. It was in this context that I 
became aware of the frequency and importance of affective co- modbidity and lack of diagnostic certianty in early stages of develping severe mental illness. This 
challenged the established dichotomy between affective and non-affective severe mental illnesses, and has driven my work and thinking ever since- including that 
embracing the presence of affective symptoms in schizophrenia may open the door for new treatments. Understanding affective dysfunction as a potential intrisic 
component of developing psychotic disorders has also shown the potential for transdiagnostic symptoms with shared underlying biological processess, including 
immune dysfunction, related to remission and functional outcomes. Currently my work focuses on targeting the immune system to improve recovery in clinical trials, 
and further mechanistic studies that reach beyond traditional diagnostic catagories.   

1. Early psychosis and co-morbidity 

Early intervention services for first episode psychosis (FEP) were 
established in the UK in the mid-late 1990′s, led by pioneers such as Max 
Birchwood who proposed the ‘critical period hypothesis’- intervening 
with robust biopsychosocial treatment early during schizophrenia could 
have longer term impact on the trajectory for recovery. I began working 
in this service as a Specialist Registrar in 2002 and became immediately 
aware of the significant levels of co-morbidity, particularly of anxiety 
and affective dysfunction in and after FEP. I completed my PhD super-
vised by early intervention pioneer Max Birchwood and the expert 
phenomenologist Professor Femi Oyebode, in work that brought 
together the development of psychopathology and co-morbidity in a 
longitudinal early psychosis cohort (eg, Birchwood et al., 2005; Upthe-
grove et al., 2017). My work has subsequently demonstrated that 
depression in FEP is related to suicidal behaviour- with risk extending 
many years after FEP and is also a strong predictor of poor functional 
outcome(McGinty et al., 2017; McGinty and Upthegrove, 2020; Upthe-
grove et al., 2010). 

Depression in FEP could be thought of as a co-morbidity, as is often 
the case with other physical or mental health conditions, having a severe 
chronic illness concurring risk for depression. It may be that risk factors 
for psychosis, such as childhood adversity, also lead to risk of depres-
sion. Childhood adverse events including abuse, neglect, bullying, 
deprivation, and racism are all now well recognised risk factors for 

psychosis. However, they also are significant risk factors for other dis-
orders, including anxiety and depression. 

My early work also showed that depression could also be seen 
because of the psychotic experience itself; threat by persecutors, ma-
levolent voices or the powerless position of patient-hood. This frame-
work of appraisal is not unrelated to the experience of childhood 
adversity; perceiving threat to self from neutral stimuli; powerlessness in 
relation to persecutory delusions following childhood abuse or bullying. 
This can lead to a position of subordination, and in social psychiatry 
terms depression may be viewed as a warning signal of weakened status 
(Sandhu et al., 2013; Upthegrove et al., 2017). 

However, it may also be that depression, or more widely affective 
dysfunction, is part of the biological process of developing psychosis and 
that this is particularly identifiable in FEP. It is this latter model of 
depression as biologically intrinsic to psychotic disorders traditionally 
perceived ‘non-affective’ psychoses such as schizophrenia that may open 
transdiagnostic avenues to new treatments. Current pharmacological 
treatment for psychotic disorders is extremely limited, all focus on 
dopaminergic blockade and come with considerable side effects. After 
FEP only 30% of people who reach diagnostic criteria for schizophrenia 
fully recover- and EIP services have not impacted this figure. 

2. Transdiagnostic clusters: data driven approach 

One avenue to improve outcomes may be to identify the potential 

E-mail address: r.upthegrove@bham.ac.uk.  

Contents lists available at ScienceDirect 

Psychiatry Research 

journal homepage: www.elsevier.com/locate/psychres 

https://doi.org/10.1016/j.psychres.2022.114866 
Received 11 August 2022; Received in revised form 22 September 2022; Accepted 24 September 2022   

mailto:r.upthegrove@bham.ac.uk
www.sciencedirect.com/science/journal/01651781
https://www.elsevier.com/locate/psychres
https://doi.org/10.1016/j.psychres.2022.114866
https://doi.org/10.1016/j.psychres.2022.114866
https://doi.org/10.1016/j.psychres.2022.114866
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psychres.2022.114866&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Psychiatry Research 317 (2022) 114866

2

subgroup of patients with affective dysfunction in FEP cohorts- and thus 
target new or repurposed treatments (such as antidepressant medication 
or therapy). Advanced data science and machine learning may help, 
where samples of sufficient size and replication data are available. I was 
fortunate to be able to collaborate with experts such as Nikos Koutsou-
leris in our EUFP7 funded Personalised Prognostic Tools for Early Psy-
chosis Management (PRONIA); and within this cohort was able to study 
to identify whether it was possible to distinguish patients with recent 
onset psychosis (ROP) with depression from those without depression, 
and patients with recent onset depression (ROD) at the symptom and 
neuroanatomical level. Using a supervised machine learning classifica-
tion (SVM) and principal components analysis, it was not possible to 
identify an affective subgroup of ROP, suggesting that affective 
dysfunction is intrinsic to the majority of patients (Upthegrove et al., 
2020). In a separate analysis combining all ROP and ROD patients from 
PRONIA, we aimed to identify neurobiologically based transdiagnostic 
categories with a data driven, brain first approach. A semi-supervised 
clustering analysis was trained on whole brain volumetric measures 
from 577 participants and then applied in 404 participants in external 
validation. Two distinct transdiagnostic clusters were identified of 
mixed ROP and ROD patients, with an impaired cluster showing more 
grey matter volume loss, poorer cognition, and psychosocial func-
tioning. In additional analysis there was the suggestion that circulating 
parkers of inflammation, particularly C- reactive protein (CRP) and 
TNFα (Lalousis et al., 2022). 

