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Abstract

Background: Schizophrenia spectrum disorders (SSDs) are clinically
coherent yet biologically heterogeneous. Converging evidence suggests
that systemic inflammation may delineate an “inflammatory biotype”,
but the behavioural and clinically relevant correlates of inflammation in
large real-world cohorts remain poorly characterized.

Methods: This retrospective cohort study utilized the TriNetX Analytics
network. Data extraction and analysis were conducted on February 3,
2026. Adults with SSD diagnoses and documented antipsychotic
exposure were included. Two cohorts were defined a priori: Higher
Severity Schizophrenia Spectrum Disorders (HS-SSD) and Lower
Severity Schizophrenia Spectrum Disorders (LS-SSD). The HS-SSD
cohort was identified using electronic health record proxy indicators of
recent clinical instability, including hospitalization in the last 6 months,
intentional self-harm, hospital admission, hallucinations, and
unspecified stupor, restlessness and agitation; the LS-SSD cohort met the
same diagnostic and treatment criteria in the absence of these severity
signs/events. The index event was the first recorded simultaneous
presence of diagnostic criteria, antipsychotic treatment, and severity
signs/events. Primary outcomes were all-cause mortality, hospitalization
rates, and inflammatory state, defined as C-reactive protein (CRP) > 3.00
mg/L and/or lactate dehydrogenase (LDH) > 220 U/L (most recent
available measurements). Secondary outcomes included diastolic blood
pressure, QTc interval, HbAlc, and LDL cholesterol. Propensity score

matching (1:1 nearest-neighbour) was performed on age, sex, ethnicity,



sleep disorders, body mass index, and systolic blood pressure, yielding
two balanced cohorts (N = 140,862 each).

Results: All-cause mortality was 12.38% in HS-SSD and 11.58% in LS-SSD
(RR =1.068; 95% CI = 1.047-1.090; p < 0.001; HR = 1.096; 95% CI = 1.073~
1.119). Hospitalizations were 0.56% vs 0.02% (RR = 24.594; 95% CI =
17.272-35.018; p < 0.001). Positive inflammatory markers were 12.55% vs
11.30% (RR =1.110; 95% CI =1.086-1.135; p <0.001). Secondary outcomes
differed significantly, with slightly lower mean HbAlc, LDL, blood
pressure, and QTc in HS-SSD.

Conclusions: The results are consistent with the hypothesis of an
inflammatory-behavioural phenotype within the psychosis spectrum,
characterized by higher inflammatory burden alongside increased all-

cause mortality and a persistence of an instability trajectory.



Introduction

1. Background: schizophrenia as a heterogeneous disorder

More than a century after Kraepelin’s description of dementia praecox,
the aetiology, neuropathology, and pathophysiology of schizophrenia
remain largely elusive (1). Although standardized diagnostic criteria
have improved clinical reliability, schizophrenia continues to represent
a broad and heterogeneous syndrome encompassing a constellation of
subjective experiences, behavioural impairments, and variable
longitudinal trajectories rather than a single disease entity.

Over the decades, research has uncovered a wide array of putative
biological correlates—ranging from cognitive dysfunctions and brain
structural abnormalities to alterations in neurotransmission and
neurodevelopment. Despite decades of neuroimaging, molecular, and
genetic research, no single biomarker has demonstrated consistent
diagnostic validity. This enduring absence of unifying biological
evidence reinforces the view of schizophrenia as a heterogeneous
syndrome, leading contemporary research to focus on biologically
informed subtypes—neurodevelopmental, dopaminergic, metabolic,
and inflammatory. Yet, dismantling the construct entirely would obscure
the clinical and empirical coherence that still defines the syndrome —its
characteristic course, recurrent symptomatic patterns, and non-random
associations across cognition, affect, and behaviour. In this context,
contemporary research increasingly emphasizes the dissection of

schizophrenia  into  biologically  informed  dimensions or



endophenotypes,  integrating  neurocognitive, = genetic,  and
immunoinflammatory markers. Such an approach—anchored in the
principles of precision psychiatry—aims to identify biologically and
clinically meaningful subgroups that may clarify mechanisms of disease
and guide individualized treatment strategies.

Current evidence indicates that schizophrenia arises from the interplay
between genetic susceptibility and environmental risk factors, including
perinatal complications, infections, stress exposure, and substance use.
Multiple genes contribute to vulnerability through polygenic inheritance
and variable penetrance, with many risk genotypes remaining clinically
silent. The disorder occurs at comparable rates across populations and
historical periods (2), suggesting an ancient and stable genetic
background rather than a recent environmental emergence.

This persistent absence of diagnostic biomarkers has pushed the field
toward  multidimensional  approaches  integrating  clinical,
neurocognitive, and biological data. Divergences between major
diagnostic systems (ICD and DSM) further underscore this conceptual
instability (3). Nonetheless, the recurrence of symptom clusters, typical
age at onset, and characteristic longitudinal course sustain the
syndrome’s empirical coherence. Against this background, the ongoing
debate on the nature of schizophrenia reflects a tension that has
accompanied the field since its inception. This enduring tension (4) —
how to reconcile the descriptive coherence of the syndrome with its
elusive biological basis—has persisted since Kraepelin's original
formulation of dementia praecox. At the end of the nineteenth century,

during the so-called first biological era of psychiatry, Kraepelin sought



to overcome the failure of neuropathological research to identify reliable
lesions in chronic psychoses. In response, he proposed a clinical-
longitudinal classification based on symptom evolution and functional
outcomes, distinguishing dementia praecox from manic-depressive
insanity. This pragmatic shift from brain pathology to systematic clinical
observation provided psychiatry with its first reproducible diagnostic
categories but at the cost of detaching the construct from its biological
underpinnings.

This historical tension—between phenomenological precision and
biological uncertainty —still defines the schizophrenia construct today.
Modern efforts to “reinvent” it (5-7) echo Kraepelin’s original challenge:
after decades of sophisticated genetic, neuroimaging, and molecular
studies, no unifying biological marker has emerged. Within this
framework, the identification of biologically meaningful subtypes—such
as, for example, an inflammatory biotype —represents a contemporary
continuation of Kraepelin’s aim: to move beyond descriptive

phenomenology toward a biological understanding of mental illness.

2. Neuroinflammation and immune dysregulation in psychosis

In recent years, converging evidence has positioned neuroinflammation
as one of the most compelling and integrative mechanisms in psychosis,
bridging immune dysregulation, genetic vulnerability, and altered
neural connectivity (8-10). Traditionally regarded as a psychiatric
condition rooted primarily in dopaminergic dysfunction (11,12),
schizophrenia is now understood as a neuroimmune disorder, where

chronic low-grade inflammation and aberrant immune activation



interact with genetic vulnerability to shape the onset, course, and clinical
heterogeneity of the illness.

Neuroinflammation encompasses a series of inflammatory responses
within the central nervous system, involving microglial activation,
elevated proinflammatory cytokines, and blood-brain barrier
dysfunction. These processes can lead to neuronal injury, synaptic
disruption, and altered neurotransmission, ultimately contributing to
dysregulation of cognitive, affective, and behavioural functioning (13-
15).

Evidence from multiple domains supports the immune-inflammatory
hypothesis of schizophrenia. Concordant signals emerge across
modalities: peripheral and central cytokine elevations, imaging evidence
of microglial activation, and genetic enrichment in immune-related loci.
Studies have shown elevated concentrations of IL-6, TNF-a, and other
proinflammatory mediators in both brain tissue and peripheral blood of
affected individuals (16). Genome-wide association studies have
identified immune-related loci that confer increased vulnerability
(17,18), while positron emission tomography (PET) imaging has
demonstrated excessive microglial activation in the prefrontal cortex and
hippocampus, correlating with psychotic and cognitive symptom
severity (19,20). Similarly, cerebrospinal fluid analyses have revealed
higher levels of inflammatory cytokines, such as IL-6 and IL-8, associated
with disease progression (21-25). Beyond innate immune activation,
adaptive immune mechanisms have also been implicated in
schizophrenia. Several studies have reported altered humoral responses

and increased seropositivity to infectious agents, including Toxoplasma



gondii (26,27), suggesting that dysregulated antibody-mediated
immunity may contribute to a subset of patients. This humoral activation
may reflect either prior infectious exposures interacting with genetic
vulnerability or an intrinsic immune imbalance within the psychosis
spectrum (28).

Animal models provide further mechanistic insight: prenatal
inflammatory insults can disrupt foetal neurodevelopment, leading to
offspring with behavioural and neurochemical abnormalities
reminiscent of schizophrenia (29,30). Likewise, chronic inflammatory
states in rodents produce cognitive and social impairments mediated by
dopaminergic dysregulation and synaptic loss (29,31). Collectively, this
evidence supports neuroinflammation as a key biological mechanism
and potential therapeutic target.

In fact, despite the centrality of dopamine D, receptor blockade in current
treatment strategies (12,32), traditional antipsychotic medications
remain partially effective against negative and cognitive symptoms, as
approximately 20% of patients exhibit poor clinical response (33). These
limitations, coupled with the growing recognition of neuroinflammation
in schizophrenia, underscore the need for novel pathophysiological
frameworks that could pave the way for targeted interventions beyond

the dopaminergic model.

3. Aninflammatory biotype: toward precision psychiatry

These converging data suggest that neuroinflammatory processes may
not be uniformly distributed across patients but instead define

biologically distinct subgroups within the psychosis spectrum.



Building upon converging evidence for immune dysregulation across
psychotic disorders, one prominent framework —the neuroinflammation
hypothesis—posits that psychotic disorders are characterized by
elevated levels of proinflammatory cytokines resulting from microglial
activation and secondary inflammatory cascades within the brain (8,34).
Postmortem investigations support this view, with meta-analytic data
showing increased expression of proinflammatory genes (IL1f3, IL6, ILS,
and TNFa), higher protein concentrations of IL-18 and TNF-a, and
greater microglial density in patients compared to healthy controls (35).
Complementary evidence implicates dysfunction of the brain’s vascular
interfaces—notably brain microvascular endothelial cells (BMECs) and
choroid plexus epithelial cells (CPECs)—which constitute the blood-
brain and blood-CSF barriers. Alterations in these structures may
promote barrier leakage, allowing peripheral immune mediators to enter
the CNS and activate resident glia, further amplifying the inflammatory
response measurable in peripheral blood (36-39).

However, inflammation is not uniformly present across all individuals
with psychosis. Rather, converging findings indicate that only a subset
of patients exhibits a sustained peripheral inflammatory profile (40). This
subgroup appears to account for roughly 30-50% of cases, and is
associated with poorer response to antipsychotic treatment and
potentially distinct neurobiological characteristics (41-44). Such data
have led to the conceptualization of an “inflammatory biotype” of
psychosis—patients in whom systemic and central inflammation play a

central pathophysiological role.
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The clinical implications of this biotype are substantial. In other
psychiatric disorders, such as treatment-resistant depression, anti-
inflammatory treatment with agents like the TNF-a antagonist
infliximab has been shown to improve symptoms specifically in
individuals with elevated C-reactive protein (CRP > 5 mg/L) (45,46).
Similar stratification strategies in psychosis could enable the
identification of patients most likely to benefit from adjunctive anti-
inflammatory or immunomodulatory therapies, especially when
conventional antipsychotics prove insufficient (40,47).

The existence of inflammatory subgroups has nevertheless been debated.
A meta-analysis of 35 studies in antipsychotic-naive first-episode
psychosis (FEP) questioned the validity of inflammatory stratification,
arguing that immune alterations may constitute a core feature of
psychosis rather than a subgroup phenomenon (48). Yet, the
interpretation of these findings is limited by diagnostic heterogeneity,
variability in assay sensitivity, small sample sizes, and reliance on single
cytokine measurements instead of integrated inflammatory signatures.

Data-driven studies have identified distinct inflammatory subtypes
within the psychosis spectrum, typically distinguishing a high-
inflammatory group, representing about one-third of patients, from a
low-inflammatory  group. The high-inflammatory subtype is
characterized by elevated peripheral cytokine levels, alterations in
cortical and subcortical morphology —possibly reflecting blood-brain
barrier dysfunction—and poorer cognitive and inhibitory control
performance compared with low-inflammatory cases (42). More recent

evidence indicates that these inflammatory subtypes are already
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detectable in antipsychotic-naive first-episode schizophrenia, where
individuals with elevated IL1p3, IL6, IL8, and TNFa levels also display
region-specific cortical thickening and reduced network efficiency (49).

Collectively, these findings support the presence of a replicable
inflammatory biotype emerging from the earliest stages of psychosis and
highlight peripheral inflammatory markers as promising tools for
biological stratification and precision-guided interventions. Yet, the
clinical and behavioural implications of biotypes findings remain poorly

understood.

4. Clinical and behavioural correlates of inflammation

Although a growing body of research has demonstrated immune-
inflammatory activation across major psychiatric disorders, including
psychosis (47-52), the question of how inflammatory processes translate
into specific behavioural phenotypes remains largely unanswered.
Population-based longitudinal studies indicate that elevated
inflammatory markers in childhood or adolescence —such as IL-6 and
CRP—predict an increased risk of developing psychotic and affective
symptoms in adulthood (50-54), suggesting that low-grade systemic
inflammation may contribute not only to disease onset but also to long-
term neurobehavioral vulnerability.

Most of the available evidence from clinical samples concerns major
depressive disorder, where the association between low-grade systemic
inflammation and illness severity is well established, primarily through
elevated levels of peripheral markers such as C-reactive protein (CRP)

and proinflammatory cytokines (46,55-57). In this context,
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approximately one-third of acutely unwell patients with depression
exhibit CRP concentrations above 3 mg/L, a threshold commonly used to
define low-grade systemic inflammation. A smaller but growing body of
evidence extends these findings to psychotic disorders (58) where similar
inflammatory alterations have been reported, though with greater
heterogeneity and less consistent replication. Nonetheless, within both
diagnostic spectra, patients showing elevated inflammatory markers
tend to present more severe clinical courses, poorer treatment response,
and longer hospitalizations (41,59). Moreover, higher baseline levels of
proinflammatory cytokines such as IL-6 have been linked to poorer
response to antipsychotic therapy in psychoses (41) and to greater
symptom persistence over time in major depressive disorder (60,61).
Several clinical trials have demonstrated the potential benefits of anti-
inflammatory strategies in schizophrenia, including the wuse of
sulforaphane (62,63), pentoxifylline (64,65), canakinumab (66), and other
anti-inflammatory agents, although further research is needed (67).
However, the behavioural and clinical correlates of systemic
inflammation in psychosis remain poorly characterized. Most studies
have focused on biological and symptomatic dimensions: inflammatory
activation has been linked to altered stress reactivity, premorbid
cognitive impairment, and motivational deficits, potentially mediated by
cytokine-induced dopaminergic and fronto-limbic dysconnectivity
(68,69).

Among possible biomarkers, C-reactive protein (CRP) in particular has

emerged as one of the most robust and accessible indicators of low-grade
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inflammation, providing a pragmatic tool for stratifying patients
according to their inflammatory status.

C-reactive protein (CRP) represents one of the most reliable and
accessible peripheral markers of low-grade systemic inflammation.
Elevated CRP levels have been consistently observed in patients with
schizophrenia and related psychoses (70), supporting the hypothesis of
immune-inflammatory dysregulation as a core biological mechanism of
the disorder (71-73). A recent meta-analysis suggested that higher CRP
concentrations are associated with positive rather than negative
symptom dimensions (73), and with illness chronicity and insidious
onset (74). Increased CRP has also been linked to cognitive deficits—
including impaired working memory, processing speed, and executive
function (75,76), as well as to metabolic syndrome, cardiovascular risk,
and overall functional decline (71). However, results remain inconsistent,
and no consensus has emerged on whether CRP elevation reflects a
causal mechanism or a by-product of psychosis pathophysiology (72).
Importantly, while isolated reports have described associations between
high CRP and greater aggression in schizophrenia inpatients (77), this
finding has not been replicated.

Beyond inflammatory markers such as C-reactive protein (CRP),
alterations in metabolic enzymes like lactate dehydrogenase (LDH)
turther support the link between inflammation and disrupted
bioenergetic homeostasis in psychosis. LDH catalyzes the
interconversion of pyruvate and lactate, playing a key role in neuronal
energy metabolism and redox balance. Elevated LDH levels have been

reported in schizophrenia, reflecting mitochondrial dysfunction,
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oxidative stress (78), and glial activation—mechanisms that converge
with immune-inflammatory dysregulation in the pathophysiology of
psychosis (79-82).

LDH is increasingly implicated in the pathophysiology of schizophrenia
within the interconnected domains of neuroinflammation, metabolic
dysregulation, and cell death signaling. Experimental evidence indicates
that LDH release reflects loss of membrane integrity associated with
inflammatory forms of programmed cell death, particularly pyroptosis,
driven by NLRP3-caspase-1 pathway activation and increased IL-1f3
signaling (83). In parallel, neurodevelopmental and immune activation
models relevant to schizophrenia show altered LDH dynamics and
increased LDH release as an index of neurotoxicity and microglial
activation, further supporting its role as a marker of inflammation-
related cellular damage (84). At the brain level, proteomic alterations
involving LDH isoforms, such as LDH-B, suggest disturbances in energy
metabolism and oxidative pathways within fronto-subcortical circuits
implicated in schizophrenia (85).

To date, no large-scale cohort studies have systematically investigated
whether elevated CRP or LDH identify a subgroup of patients
characterized by more severe behavioural dysregulation—such as
agitation or aggression—or by poorer clinical outcomes.

Given that C-reactive protein is widely regarded as a more specific
marker of systemic inflammation, whereas LDH is more closely related
to tissue damage, hemolysis, and cell death, these biomarkers may reflect
partially distinct yet biologically interconnected dimensions of the

inflammatory response; in this context, their combined assessment could
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provide a more comprehensive characterization of wunderlying
pathophysiological processes, potentially improving the identification of
an inflammatory subtype of schizophrenia beyond the use of either
marker alone. Accordingly, the present study is based on the
identification of an inflammatory subtype of schizophrenia by jointly
considering both LDH and CRP levels.

Aggressive and violent behaviour represents a clinically relevant and
socially significant manifestation of psychotic disorders. Individuals
with schizophrenia are estimated to be four to seven times more likely to
commit violent crimes, such as assault or homicide, and four to six times
more likely to display general aggressive behaviours, including verbal or
physical threats, compared with the general population (86-89). Several
large cohort studies have consistently reported an increased incidence of
violent conduct among individuals with schizophrenia (86,89-91),
suggesting that behavioural discontrol and aggression may represent
core features of the most severe psychotic forms.

Given their clinical and societal impact, these manifestations constitute a
key behavioural dimension to investigate within the framework of
inflammation-related psychosis. If systemic inflammation contributes to
more severe or treatment-resistant disease trajectories, it may also
underlie heightened impulsivity, agitation, and violent behaviour,
providing a potential biological substrate for the behavioural
dysregulation observed in high-risk psychotic subtypes. Understanding
this relationship could therefore clarify whether the inflammatory
biotype is not only biologically distinct but also clinically identifiable

through specific behavioural patterns, potentially underpinning
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treatment resistance and functional decline. Beyond behavioural
manifestations, psychosis has also been linked to adverse
cardiometabolic and physiological outcomes (92). Individuals with
schizophrenia exhibit elevated rates of metabolic syndrome,
cardiovascular disease, and premature mortality (93), a burden partly
associated with inflammatory activation and its interaction with lifestyle
factors and antipsychotic exposure. Inflammatory markers such as CRP
have been historically associated with alterations in blood pressure (94),
glycaemic control, lipid profiles (95) and cardiac conduction parameters
(96), suggesting that inflammatory subgroups may also differ in their
somatic risk trajectories. For this reason, the present study includes
secondary physiological and laboratory outcomes—such as blood
pressure, QTc interval, HbAlc, and LDL cholesterol —to explore whether
the inflammatory phenotype is associated not only with behavioural
severity but also with early indicators of cardiometabolic vulnerability.

Clarifying these links—ideally in large real-world datasets—could
bridge biological stratification and clinical translation, informing early,
treatment-specifying strategies (e.g., LAls or clozapine) for patients at

higher biological and clinical risk.

5. Translational relevance of bio-typing inflammation in psychosis

and potential therapeutic implications

If inflammatory activation could delineate a subgroup of psychotic
patients characterized by more severe behavioural dysregulation and
treatment resistance, this may have direct therapeutic implications.

Evidence consistently indicates that treatment-resistant psychosis (TRP)
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represents a distinct and prognostically unfavourable trajectory, with up
to one-quarter of individuals with a first episode of psychosis (FEP)
failing to respond to two adequate trials of antipsychotics (97).
Clozapine, the most effective treatment for TRP (98), remains
underutilized despite robust evidence for its superiority across domains
including symptom remission, relapse prevention, and reduced early
mortality (99-101). Moreover, clozapine exerts unique anti-suicidal
effects, with multiple studies in schizophrenia and schizoaffective
disorder demonstrating reductions in suicidal ideation and behaviour.
Evidence from the landmark International Suicide Prevention Trial
(InterSePT) (102) led the U.S. Food and Drug Administration (FDA) to
approve clozapine as the only medication indicated for the treatment of
suicidality in these populations (103).

Barriers include concerns about rare but serious adverse events such as
myocarditis (104), bowel obstruction (105), and agranulocytosis (106), as
well as the burden of mandatory haematological monitoring (107). In
addition to rare but severe adverse events, clozapine is also associated
with frequent metabolic complications (108), including weight gain,
insulin resistance, and constipation (109), which may require proactive
management. In selected high-risk individuals, early introduction of
metformin has been proposed to mitigate metabolic deterioration (110).
Nonetheless, survey data suggest that most patients would not refuse
clozapine if appropriately informed (111). Instead, reluctance often stems
from clinician-level factors, with some psychiatrists preferring high-dose
antipsychotic polypharmacy despite the lack of supporting evidence
(112).

18



Because treatment resistance can be identified within three to four
months of illness onset (113), early intervention services provide an ideal
setting for clozapine initiation and close monitoring of metabolic and
inflammatory parameters. This approach is supported by longitudinal
evidence from specialized early psychosis programs (114,115), showing
that the proportion of FEP patients who will later meet TRP criteria
remains relatively stable (~10%), underscoring the feasibility of early
detection and stratified treatment.