3. Immune dysfunction: a common pathway? 

Immune dysfunction, and particularly low grade non-resolving 
inflammation, has been investigated in the aetiology of psychosis for 
some time, with evidence suggesting potential for causality. Pro- 
inflammatory cytokines including CRP and Interleukin 6 and its recep-
tor complex (IL6/IL6r) are elevated before the onset of psychosis, and 
particularly in medication naive samples (Upthegrove et al., 2014). 
Driven by the understanding of transdiagnostic affective dysfunction in 
early stages of illness, it was intriguing that these cytokines are also 
present in those at risk for depression, and more so in treatment resistant 
and non-responsive cases (Kappelmann et al., 2020). Affective 
dysfunction precedes the onset of psychosis, and immune dysfunction 
may be an active driver of chronicity or poor outcome by affecting brain 
structure and function. Childhood adverse events including abuse, 
neglect, bullying, deprivation and racism are all environmental expo-
sures that can lead to activation, or re-activation of stress hormones and 
pro-inflammatory innate defences, with subsequent impact on brain and 
mental health (Nikkheslat et al., 2020). 

Low grade non-resolving inflammation may impact brain structure 
and function in a variety of ways: IL-6 is a key mediator in the innate 
immune pathway relevant to brain function, with ability to cross the 
blood-brain barrier (BBB) and increase its permeability. IL-6 is released 
from monocytes and T lymphocytes and increase nitric oxide, chemo-
kines and oxidative stress and/or potentially activate brain microglia 
(Upthegrove and Khandaker, 2020). There is evidence of reduced 
defence against oxidative stress and antioxidant imbalance in psychosis. 
Meta-analysis of human neuroimaging (PET) studies shows mixed evi-
dence for microglia activation in schizophrenia, however it could also be 
that aberrant astrocytic control of microglia is driven by dysfunctional t 
cell progenitors including T regs (Corsi-Zuelli et al., 2021). 

Many theories exist as to the mechanism for inflammatory mediated 
brain changes in psychosis however a current challenge is the absence of 
direct measurement of inflammation in the brain. The majority of 
studies currently assess peripheral measures of inflammation and their 
association to symptoms without direct examination of brain structure 
or function. My recent work is now focused on increasing the evidence of 
direct impact of inflammation on brain structure and function in a 
transdiagnostic approach in early stages of disorders (Krynicki et al., 
2021; Williams et al., 2022). 

4. Novel non-dopaminergic treatments 

The goal is for new and better treatments for psychosis. Many studies 
have focused on anti-inflammatory and neuroprotective agents as non- 
dopaminergic treatments. The larger, more robust and higher quality 
trials show less effect size with the gold standard BeneMin study being 
wholly negative (Deakin et al., 2018; Jeppesen et al., 2020). One current 
challenge is understanding who would benefit from anti-inflammatory a 
treatment; ie the phenotype of immune active psychosis. Further to this, 
I am leading work that aims to understand how best to stratify psychosis 
patients into immunotherapy trials, by symptoms or biomarkers, and 
what the primary outcome should be: eg negative symptoms, anhedonia 
or functioning? These questions are being addressed in the ongoing 
Psychosis Immune Mechanism Stratified Medicine Study (PIMS) pro-
gramme led by myself and colleague Golam Khandaker; bringing 
together our epidemiology, genomics, and psychosis and trial expertise. 
Initial outputs from a data science driven approach will inform an 
experimental medicine study, with stratification of immune active par-
ticipants and anhedonia as the primary outcome (Griffiths et al., 2022). 

5. Future challenges 

Recently, my hypothesis has been that affective dysfunction in early 
psychosis could be a signal of ongoing non-resolving inflammation and 
this may be related to the early phase structural and functional brain 
changes seen in FEP. However, our recent mendelian randomisation 
study demonstrated a specific relationship between genetically deter-
mined IL6/IL6r and brain structure in areas particularly relevant for 
psychiatric disorders of chronic and potentially neurodevelopmental 
course (Williams et al., 2022) and this suggests very early exposure to 
inflammation may be key. Affective symptoms seen within psychosis 
could indicate pre-existing or ongoing low level inflammatory damage 
in mental health disorders with poorer outcome. 

Psychotic disorders undoubtedly involve dopaminergic dysfunction. 
However, continued focus only on this mechanism is not likely to aid 
further advance or better recovery. I believe that embracing the co-
morbidity and heterogeneity in developing mental health disorders, 
from a transdiagnostic perspective and employing the most advanced 
novel statistical approaches may uncover common and unique phe-
nomenology and neuropathology. Living tissue, cell cultures, microglial 
models and induced stem cells and further experimental medicine 
studies within this context are now needed to fully interrogating cau-
sality. This approach is essential and now possible with increasing data, 
analytical techniques, and samples available. Better treatment options 
for patients will continue to be the ultimate goal. 
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