Parallel to this, long-acting injectable antipsychotics (LAls) represent
another strategy that may address the clinical challenges associated with
inflammatory and behaviourally severe psychoses. LAIs were developed
to mitigate the high rates of non-adherence (116) and relapse observed
with oral antipsychotics (117,118), which are particularly frequent in
early illness phases (119,120). Recent evidence demonstrates that LAls
reduce rehospitalization, relapse, and treatment failure compared with
oral formulations (121-124).

Importantly, both systematic reviews and real-world data suggest that
LAls may be particularly beneficial in early psychosis (125-130),
improving symptom control and adherence while reducing relapse risk
(127,129).

In summary, if inflammatory activation delineates a subgroup of
psychotic patients who are more behaviourally severe and more
treatment-resistant, then recognizing these individuals from the very
tirst episode becomes clinically crucial. When elevated peripheral
markers (e.g., CRP) co-occur with signs of behavioural dysregulation —

such as agitation, impulsivity, or the need for coercive interventions—
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early identification of an inflammatory-behavioural phenotype could
immediately inform the use of therapeutic strategies already proven to
be most effective in severe psychoses, such as clozapine and long-acting
injectable antipsychotics (LAls). Implementing these approaches earlier
may reduce relapse rates, hospitalizations, and overall clinical burden.

To achieve this level of early stratification, it is first necessary to
demonstrate the existence of this phenotype in real-world cohorts and to
establish its association with poorer behavioural outcomes. This is
precisely the aim of the present study: to leverage real-world data to
identify a subgroup of patients with elevated systemic inflammation and
greater behavioural severity compared with non-inflammatory cases.
Within this framework, TriNetX, a global federated network of
anonymized electronic health records, provides the scale and granularity
needed to detect and validate this phenotype in real clinical
populations—paving the way for an evidence-based approach to

precision psychiatry from illness onset.

6. The rationale for using real-world data (TriNetX)

Investigating complex psychiatric phenotypes requires large,
ecologically valid datasets that capture the heterogeneity often excluded
from randomized trials; real-world evidence bridges experimental rigor
and clinical practice, enabling the study of longitudinal trajectories,
treatment patterns, and outcome variability in naturalistic settings.
TriNetX (www.trinetx.com) represents one of the most advanced
federated, cloud-based research networks currently available,

integrating anonymized electronic health records (EHRs) from a broad
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consortium of healthcare organizations, including hospitals, primary
care systems, and specialized treatment centres. Approximately two-
thirds of its contributors are academic health institutions, ensuring both
high data quality and clinical granularity. Through its web-based
analytics platform, TriNetX enables the creation of cohorts, the
application of propensity score matching, and comparative outcome
analyses, all while adhering to strict ethical and legal governance
standards. The identity of participating institutions and their individual
data contributions remain undisclosed to preserve institutional
confidentiality.

The present study utilizes the TriNetX Analytics network, which
aggregates data from approximately 58.6 million patients aged 18-90
years across 54 healthcare organizations in the United States. The
database offers comprehensive longitudinal information on
demographics, diagnoses (based on ICD-10 codes), medications,
procedures, and laboratory parameters, enabling the integration of
biological, behavioural, and pharmacological dimensions in large-scale
analyses.

A retrospective, multicentric cohort design of this magnitude is essential
to explore the existence of an inflammatory phenotype of psychosis. This
design allows simultaneous assessment of biological and behavioural
markers across heterogeneous real-world populations, increasing both
the validity and generalizability of findings.

Different studies on schizophrenia spectrum disorders have used

TriNetX data across pharmacological (131-133), forensic (134),
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epidemiological (135), and consultation-liaison psychiatry (136,137)
domains.

To date, no multicentric cohort study has systematically examined the
relationship between systemic inflammation and behavioural severity in
psychosis, nor attempted to empirically delineate a phenotype
characterized by inflammatory activation and more severe disease
patterns. Thus, this research represents the first real-world investigation
aimed at identifying the trajectory towards a psychosis biotype—an

endeavour with direct therapeutic implications.

7. Aims and hypothesis

In summary, converging evidence indicates that schizophrenia and
related psychoses encompass multiple biological subtypes, among which
immune-inflammatory dysregulation has emerged as a promising
determinant of clinical heterogeneity. Increasing data suggest that
systemic low-grade inflammation may define a subgroup of patients
with more severe symptomatology, cognitive impairment, and poorer
treatment response. However, the behavioural correlates of
inflammation—particularly regarding agitation, impulsivity, and
aggression—remain insufficiently explored, despite their substantial
clinical and societal relevance.

The primary hypothesis of this study is that two cohorts of clinically
distinct phenotypes defined a priori—Higher Severity Schizophrenia
Spectrum Disorders (HS-SSDs) and Lower Severity Schizophrenia
Spectrum Disorders (LS-SSDs)—would differ in terms of all-cause

mortality, hospitalization rates, and indicators of systemic inflammation.
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More specifically, we hypothesized that the higher-severity phenotype
would be associated with increased inflammatory burden and worse
clinical outcomes, consistent with the presence of a biologically more
severe inflammatory subgroup within the schizophrenia spectrum.

As secondary objectives, we explored whether somatic risk indicators,
including QTc interval, metabolic parameters, and blood pressure,
differed between the two groups, in order to assess whether the putative
inflammatory phenotype also corresponded to a more adverse
traditional cardiometabolic profile.

Accordingly, the objective of this study was to compare long-term
clinical and safety outcomes associated with the severity of SSDs in a
large real-world population, focusing on epidemiologically and medico-

legally relevant endpoints such as mortality and hospitalization.

23



Methods

This retrospective cohort study utilized data from the TriNetX network
and adhered to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines for reporting clinical research
(138). The dataset provided comprehensive information on patient
diagnoses, pharmacological treatments, and clinical outcomes, enabling
an in-depth analysis of long-term clinical and safety outcomes in adults
with schizophrenia spectrum disorders with documented antipsychotic
exposure in the electronic health record. Data extraction and analysis
were conducted on February 3, 2026, from electronic medical records
obtained from healthcare organizations across multiple countries, with
most data originating from institutions in the United States. A total of 139
providers responded for the HS-SSD cohort and 153 for the LS-SSD
cohort. The final HS-SSD cohort included 139,281 patients, and the LS-
SSD cohort included 803,899 patients, totalling 943,180 patients in the
study.

The analysis process consisted of two main stages: defining the cohorts
using specified query criteria and setting up and performing the
statistical analyses. The first stage involved defining the inclusion criteria
for both cohorts. Patients in the HS-SSD cohort were identified based on
the diagnoses (schizophrenia; delusional disorders; brief psychotic
disorder; schizoaffective disorders; other psychotic disorder not due to a
substance or known physiological condition; unspecified psychosis not
due to a substance or known physiological condition), current
antipsychotic treatments, at least one of the following signs/events:

hospitalization in the last 6 months, intentional self-harm, hospital
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admission, hallucinations, and unspecified stupor, restlessness and
agitation. Patients in the LS-SSD cohort were identified based on the
same diagnoses and antipsychotic treatments and the absence of the
above reported severity signs/events. The HS-SSD cohort was
intentionally operationalized using pragmatic EHR-based indicators of
recent clinical instability, including agitation/restlessness codes, self-
harm events, and hospitalization-related codes within a defined time
window. This approach was adopted to approximate, in real-world data,
a clinically meaningful “high-instability” trajectory that cannot be
directly captured through standardized symptom scales in TriNetX.
Accordingly, subsequent hospitalization was not conceptualized as a
tully independent endpoint, but rather as a severity-validating outcome
reflecting the persistence of clinical instability over longitudinal follow-
up.

The index event, marking the initiation of the observation period, was
defined as the first recorded simultaneous presence of the diagnostic
criteria, antipsychotic treatment, and severity signs/events. Patients
whose index event occurred more than 20 years prior to the analysis date
were excluded from the study to ensure data relevance; no subjects were
excluded for this reason.

The second stage involved defining the observation period and outcomes
of interest. Outcomes were assessed starting one day after the index
event, no end date was specified, and all outcomes after the first
occurrence of the index event were included. The primary outcomes
included all-cause mortality, hospitalization rates, and inflammatory

state. Mortality was defined as any recorded death during the
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observation period. Hospitalization rates were defined as any recorded
hospital admission event during the observation period.

Inflammatory states were defined by C-reactive protein [mass/volume]
levels > 3.00 mg/L (139) in serum, plasma, or blood and lactate
dehydrogenase [enzymatic activity/volume] levels > 220 U/L (140) in
serum or plasma, using the most recent available measurements.

The secondary outcomes focused on physiological and laboratory-based
measures. These included diastolic blood pressure, QTc interval, HbAlc
levels, and LDL cholesterol. Laboratory values were assessed based on
the most recent available measurements recorded during the observation
window.

Propensity score matching was wused to balance Dbaseline
sociodemographic and clinical characteristics between the two cohorts
(141). To control for potential confounding, propensity scores were
estimated using logistic regression based on key baseline covariates: age,
sex, ethnicity, presence of sleep disorders, body mass index (BMI), and
systolic blood pressure. These variables were selected based on their
potential association with both disease severity and clinical outcomes. A
1:1 nearest-neighbor matching algorithm without replacement was
applied to generate two balanced cohorts of 140,862 patients each.
Matching was conducted using the estimated propensity scores, and
balance between cohorts was confirmed through standardized
differences. Patients with pre-existing outcomes prior to the index event
were excluded from the analysis to ensure that observed events reflected
new-onset outcomes during the follow-up period. This approach reduces

bias and enhances clarity in assessing treatment effects, which is
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particularly valuable in retrospective studies where randomization is not
feasible (141).

Statistical analyses included measures of association, Kaplan-Meier
survival analysis, number of instances analysis, and laboratory results
analyses. Measures of association calculated risk differences, risk ratios,
and odds ratios. Survival probabilities were estimated using Kaplan-
Meier analysis (142), with hazard ratios derived from Cox models (143).
Number of instances analysis assessed the burden of each outcome over
the observation window, while laboratory results analyses considered
mean values, standard deviations, and conducted t-tests for independent
groups. The complete study methods are detailed in Appendix 1.

Data completeness and quality were ensured through the standardized
approach of the TriNetX network, which maintains consistency in
coding, event timing, and data sanitization across participating
healthcare organizations.

All analyses were performed on de-identified data, adhering to privacy

regulations, with no need for ethical approval or patient consent.
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Results

Starting from a total of 943,180 patients, we included in the final analysis
two balanced cohorts of 140,862 patients each, following the application
of exclusion criteria and propensity score matching.

Both cohorts included 56.75% males and 43,25% females with a mean age
of 46.2 years (SD =19.7) (Table 1).

All study outcomes showed significant differences between the HS-SSD
and LS-SSD cohorts over the five-year observation period. All-cause
mortality was observed in 12.38% of patients in the HS5-5SD cohort and
11.58% in the LS-SSD cohort (risk ratio [RR] = 1.068; 95% CI = 1.047-1.09;
p <0.001), indicating a higher risk of mortality in the HS-SSD cohort (risk
difference [RD] = 0.008; z = 6.469; p < 0.001). Kaplan-Meier analysis
confirmed these findings with a slightly higher mortality risk in the HS-
SSD over about 20 years (hazard ratio [HR] = 1.096; 95% CI =1.073-1.119;
chi-squared=4.887; p = 0.027) (Tables 2 and 3, Figure 1).

Hospitalizations were 0.56% in the HS-5SD cohort and 0.02% in the LS-
SSD cohort (RR = 24.594; 95% CI = 17.272-35.018; p < 0.001), reflecting a
higher risk of hospitalization in the HS-SSD cohort across the observation
period with a RD of 0.005 (z = 26.420; p < 0.001). For inflammation,
patients in the HS-SSD cohort showed a higher risk of having positive
inflammatory markers (12.55%) as compared to the LS-SSD cohort
(11.3%) (RR = 1.11; 95% CI = 1.086-1.135; p < 0.001) with a RD of 0.012 (z
=9.375; p <0.001).

Focusing on secondary outcomes, QTc interval values were slightly
lower in the HS-SSD cohort (mean = 432.564; SD = 34.607 ms) compared
to the LS-SSD cohort (mean =434.841; SD = 35.56 ms) (t=-6.939; p <0.001).
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Abnormal HbAlc levels were lower in the HS-SSD cohort (mean = 5.88;

SD =1.418) compared to the LS-SSD cohort (mean = 5.977; SD =1.49) (t =

-11.325; p < 0.001). LDL levels were lower in the HS-SSD cohort (mean =

90.836; SD = 35.147) compared to the LS-SSD cohort (mean = 92.882; SD =

36.413) (t = -9.777, p < 0.001). Other secondary outcomes showed

statistically significant differences (Table 3). Figure 1 below displays

Kaplan-Meier survival analysis comparing higher-severity (green) and

lower-severity (purple) schizophrenia spectrum disorder (SSD) cohorts.

Table 1. Baseline characteristics after Propensity Score Matching (N =

140,862 per cohort)
Characteristic HS-SSD (Higher LS-SSD (Lower
Severity) Severity)
Number of patients 140,862 140,862
Mean age (SD) 46.2 (19.7) 46.2 (19.7)
Male (%) 56.7% 56.8%
Not Hispanic or Latino (%) 70.4% 70.4%
Sleep disorders (%) 24.3% 24.3%
BMI (mean, SD) 27.7 (7.4) 28.3 (7.8)
Systolic BP (mean, SD) 125.6 (19.7) 126.0 (19.2)
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Table 2. Primary Clinical Outcomes

Outcome HS- LS-  Risk Ratio Risk p-
SSD SSD  (95% CI) Difference value
(%) (%)
All-cause | 12.38  11.58 1.068 0.008 <0.001
mortality (1.047-
1.090)
Hospitalization | 0.56 0.02 24.594 0.005 <0.001
(17.272-
35.018)
Inflammation | 12.55  11.30 1.110 0.012 <0.001
markers? (1.086—
1.135)

2 Based on CRP > 3.0 mg/L or LDH 2> 220 U/L; excludes patients with
prior inflammation: HS-SSD (N = 117,687), LS-SSD (N = 120,726)

Table 3. Secondary Outcomes

Outcome HS-SSD LS-SSD t- p-
(Mean*SD) (Mean+SD) statistic value
HbAlc (%) | 5.88 +1.42 598 +1.49 -11.33 <0.001
QTcinterval (ms) | 432.56 +34.61 434.84 £35.56 -6.94 <0.001
LDL cholesterol | 90.84 £35.15  92.88 +36.41 -9.78 <0.001
(mg/dL)
Diastolic BP | 74.44 + 14.38 7457 +14.17  -2.02 0.044
(mmHg)
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Figure 1. Kaplan-Meier survival analysis comparing higher-severity
(green) and lower-severity (purple) schizophrenia spectrum disorder
(8SD) cohorts. Each cohort included 140,862 patients. All-cause
mortality occurred in 17,433 patients (12.38%) in the higher-severity (HS-
SSD) cohort and 16,318 patients (11.58%) in the lower-severity (LS-SSD)
cohort. Median survival was not reached in either group. The estimated
survival probability at the end of the observation period was 57.62% for
HS-SSD and 57.60% for LS-SSD. The log-rank test showed a statistically
significant difference between survival curves (x2 =70.493, df =1, p <
0.001). The hazard ratio was 1.096 (95% CI: 1.073-1.119), indicating a
modest but significant increased risk of mortality in the HS-SSD cohort

(proportionality test: x2=4.887, df =1, p = 0.027).
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Discussion

1. Main results interpretation

The results are consistent with the hypothesis of an inflammatory-
behavioural phenotype within the psychosis spectrum. Specifically,
patients in the higher-severity schizophrenia spectrum disorders (HS-
SSD), cohort had a significantly greater prevalence of positive
inflammatory markers compared to those in the lower-severity (LS-SSD)
cohort, even after applying rigorous exclusion criteria and achieving
balanced groups through propensity score matching. Although the
absolute differences in risk were relatively small, the consistent and
statistically significant elevation in inflammation, all-cause mortality,
and hospitalization rates in the HS-SSD group suggests a clinically
meaningful association between illness severity and adverse health
outcomes. These findings were further corroborated by the Kaplan-
Meier survival analysis, which demonstrated a sustained and
statistically significant increase in long-term mortality risk among
patients with HS-SSD. Although an alternative analytic strategy could
have involved modelling inflammatory markers continuously across the
entire sample, we opted for an a priori severity-based stratification to
approximate clinically meaningful trajectories identifiable in real-world
practice. This approach reflects a translational logic: clinicians encounter
patients in terms of instability patterns rather than isolated biomarker

values.
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2. Towards the inflammatory biotype

The present findings are broadly consistent with previous studies
suggesting the existence of an inflammatory subgroup within the
psychosis spectrum. Several investigations have reported that only a
subset of patients shows persistent peripheral inflammatory activation,
and that this subgroup is associated with severe negative symptoms
(144), altered brain structure (145), and reduced response to
antipsychotic treatment (146). These observations have supported the
hypothesis of an inflammatory biotype contributing to the biological
heterogeneity of psychotic disorders.

However, most of the available evidence derives from relatively small or
highly selected samples and has focused mainly on neurobiological or
cognitive correlates, rather than on global clinical severity and real-world
outcomes. In this context, the present study extends previous findings by
showing, in a large multicentric real-world cohort, that higher clinical
severity within the schizophrenia spectrum is associated with a greater
prevalence of systemic inflammation, as well as with increased mortality
and hospitalization rates. The results support the interpretation of
systemic inflammation as a marker of a clinically more severe subgroup
of psychotic patients. Rather than representing a nonspecific
epiphenomenon, inflammatory activation may reflect a distinct
pathophysiological trajectory associated with worse outcomes, in line
with models conceptualizing psychosis as a heterogeneous syndrome

composed of partially distinct biological subtypes.
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3. Inflammation and clinically relevant behaviour

The implications of these findings are not merely interpretative or
classificatory. The identification of a greater inflammatory burden in the
higher-severity schizophrenia spectrum cohort was accompanied by
consistently worse clinical outcomes, including higher all-cause
mortality and a markedly increased rate of hospitalization events. In
parallel, positive inflammatory markers (CRP > 3 mg/L or LDH > 220
U/L) were observed more frequently in the HS-SSD group. Taken
together, these results suggest that systemic inflammation may be
associated with a more malignant illness trajectory within the
schizophrenia spectrum. Nevertheless, an increase in natural cause-
mortality associated with higher CRP in schizophrenia populations had
already been established in smaller samples (147).

This interpretation is broadly consistent with previous studies linking
elevated inflammatory markers to greater symptom severity (148-150)
and treatment resistance (151). Instead, hospitalization rate differences
were never previously investigated in large population studies, but
hospitalized patients with higher CRP levels were more aggressive (152).
Earlier investigations have also suggested that a subset of patients with
psychosis may exhibit an inflammatory-behavioural phenotype, in
which biological dysregulation is reflected not only in laboratory
abnormalities but also in increased clinical instability (153) and poorer
functional outcomes, such as worse working memory (154) and cognitive
function (155) which, in routine clinical viewpoints, are strongly
associated with long-term disability. Moreover, in some cases, clinical

instability may manifest as aggressive behaviour (156) - underlying the
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need for coercive or intensive interventions in hospitalized settings.
Interestingly, previous data have associated lower cholesterol levels with
increased hetero-aggressive behaviour in psychiatric populations (157).
In this perspective, the slightly lower LDL levels observed in the HS-SSD
cohort may not necessarily indicate a protective metabolic profile but
could reflect biological correlates of behavioural dysregulation. These
results strengthen the rationale for considering inflammation not only as
a biological correlate of psychosis, but also as a potential marker of
clinical risk, with direct implications for early stratification and treatment

planning.
4. Mortality outcome

Beyond behavioural severity, the present findings also indicate a modest
but consistent increase in all-cause mortality among patients in the
higher-severity schizophrenia spectrum cohort. Over the observation
period, mortality was observed in 12.38% of HS-SSD patients compared
with 11.58% of LS-SSD patients (RR = 1.068; 95% CI = 1.047-1.09), with
survival analysis confirming a sustained increase in long-term mortality
risk. At the same time, the HS-SSD cohort showed a higher prevalence of
positive inflammatory markers, suggesting a convergence between
clinical severity, inflammatory activation, and adverse somatic
outcomes. The very large between-cohort difference in hospitalization
should be interpreted in light of the study design. Because the H5-SSD
cohort was defined using indicators of recent clinical instability that
include hospitalization-related codes, the hospitalization outcome

captures, in part, the longitudinal persistence of an instability trajectory
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rather than representing an entirely independent clinical endpoint.
Importantly, however, the observation window extended beyond the
index definition, supporting the interpretation that the HS-SSD group
represents a clinically distinct trajectory characterized by recurrent
service needs. In this context, hospitalization primarily functions as a
construct-validating marker of severity, whereas the key inferential
outcomes of the study concern mortality and inflammatory burden.
These findings are in line with a large body of literature showing that
individuals with schizophrenia experience substantially reduced life
expectancy (158), largely driven by cardiovascular and metabolic
comorbidities (159). Systemic inflammation has been repeatedly
implicated as a shared biological mechanism linking psychopathology
severity, metabolism dysregulation, and premature mortality (160,161).
Chronic low-grade inflammation may contribute both to the progression
of psychoticillness —through neuroimmune and neurotoxic mechanisms
(162)—and to the development of cardiometabolic conditions that
represent the leading causes of death in this population (163).
Furthermore, as suicide accounts for 5% of death causes in schizophrenia
populations (164), the fact that neuroinflammation plays an established
role in suicidal behaviour as well supports the results of the present
study (165).

Notably, the HS-SSD cohort also showed a modestly higher prevalence
of positive inflammatory markers compared with LS-SSD. This pattern
is consistent with the hypothesis that clinical instability in psychosis may
co-occur with higher systemic inflammatory burden in a subset of

patients. Given the heterogeneity of real-world cohorts and the
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nonspecific nature of CRP/LDH, these findings should be considered
hypothesis-generating rather than definitive evidence of a discrete
inflammatory biotype. Within this framework, the coexistence of greater
clinical severity, higher inflammatory burden, and increased mortality in
the HS-SSD cohort supports the hypothesis that inflammation may
represent a common biological pathway underlying both mental and
somatic deterioration. Rather than being limited to symptom expression,
inflammatory dysregulation may characterize a subgroup of patients
with a more globally aggressive disease trajectory, affecting both

behavioural stability and long-term physical health outcomes.
5. Somatic outcomes

With regard to secondary somatic outcomes, the HS-SSD cohort showed
statistically significant but quantitatively small differences compared
with the LS-SSD group across all measured parameters. Patients in the
higher-severity cohort displayed slightly lower: mean HbAlc levels,
LDL cholesterol concentrations, diastolic blood pressure; and slightly

shorter QTc intervals.

At first glance, these findings may appear counterintuitive, as the
literature consistently shows that patients with more severe
schizophrenia tend to present higher cardiometabolic risk (166),
including impaired glucose metabolism (167), dyslipidaemia (168), and
increased cardiovascular mortality (169). However, the present results
indicate that, despite slightly more favourable traditional metabolic
markers, the HS-SSD cohort still exhibited both higher inflammatory

burden and increased all-cause mortality. This apparent dissociation
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suggests that standard cardiometabolic indicators may not fully capture
the mechanisms underlying somatic risk in more severe forms of

psychosis.

One possible explanatory framework is the existence of partially distinct
biological trajectories within the schizophrenia spectrum. While some
patients appear to follow a more classical cardiometabolic pathway —
characterized by weight gain, insulin resistance, dyslipidaemia, and
long-term treatment effects (170) — others may exhibit a predominantly
inflammatory or immune-driven profile (171). In this latter subgroup,
systemic inflammation may represent an early and primary
pathophysiological process, associated with greater clinical instability
and higher mortality risk. This distinction may also be compatible with
a temporal model of illness progression. Early or biologically more
aggressive forms of psychosis may be dominated by immune activation
(172,173), stress-related neuroinflammatory mechanisms, and recurrent
acute episodes (174), whereas distinct phenotypes characterized by more
prominent negative or deficit-like features (175) may be increasingly
shaped by treatment-related metabolic changes and sedentary lifestyle
(176). It is plausible that patients with more stable courses were more
adherent to antipsychotics with prominent antihistaminergic properties,
potentially favouring metabolic changes while partially reducing
inflammatory activation. From this perspective, the coexistence of higher
inflammatory burden, greater hospitalization, and increased mortality —
despite slightly more favourable metabolic markers—in the HS-SSD
cohort may reflect a primarily immune-driven disease trajectory, rather

than a metabolically mediated one.
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The direction of the differences is therefore conceptually relevant.
Because the propensity score matching procedure balanced key
metabolic covariates—such as BMI and systolic blood pressure—
between cohorts, these findings cannot simply be attributed to baseline
metabolic imbalance. Rather, they suggest that the inflammatory signal
observed in the HS-SSD group may reflect a biological vulnerability that
is at least partially independent from classical metabolic risk factors.
Such a pattern could be related to underlying neuroimmune or genetic
mechanisms, including polygenic or haplotypic susceptibilities (177,178),
that are not adequately reflected by routine clinical markers. It is also
noteworthy that several antipsychotics with stronger antihistaminergic
properties (e.g., olanzapine, clozapine) have been associated both with
greater weight gain and with anti-inflammatory effects. Therefore,
greater exposure to these compounds in more clinically stable patients
could theoretically contribute to a metabolic worsening accompanied by
partial attenuation of inflammatory markers. This pharmacodynamic
dissociation may partly account for the observed divergence between

metabolic and inflammatory indices across cohorts.

In this perspective, inflammation may represent an upstream
pathophysiological process, whose clinical consequences are more
clearly expressed through mortality as a hard outcome than through
small differences in cross-sectional laboratory averages. This pattern is
compatible with the hypothesis that the inflammatory-behavioural
phenotype represents a biologically distinct subgroup within the
schizophrenia spectrum, not merely a more metabolically compromised

one. Building on previous evidence that inflammation may characterize
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only a subset of patients with schizophrenia (179), the present results
suggest that this subgroup may follow a biological trajectory partially
distinct from the classical cardiometabolic pathway, supporting the
hypothesis of partially independent inflammatory and metabolic

phenotypes within the schizophrenia spectrum.

From a longitudinal perspective, these findings should not be interpreted
as a simple cross-sectional metabolic advantage in the HS5-5SD cohort. As
key metabolic covariates such as BMI and blood pressure were balanced
at baseline, the slightly lower cardiometabolic indices observed in the
higher-severity cohort are unlikely to be explained solely by differences
in baseline metabolic status or treatment exposure. Instead, these results
may point to partially distinct biological trajectories within the
schizophrenia spectrum. The HS-SSD cohort was characterized by higher
inflammatory burden, greater hospitalization, and increased mortality
across the observation period, despite comparable baseline metabolic
profiles. This pattern suggests that, in a subset of patients, illness severity
and excess mortality may be primarily driven by immune—-inflammatory
mechanisms rather than by classical cardiometabolic risk factors. In other
words, the subgroup with the highest inflammatory activation also
exhibited the worst longitudinal outcomes, even in the absence of a more
adverse traditional metabolic profile. In this perspective, inflammatory
and metabolic alterations may reflect parallel but only partially
overlapping pathophysiological pathways. Some patients may follow a
predominantly inflammatory trajectory, marked by greater clinical
instability, more frequent relapses, and higher mortality, even in the

absence of pronounced metabolic derangement. Others may present a
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more metabolically driven profile, characterized by chronic functional
impairment and higher cardiometabolic burden, but a comparatively
more stable clinical course. The present findings are consistent with the
hypothesis that these trajectories represent biologically distinct
subgroups within the schizophrenia spectrum, rather than different

stages of a single metabolic progression.

An additional, non-mutually exclusive explanation concerns treatment
exposure and adherence patterns. In routine clinical practice, patients
with a more chronic, deficit-oriented course often show greater treatment
continuity and cumulative exposure to antipsychotic medication, which
is known to increase weight, insulin resistance, and lipid abnormalities.
Conversely, patients with more unstable or relapsing trajectories may
experience discontinuous treatment, frequent switches, or shorter
cumulative exposure, which could attenuate the emergence of overt
metabolic abnormalities despite greater clinical severity. Although this
hypothesis cannot be directly tested in the present dataset, it may partly
account for the dissociation observed between inflammatory burden,

clinical outcomes, and traditional metabolic indicators.

Taken together, the coexistence of higher inflammatory burden, greater
hospitalization, and increased mortality in the HS-SSD cohort—despite
slightly more favourable metabolic markers—supports the
interpretation of an inflammatory-behavioural phenotype characterized
by intrinsically higher biological vulnerability. This pattern suggests that
excess mortality in more severe psychosis may not be fully explained by

conventional cardiometabolic risk factors but may also reflect immune-
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inflammatory mechanisms that are only partially captured by standard
metabolic measures. Accordingly, these secondary outcomes should be
interpreted as exploratory and hypothesis-generating, highlighting the
need for future longitudinal studies focusing on incident

cardiometabolic events and integrated biological profiles.

6. Translational implications: early stratification and precision-

guided treatment

Taken together, the present findings point to a clinically meaningful
pattern: the HS-SSD cohort showed a convergence of increased
inflammatory burden, greater hospitalization, and higher all-cause
mortality. While the absolute differences in inflammation and mortality
were modest, their consistency across endpoints—within a large,
balanced real-world sample—supports the interpretation that a
subgroup of patients may follow a more malignant trajectory
characterized by both biological vulnerability and clinical instability. In
practical terms, this pattern aligns with the concept of an inflammatory—
behavioural phenotype: a subset in which systemic inflammatory
activation co-occurs with markers of higher severity and adverse

outcomes.

This interpretation is broadly coherent with existing evidence indicating
that treatment-resistant psychosis constitutes a distinct and
prognostically unfavourable course that can often be identified early in
the illness (180,181), and that earlier use of high-efficacy or adherence-
enhancing strategies may improve long-term outcomes. Clozapine

remains the most effective intervention for treatment-resistant psychosis,
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yet delays in initiation are common despite data supporting benefits on
relapse, hospitalization, and mortality-related endpoints (182). In
parallel, long-acting injectable antipsychotics have repeatedly been
associated with improved adherence and reduced relapse and
rehospitalization, with signals suggesting particular utility in early
phases where non-adherence is a key driver of relapse (183). Within this
framework, identifying a biologically more severe subgroup is not
simply a classificatory exercise: it has direct implications for how

psychosis should be managed from the early stages.

The specific contribution of the present study is to connect this
translational logic to a scalable stratification approach. Rather than
relying on small, highly selected samples or on purely symptomatic
definitions, the present results suggest that even routinely available
inflammatory markers—together with real-world indicators of
severity —may help delineate a subgroup at increased clinical risk within
the schizophrenia spectrum. If inflammatory activation marks patients
who are more unstable, more frequently hospitalized, and at higher
mortality risk, then inflammation becomes a candidate “treatment-
specifying” signal: a biomarker that can support earlier escalation to
interventions already known to be most effective in severe trajectories,
including earlier consideration of clozapine and/or earlier adoption of

LAIs to mitigate relapse risk driven by discontinuation.

In this sense, the findings strengthen the precision psychiatry rationale
outlined in the Introduction: heterogeneity in psychosis is not only

theoretical, but potentially actionable. Demonstrating that biological
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stratification (inflammation) maps onto clinically meaningful severity
patterns in real-world cohorts is a necessary step toward implementing
early, stratified care pathways—aimed at reducing relapse,
hospitalization burden, coercive interventions, and premature mortality
in the subgroup that stands to lose the most from delayed optimization

of treatment.
7. Future perspectives

Taken together, the present findings may support a model in which
schizophrenia spectrum disorders encompass at least partially distinct
biological trajectories. In the current dataset, a subgroup of patients
characterized by higher clinical instability showed increased
inflammatory burden, greater hospitalization rates, and higher
mortality, despite slightly more favourable traditional metabolic
indicators. This pattern is consistent with the hypothesis of a
predominantly immune-inflammatory phenotype, biologically distinct

from a metabolic trajectory.

Emerging evidence from neuroimaging studies also points in a similar
direction. For instance, large-scale structural analyses have identified at
least two neuroanatomical patterns within the psychosis spectrum,
characterized by different cortical and subcortical alterations (diffuse vs
basal ganglia centred degeneration), suggesting the presence of
biologically heterogeneous subtypes rather than a single disease process
(184). Moreover, more aggressive and severe forms of schizophrenia may
present with a higher Local Gyrification Index (LGI), suggesting

distinguished neurodevelopmental trajectories influencing symptoms
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development (185). Aggressive and severe forms of schizophrenia have
also historically shown to onset at an earlier age in comparison with
classical forms of the disease (186-188). In this context, the inflammatory
and metabolic trajectories observed in the present study may represent

partially overlapping but distinct pathophysiological pathways.

From a historical and psychopathological perspective, this conceptual
distinction may also echo classical descriptions of different clinical forms
of schizophrenia, such as more disorganized or catatonic presentations
versus more deficit-oriented or paranoid forms, which were recognized
in earlier nosological systems (189). Although these traditional categories
were abandoned in modern diagnostic manuals, the convergence of
biological, neuroanatomical, and clinical evidence may suggest that such
heterogeneity reflects underlying pathophysiological diversity rather

than purely descriptive variation.

Within this framework, the inflammatory-behavioural phenotype
identified in the present study may represent a more aggressive
trajectory, distinct from a more metabolically driven and clinically stable
course, further supporting the need for biologically informed
stratification approaches in psychosis. Table 4 below summarizes the

main differences in support of the hypothesis of different phenotypes.

DOMAIN INFLAMMATORY METABOLIC
PHENOTYPE PHENOTYPE
Laboratory profile Inflammatory alterations =~ Metabolic alterations
Earlier nosology/presentation Hebephrenic / catatonic Simplex / paranoid
Behavioural profile Greater aggressiveness Lower aggressiveness
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Epidemiology Earlier onset Standard onset
Course of illness More frequent Fewer hospitalizations
hospitalizations
Neuroanatomical pattern Diffuse degeneration Basal ganglia—predominant
degeneration
Neurodevelopmental features Increased gyrification Reduced gyrification

Table 4. Summary of main differences in the hypothesis of

schizophrenia inflammatory vs metabolic phenotypes
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Strengths and limitations

The present study has several strengths. First, it is based on a large,
multicentric real-world cohort, including more than 280,000 individuals
with schizophrenia spectrum disorders after propensity score matching.
The scale of the sample provides substantial statistical power and allows
the inclusion of heterogeneous clinical profiles, more closely reflecting
routine psychiatric populations than highly selected clinical trials.
Second, the study integrates biological, clinical, and outcome-related
variables within the same analytic framework. By combining
inflammatory markers with indicators of illness severity, hospitalization,
and mortality, it offers a more comprehensive view of the possible
inflammatory-behavioural phenotype, extending previous studies that
were limited to smaller samples or to single biological domains. Third,
the use of propensity score matching enabled the construction of two
balanced cohorts, reducing major sociodemographic and clinical
imbalances and strengthening the internal validity of the comparisons.
Fourth, the very large sample size and the real-world nature of the
dataset increase the external validity of the findings and reduce the
likelihood that observed associations are driven by small-sample
artefacts or highly selected clinical subgroups. In large-scale
observational cohorts, random confounding factors and local clinical
practices tend to distribute more evenly across groups, making
consistent differences across multiple endpoints less likely to reflect
spurious associations. In this sense, the convergence of inflammatory,
mortality, and hospitalization outcomes within a large, heterogeneous

population represents a particularly robust signal.
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Several limitations should also be considered. First, although propensity
score matching was applied, the adjustment was restricted to a limited
number of baseline variables. Residual confounding related to
unmeasured factors—such as illness duration, substance use, medication
exposure, or socioeconomic conditions — cannot be excluded, though can
be partially overcome by the large number of individuals per each
cohort. However, these conditions may have partially distinct etiological
pathways, which could introduce heterogeneity within the cohort. We
were unable to comprehensively control for non-metabolic medical
comorbidities (e.g., cardiac arrhythmias, autoimmune disorders), which
may differ across severity groups and independently influence
inflammatory markers and mortality risk. The dataset did not allow for
a detailed analysis of concomitant lipid-lowering or anti-inflammatory
medications (e.g., statins), which may influence both metabolic and
inflammatory markers. Differential prescription patterns across severity
groups could therefore partially contribute to the observed laboratory
differences. Moreover, the inclusion of related psychotic diagnoses such
as schizoaffective and delusional disorders reflects a pragmatic
“psychosis spectrum” approach based on shared treatment exposure and
clinical instability patterns. Therefore, findings should be interpreted
within a broader psychosis spectrum framework rather than as strictly
limited to DSM-defined schizophrenia. Second, clinical severity was
operationalized through proxy indicators available in electronic health
records, such as hospitalization, agitation, or self-harm codes. These
markers reflect clinically meaningful events but do not replace

standardized symptom scales and therefore provide an indirect estimate
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of behavioural severity. Third, the secondary somatic outcomes were
based on cross-sectional laboratory and physiological parameters rather
than incident cardiometabolic events. This limits conclusions about
longitudinal cardiometabolic risk and may partly account for the
apparent dissociation between slightly more favourable metabolic
indices and higher mortality in the higher-severity cohort. Fourth,
clinical severity was operationalized using EHR-based proxy indicators
of recent clinical instability, including hospitalization-related codes.
Consequently, analyses involving subsequent hospitalization are subject
to partial definitional overlap and may overestimate between-cohort
differences. Therefore, hospitalization results should be interpreted
primarily as supporting the persistence of an instability trajectory
(construct validation), rather than as an independent causal outcome. In
contrast, mortality and inflammatory outcomes do not enter the cohort
definition and provide more independent evidence of longitudinal
differences between groups. Finally, as with all retrospective real-world
studies, the analysis is subject to potential variability in coding practices,
missing data, and limited information on treatment adherence, dosing,
and illness course. The observational design also precludes causal
inferences regarding the relationship between inflammation, severity,

and outcomes.

Despite these limitations, the convergence of increased inflammatory
burden, higher hospitalization rates, and greater mortality within a large,
matched cohort supports the internal consistency of the findings and

provides a solid basis for future prospective studies.
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Conclusions

In this large real-world cohort of individuals with schizophrenia
spectrum disorders, higher clinical severity was consistently associated
with increased systemic inflammation, greater hospitalization burden,
and elevated all-cause mortality. These findings support the hypothesis
that a subgroup of patients may follow a more malignant trajectory
characterized by the convergence of biological vulnerability and clinical
instability.

The results are consistent with the hypothesis of an inflammatory-
behavioural phenotype within the psychosis spectrum, in which
systemic inflammatory activation is linked to more severe clinical and
somatic outcomes. Importantly, this association emerged in a large,
balanced real-world population, extending previous observations from
smaller or more selected samples.

At the same time, the observation that the higher-severity cohort showed
greater inflammatory burden and worse outcomes despite slightly more
favourable traditional metabolic indices suggests that inflammatory and
cardiometabolic alterations may represent partially distinct biological
pathways within the schizophrenia spectrum. This pattern is compatible
with the hypothesis that the inflammatory phenotype reflects a
biologically more aggressive trajectory, not necessarily mediated by
classical metabolic risk factors.

From a translational perspective, the identification of such a phenotype
has direct clinical implications. If inflammatory activation marks patients
at higher risk of adverse trajectories from the earliest stages of illness, it

may serve as a practical stratification signal to guide earlier
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implementation of high-efficacy or adherence-enhancing treatments,
such as clozapine or long-acting injectable antipsychotics. Further
prospective and mechanistic studies are needed to clarify the biological
pathways underlying this association and to determine whether
inflammation-guided treatment strategies can improve long-term
outcomes in psychosis. Perhaps, the search for different biotypes brings
us one step closer to the biological distinctions that Kraepelin had

already intuited more than a century ago.
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Appendix 1

Methods

The analysis process includes two main steps: 1) Defining the cohorts
through query criteria; 2) Setting up and running the analysis. Setting up
the analysis requires definitions for the index event, outcomes criteria,
and the time frame. Compare outcomes supports four analyses:
Measures of Association, Survival, Number of Instances and Lab result
distribution. These analyses have additional options that are listed in the
Outcomes Definitions and Analyses Specifications section below.
Furthermore, characteristics of the cohorts that are balanced using
propensity score matching are also included in the Propensity Score
Matching section.

Cohorts definition

This section lists all terms used in the definitions of the two cohorts.

Query Criteria for Cohort 1 (query name: high-severity)

This query was run on the network Global Collaborative Network with 170
HCO(s) queried and 169 HCO(s) responded. A total of 139 provider(s)
responded with patients. The final cohort included 139,281 patients who
matched the query criteria listed in the table below. For the text
representation of the query criteria please see Appendix A.

Group 1
Group 1A diagnoses
must have any of diagnosis UMLS:ICD10CM:F20 Schizophrenia
diagnosis UMLS:ICD10CM:F22 Delusional disorders
diagnosis UMLS:ICD10CM:F23 Brief psychotic disorder
diagnosis UMLS:ICD10CM:F25 Schizoaffective disorders
diagnosis UMLS:ICD10CM:F28 Other psychotic disorder not due to a
substance or known physiological
condition
diagnosis UMLS:ICD10CM:F29 Unspecified psychosis not due to a
substance or known physiological
condition
and medication NLM:ATC:NO5A ANTIPSYCHOTICS
date constraint The terms in this group occurred at any time
event relationship Any instance of severity signs occurred within 6 months on or before any instance of
diagnoses

Group 1B severity signs
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must have any of

laboratory

diagnosis
procedure

diagnosis
diagnosis
diagnosis

UMLS:LNC:93681-5

UMLS:ICD10CM:X71-X83
UMLS:SNOMED:3248500
7

UMLS:ICD10CM:R44.3
UMLS:ICD10CM:R40.1
UMLS:ICD10CM:R45.1

Number of times hospitalized in last 6
months (between 1.00 and 5.00 {#})
Intentional self-harm

Hospital admission

Hallucinations, unspecified
Stupor
Restlessness and agitation

Query Criteria for Cohort 2 (Qquery name: low-severity)

This query was run on the network Global Collaborative Network with 170
HCO(s) queried and 169 HCO(s) responded. A total of 153 provider(s)
responded with patients. The final cohort included 803,899 patients who
matched the query criteria listed in the table below.

Group 1
Group 1A diagnoses
must have any of diagnosis UMLS:ICD10CM:F20 Schizophrenia
diagnosis UMLS:ICD10CM:F22 Delusional disorders
diagnosis UMLS:ICD10CM:F23 Brief psychotic disorder
diagnosis UMLS:ICD10CM:F25 Schizoaffective disorders
diagnosis UMLS:ICD10CM:F28 Other psychotic disorder not due to a
substance or known physiological
condition
diagnosis UMLS:ICD10CM:F29 Unspecified psychosis not due to a
substance or known physiological
condition
and medication NLM:ATC:NO5A ANTIPSYCHOTICS

date constraint
event relationship

The terms in this group occurred at any time

Any instance of severity signs occurred within 6 months on or before any instance of

diagnoses
Group 1B severity signs
cannot have procedure UMLS:SNOMED:3248500 Hospital admission
7
or laboratory UMLS:LNC:93681-5 Number of times hospitalized in last 6
months (between 1.00 and 5.00 {#})
or diagnosis UMLS:ICD10CM:R44.3 Hallucinations, unspecified
or diagnosis UMLS:ICD10CM:R40.1 Stupor
or diagnosis UMLS:ICD10CM:X71-X83 Intentional self-harm
or diagnosis UMLS:ICD10CM:R45.1 Restlessness and agitation
Analysis Setup

This section contains the Index Event and Time Window definitions and a
list of selected outcomes and the analyses.
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Index Event & Time Window Definitions

The index event defines the point in time when each patient in the cohort
enters the analysis. To define an index event for the cohort, one or more
criteria for the cohort must be selected. The index date for each patient
within a cohort is the day on which the patient first met the selected
criteria for the cohort (listed in the table below).

As the index event defines the earliest time point after which outcomes
are analyzed, the time window defines the duration during which
outcomes are analyzed. The time window can start on the same day as
the index event or at any specified time interval after the index event. The
time window can end any time after the start date. Outcomes are defined
as diagnoses, medications, procedures, or laboratory values that
happened in the time window starting after the first occurrence of the
index event.

Time Window Used in this Analysis

This analysis included outcomes that occurred in the time window that
started 1 day after the first occurrence of the index event. Since no end
date was specified all outcomes after the first occurrence of the index
event were included.

The index event only includes events that occurred up to 20 years ago.
Patients whose index event occurred 20 years or more ago are excluded. In
this analysis, 0 patients in Cohort 1 and 0 patients in Cohort 2 were
excluded because they met the index event more than 20 years ago.

Index Events Used in this Analysis

Index events for the Compare Outcomes analysis were derived from the
cohort definitions. Index events were defined separately for each cohort
and were based on the criteria used in the original cohort definition.
Please see Appendix B for the text representation of the index event
definition.

The index event for Cohort 1 (query name: high-severity) was defined as
the following:

Group 1
Group 1A diagnoses
must have any of diagnosis UMLS:ICD10CM:F20 Schizophrenia
diagnosis UMLS:ICD10CM:F22 Delusional disorders
diagnosis UMLS:ICD10CM:F23 Brief psychotic disorder
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diagnosis UMLS:ICD10CM:F25 Schizoaffective disorders

diagnosis UMLS:ICD10CM:F28 Other psychotic disorder not due to a
substance or known physiological
condition

diagnosis UMLS:ICD10CM:F29 Unspecified psychosis not due to a
substance or known physiological
condition

and medication NLM:ATC:NO5A ANTIPSYCHOTICS

date constraint
event relationship

The terms in this group occurred at any time

Any instance of severity signs occurred within 6 months on or before any instance of

diagnoses
Group 1B severity signs
must have any of laboratory UMLS:LNC:93681-5 Number of times hospitalized in last 6
months (between 1.00 and 5.00 {#})
diagnosis UMLS:ICD10CM:X71-X83 Intentional self-harm
procedure UMLS:SNOMED:3248500 Hospital admission
7
diagnosis UMLS:ICD10CM:R44.3 Hallucinations, unspecified
diagnosis UMLS:ICD10CM:R40.1 Stupor
diagnosis UMLS:ICD10CM:R45.1 Restlessness and agitation

The index event for Cohort 2 (query name: low-severity) was defined as the

following:
Group 1
Group 1A diagnoses
must have any of diagnosis UMLS:ICD10CM:F20 Schizophrenia
diagnosis UMLS:ICD10CM:F22 Delusional disorders
diagnosis UMLS:ICD10CM:F23 Brief psychotic disorder
diagnosis UMLS:ICD10CM:F25 Schizoaffective disorders
diagnosis UMLS:ICD10CM:F28 Other psychotic disorder not due to a
substance or known physiological
condition
diagnosis UMLS:ICD10CM:F29 Unspecified psychosis not due to a
substance or known physiological
condition
and medication NLM:ATC:NO5A ANTIPSYCHOTICS

date constraint
event relationship

The terms in this group occurred at any time

Any instance of severity signs occurred within 6 months on or before any instance of

diagnoses
Group 1B severity signs
cannot have procedure UMLS:SNOMED:3248500 Hospitaladmission
7
or laboratory UMLS:LNC:93681-5 Number of times hospitalized in last 6
months (between 1.00 and 5.00 {#})
or diagnosis UMLS:ICD10CM:R44.3 Hallucinations, unspecified
or diagnosis UMLS:ICD10CM:R40.1 Stupor
or diagnosis UMLS:ICD10CM:X71-X83 Intentional self-harm
or diagnosis UMLS:ICD10CM:R45.1 Restlessness and agitation
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Analyses Specifications

The Compare Outcomes Analytic supports four types of analyses:
Measure of Association, Survival, Number of Instances, and Lab result
distribution. The first three analyses support the “exclude patients with
outcomes prior to the window” setting. This option can exclude patients
from the analysis if they are not at risk for an outcome (e.g., if the outcome
is a chronic disease). When "exclude patients with the outcome prior to
the time window" is not checked, all patients in the cohort are included in
the analysis, regardless of whether they had the outcome prior to the time
window. When "exclude patients with the outcome prior to the time
window" is checked, patients are excluded from the analysis if their record
includes the outcome prior to the beginning of the time window. This
selection will exclude all patients with the outcome prior to the index
event. If the start of the time window for the analysis falls some days after
the index event, patients will also be excluded if they have the outcome
between the index event and the start of the time window.

Measure of Association Analysis

The Measure of Association Analysis calculates and compares the fraction
of patients with the selected outcome. The output summary includes:
Patients in each Cohort (count of patients meeting query criteria); Patients
with Outcome in each Cohort (of the patients in the cohort, count of
patients that had the outcome in the time window); and Risk (the fraction
of patients in the cohort that have the outcome in the time window, i.e.
Patients with Outcome / Patients in Cohort). In addition, Risk Difference
(the difference in the risks in Cohort 1 and Cohort 2), Risk Ratio (the ratio
of the risks in Cohort 1 and Cohort 2), and Odds Ratio (the ratio of the
odds in Cohort 1 and Cohort 2). The bar chart shows the risk of the
outcome for the both cohorts.

Survival Analysis

The Kaplan-Meier Analysis estimates probability of the outcome at a
respective time interval (daily time interval is used in this analysis). In
order to account for the patients who exited the cohort during the analysis
period, and therefore should not be included in the analysis, censoring is
applied. Inthis analysis, patients are removed from the analysis
(censored) after the last fact in their record.

The output summary includes: Patients in each Cohort (count of patients

meeting query criteria); Patients with Outcome (of the patients in the
cohort, count of patients that had the outcome in the time window);
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Median Survival (the number of days when the survival drops below 50%;
the “-” indicates that survival does not drop below 50% during the time
window); and Survival Probability at End of Time Window (the % survival at
the end of the time window). In addition, Log-Rank test, Hazard Ratio and
test for Proportionality.

Number of Instances Analysis

The Number of Instances Analysis calculates how many times the
outcome occurred in the time window. This analysis includes two
additional settings: include patients with zero instances; the definition of
aninstance.

Selecting to exclude patients with zero instances will remove these
patients from the calculations for mean number of instances, standard
deviation, or median. The histogram showing the distribution of patients
by number of instances will not contain a bar for zero. Alternatively, by
selecting to include patients with zero instances, the mean, standard
deviation, and median for number of instances will reflect these patients.
The histogram will contain a bar for zero patients.

The definition of an instance affects how counts are analyzed. By selecting
Date, each calendar date on which any of the terms selected in the
outcome are recorded will represent one instance. For example, if the
outcome is “Med A or Med B,” and a patient has “Med A” on January 3, then
both medications on January 4, then “Med B” on January 6, then that
patient is considered to have three instances-January 3, January 4, and
January 6. Note that if an outcome occurs across several dates (e.g. Visit:
inpatient encounter), then only the start date is tracked for the purpose of
counting instances. A patient who begins at stay on January 1, ends that
stay on January 3, begins another stay on January 10, and ends that stay
onJanuary 15, is considered to have two instances of the outcome.

Selecting Visit as an Instance will count any visit that includes the
outcome as one instance, regardless of how many times it occurred. For
instance, consider a patient administered an analgesic on each of the
three days that make up an inpatient stay following some index event. If
analgesic is an outcome, these three administrations will represent only
one instance, because all three are associated with the same visit.

The output summary includes: Patients in Cohort (count of patients

meeting query criteria); Patients with Outcome (of the patients in the
cohort, count of patients that had the outcome in the time window); Mean
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(mean of the counts); Standard Deviation (standard deviation of the
counts); Median (median of the counts); and Median (1+ instances) when
patients with zero instances included in the analysis. In addition, T-Test
statistics testing for the difference between the cohorts is included.

Laboratory Results Analysis

Lab Results can be included in the analysis only for the outcomes that are
labs. Only the most recent lab values in the time window are included. For
the lab results that are numeric, the outcome summary includes: Patients
in Cohort (count of patients meeting query criteria); Patients with
Outcome (of the patients in the cohort, count of patients that had the
outcome in the time window); Mean (mean of the counts); and Standard
Deviation (the standard deviation for lab values across patients in the
cohort). In addition, T-Test statistics testing for the difference between the
cohorts isincluded.

For the non-numeric lab results, three values are reported: counts of
Negative; Positives; and Unknowns.

The counts are represented in the bar chart as percentages of the total
counts.

Outcome Definitions

Table below outlines the definitions for each outcome and the analysis
specifications. For outcome definitions consisting of more than one term,
at least one term must match. Please see Appendix C for the text
representation of the outcome definitions.

death
Outcome definition
Demographics Deceased Deceased
Settings for the performed analyses
Risk analysis including patients with outcome prior to the time
window
Kaplan - Meier survival analysis including patients with outcome prior to the time
window

hospitalization

Outcome definition

Laboratory UMLS:LNC:93680-7 Hospitalized in the last 6 months ( (most recent
occurrence))
Procedure UMLS:SNOMED:32485007 Hospitaladmission
Settings for the performed analyses
Risk analysis including patients with outcome prior to the time
window

inflammation

Outcome definition
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Laboratory TNX:9063 C reactive protein [Mass/volume] in Serum,
Plasma or Blood (at least 3.00 mg/L (most recent
occurrence))

Laboratory TNX:9052 Lactate dehydrogenase [Enzymatic
activity/volume] in Serum or Plasma (at least
220.00 U/L (most recent occurrence))

Settings for the performed analyses

Risk analysis excluding patients with outcome prior to the time
window
HbbA1c
Outcome definition
Laboratory TNX:9037 Hemoglobin A1c/Hemoglobin.totalin Blood (

(most recent occurrence))

Settings for the performed analyses

Lab values distribution patient's most recent lab result in the selected
time window

systolic

Outcome definition

Laboratory TNX:9085 Blood Pressure, Systolic ((most recent
occurrence))

Settings for the performed analyses

Lab values distribution patient's mostrecent lab result in the selected
time window

diastolic

Outcome definition

Laboratory TNX:9086 Blood Pressure, Diastolic ( (most recent
occurrence))

Settings for the performed analyses

Lab values distribution patient's most recent lab result in the selected
time window

qtc

Outcome definition

Laboratory TNX:FINDING:2001 Corrected QT Interval (QTc) ((most recent
occurrence))

Settings for the performed analyses

Lab values distribution patient's most recent lab result in the selected
time window

Ldl

Outcome definition

Laboratory TNX:9002 Cholesterolin LDL [Mass/volume] in Serum or
Plasma ( (most recent occurrence))

Settings for the performed analyses

Lab values distribution patient's mostrecent lab result in the selected
time window

Propensity Score Matching

Propensity score matching was performed on all listed characteristics.
Characteristics of the cohorts before and after matching are summarized
in the table below.
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Cohort 1 and cohort 2 patient count before and after propensity score matching

Cohort Patient count before matching Patient count after
matching

1 - high-severity 141,728 140,862

2 - low-severity 757,956 140,862

Propensity score density function - Before and after matching (cohort 1 - purple, cohort 2 - green)

Density (% of Cohort)
Density (% of Cohort)

D ﬂ n /\/\
0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Propensity Score Propensity Score

Cohort 1 (N =141,728) and cohort 2 (N = 757,956) characteristics before propensity score matching

Demographics

Cohort Mean = SD Patients % of Cohort P-Value  Std diff.
1 46.2 +/-19.7 140,862 100%

<0. .
s Al Age atIndex 47.3+/-19.5 745,105 100% 0.001 0058
1 - 30,622 21.7%

<
9 UN Unknown Ethnicity 190,819 25.6% 0.001 0.091
1 . . . 99,144 70.4%
5 2186-5 Not Hispanic or Latino 494,657 66.4% <0.001 0.086
1 79,937 56.7%

<
9 M Male 394,271 52.9% 0.001 0.077

Diagnosis

Cohort Mean = SD Patients % of Cohort P-Value Std diff.
1 . 34,290 24.3%

<0. .
5 G47 Sleep disorders 113,542 15.2% 0.001 0.230

Laboratory

Cohort Mean = SD Patients % of Cohort P-Value Std diff.
1 27.7 +/-7.4 91,785 65.2%

<
2 9083 BMI 28.2+/-7.7 378,380 50.8% 0.001 0.065
1 91,826 65.2%

- <

9 0-0kg/m2 378,695 50.8% 0.001 0.294
1 . 125.6 +/-19.7 104,042 73.9%

<0. .
9 9085 Blood Pressure, Systolic 126.2 +/-19.7 446,488 59.9% 0.001 0.031
1 104,045 73.9%

- <0. .

9 0- 0 mm[Hg] 446,505 50.9% 0.001 0.299

Cohort 1 (N =140,862) and cohort 2 (N = 140,862) characteristics after propensity score matching

Demographics

Cohort Mean + SD Patients % of Cohort P-Value Std diff.

1 46.2 +/-19.7 140,862 100%

5 Al Age at Index 46.2 +/-19.7 140,862 100% 0.959 <0.001
0,

! UN Unknown Ethnicity 30,622 21.7% 0.993 <0.001

30,624 21.7%
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99,144

70.4%

1 . . .
9 2186-5 Not Hispanic or Latino 99,181 70.4% 0.879 0.001
1 79,937 56.7%

. <0.
5 M Male 79.940 56.8% 0.991 0.001

Diagnosis

Cohort Mean = SD Patients % of Cohort P-Value Std diff.
1 . 34,290 24.3%

. <0.
5 G47 Sleep disorders 34,082 24.3% 0.972 0.001

Laboratory
Cohort Mean = SD Patients % of Cohort P-Value Std diff.
1 27.7+/-7.4 91,785 65.2%
2 9083 BMI 28.3+/-7.8 91,755 65.1% <0.001 0.080
1 91,826 65.2%
- <
9 0-0kg/m2 91.831 65.2% 0.984 0.001
1 . 125.6 +/- 19.7 104,042 73.9%
<
5 9085 Blood Pressure, Systolic 126.0 +/- 19.2 104,049 73.9% 0.001 0.022
1 104,045 73.9%
- . <0.
2 0-0mm{Hg] 104,052 73.9% 0.976 0.001
Results

Results are summarized in the tables below. Outcomes analysis was
performed on the cohorts after propensity score matching.

1 death

Risk analysis

Cohort Patients in Patients with Risk
cohort outcome
1 high-severity 140,862 17,433 0.124
2 low-severity 140,862 16,318 0.116
95% ClI z p
Risk Difference 0.008 (0.006, 0.010) 6.469 0.000
Risk Ratio 1.068 (1.047, 1.090) N/A N/A
Odds Ratio 1.078 (1.054, 1.103) N/A N/A
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cohort 1

cohort 2

0% 10% 20% 30%

40%

50% 60% 70% 80%

% of cohort

90%

100%

Kaplan - Meier survival analysis

Patients in Patients with Median Survival probability at
Cohort . . .
cohort outcome survival (days) end of time window
1 high-severity 140,862 17,433 - 57.62%
2 low-severity 140,862 16,318 -- 57.60%
X df P
Log-Rank Test 70.493 1 0.000
Hazard Ratio 95% CI X2 df p
Hazard Ratio and 1.096 (1.073,1.119) 4.887 1 0.027
Proportionality
0.8
:J_EO.G
Eoa
.;’0.2
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
Days after index event
2 hospitalization
Risk analysis
Cohort Patients in Patients with Risk
cohort outcome
1 high-severity 140,862 787 0.006
2 low-severity 140,862 32 0.000
95% CI z p
Risk Difference 0.005 (0.005, 0.006) 26.420 0.000
Risk Ratio 24.594 (17.272, 35.018) N/A N/A
Odds Ratio 24.726 (17.3683, 35.213) N/A N/A
cohort 1
cohort 2~
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% of cohort

3 HbbA1c
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Lab values distribution

Cohort Patients in Patients with Mean Standard Deviation
cohort outcome
1 high-severity 140,862 59,678 5.880 1.418
2 low-severity 140,862 56,033 5.977 1.490
t df p
Test Statistics -11.325 115709 0.000

% of cohort

969.81000.2040.8081 01214101 8702 27 4202 83 0323 4303 8404 2444848505 23 45.03.86.06 26 46.86.87.07.2
Lab values %

121 data points for Cohort 1 and 113 data points for Cohort 2 were omitted for display purposes.

For Cohort 1, 1,199 data points for 613 patients were excluded because they were invalid or fell
outside the sanitization limit; of the 613 patients, 122 patients had no other lab in the time window.
For Cohort 2, 7,464 data points for 3,552 patients were excluded because they were invalid or fell
outside the sanitization limit; of the 3,552 patients, 740 patients had no other lab in the time window.

4 diastolic

Lab values distribution

Patients in Patients with

Cohort cohort outcome Mean Standard Deviation
1 high-severity 140,862 111,695 74.444 14.379
2 low-severity 140,862 107,936 74.567 14.173
t df p
Test Statistics -2.015 219629 0.044

% of cohort

Lab values mm[Hagl
For Cohort 1, 5,398 data points for 1,923 patients were excluded because they were invalid or fell
outside the sanitization limit; of the 1,923 patients, 281 patients had no other lab in the time window.
For Cohort 2, 26,859 data points for 11,362 patients were excluded because they were invalid or fell
outside the sanitization limit; of the 11,362 patients, 3,796 patients had no other lab in the time
window.

5QTc

Lab values distribution

Cohort Patients in Patients with Mean Standard Deviation
cohort outcome
1 high-severity 140,862 26,414 432.564 34.607
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2 low-severity 140,862 20,023 434.841 35.560

Test Statistics -6.939 46435 0.000

% of cohort

2T RERERI@ID00] B1 S ID IR I BISO0OH 10415 34085450155 6 705 TSSO

Lab values ms

For Cohort 1, 13,486 data points for 1,793 patients were excluded because they were invalid or fell
outside the sanitization limit; of the 1,793 patients, 114 patients had no other lab in the time window.
For Cohort 2, 47,336 data points for 5,992 patients were excluded because they were invalid or fell
outside the sanitization limit; of the 5,992 patients, 565 patients had no other lab in the time window.

6 LDL

Lab values distribution

Cohort Patients in Patients with Mean Standard Deviation
cohort outcome
1 high-severity 140,862 59,957 90.836 35.147
2 low-severity 140,862 56,902 92.882 36.413
t df p
Test Statistics -9.777 116857 0.000

% of cohort

Lab values ma/dL

8 data points for Cohort 1 and 10 data points for Cohort 2 were omitted for display purposes.

For Cohort 1, 1,446 data points for 721 patients were excluded because they were invalid or fell
outside the sanitization limit; of the 721 patients, 93 patients had no other lab in the time window.
For Cohort 2, 9,718 data points for 4,539 patients were excluded because they were invalid or fell
outside the sanitization limit; of the 4,539 patients, 677 patients had no other lab in the time window.
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Appendix A — Text Representation of the
Cohorts Definition

This section lists all terms used in the definitions of the two cohorts.

Query Criteria for Cohort 1 (query name: high-severity)

All the following must be satisfied: diagnoses: The terms in this group
occurred at any time  Patients must have: all of the following:

any of the following: Schizophrenia (UMLS:ICD10CM:F20); or
Delusional disorders (UMLS:ICD10CM:F22); or Brief psychotic
disorder (UMLS:ICD10CM:F23); or Schizoaffective disorders
(UMLS:ICD10CM:F25); or Other psychotic disorder not due to a
substance or known physiological condition (UMLS:ICD10CM:F28); or
Unspecified psychosis not due to a substance or known physiological
condition (UMLS:ICD10CM:F29); and ANTIPSYCHOTICS
(NLM:ATC:NO5A). severity signs: Any instance of severity signs occurred
within 6 months on or before any instance of diagnoses  Patients must
have: any of the following: Number of times hospitalized in last 6
months (UMLS:LNC:93681-5) (between 1.00 and 5.00); or

Intentional self-harm (UMLS:ICD10CM:X71-X83); or Hospital
admission (UMLS:SNOMED:32485007); or Hallucinations,
unspecified (UMLS:ICD10CM:R44.3); or Stupor
(UMLS:ICD10CM:R40.1); or Restlessness and agitation
(UMLS:ICD10CM:R45.1).

Query Criteria for Cohort 2 (Qquery name: low-severity)

All the following must be satisfied: diagnoses: The terms in this group
occurred at any time  Patients must have: all of the following:

any of the following: Schizophrenia (UMLS:ICD10CM:F20); or
Delusional disorders (UMLS:ICD10CM:F22); or Brief psychotic
disorder (UMLS:ICD10CM:F23); or Schizoaffective disorders
(UMLS:ICD10CM:F25); or Other psychotic disorder not due to a
substance or known physiological condition (UMLS:ICD10CM:F28); or
Unspecified psychosis not due to a substance or known physiological
condition (UMLS:ICD10CM:F29); and ANTIPSYCHOTICS
(NLM:ATC:NO5A). severity signs: Any instance of severity signs occurred
within 6 months on or before any instance of diagnoses  Patients cannot
have: any of the following: Hospital admission
(UMLS:SNOMED:32485007); or Number of times hospitalized in last
6 months (UMLS:LNC:93681-5) (between 1.00 and 5.00 ); or
Hallucinations, unspecified (UMLS:ICD10CM:R44.3); or Stupor
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(UMLS:ICD10CM:R40.1); or Intentional self-harm
(UMLS:ICD10CM:X71-X83); or Restlessness and agitation
(UMLS:ICD10CM:R45.1).

Appendix B — Text Representation of the
Analysis Setup

This section contains the Index Event definition for each cohort.

The index event for Cohort 1 (query name: high-severity) is defined as the
following:

All the following must be satisfied: diagnoses: The terms in this group
occurred at any time  Patients must have: all of the following:

any of the following: Schizophrenia (UMLS:ICD10CM:F20); or
Delusional disorders (UMLS:ICD10CM:F22); or Brief psychotic
disorder (UMLS:ICD10CM:F23); or Schizoaffective disorders
(UMLS:ICD10CM:F25); or Other psychotic disorder not due to a
substance or known physiological condition (UMLS:ICD10CM:F28); or
Unspecified psychosis not due to a substance or known physiological
condition (UMLS:ICD10CM:F29); and ANTIPSYCHOTICS
(NLM:ATC:NO5A). severity signs: Any instance of severity signs occurred
within 6 months on or before any instance of diagnoses  Patients must
have: any of the following: Number of times hospitalized in last 6
months (UMLS:LNC:93681-5) (between 1.00 and 5.00); or

Intentional self-harm (UMLS:ICD10CM:X71-X83); or Hospital
admission (UMLS:SNOMED:32485007); or Hallucinations,
unspecified (UMLS:ICD10CM:R44.3); or Stupor
(UMLS:ICD10CM:R40.1); or Restlessness and agitation
(UMLS:ICD10CM:R45.1).

The index event for Cohort 2 (query name: low-severity) is defined as the
following:

All the following must be satisfied: diagnoses: The terms in this group
occurred at any time  Patients must have: all of the following:
any of the following: Schizophrenia (UMLS:ICD10CM:F20); or
Delusional disorders (UMLS:ICD10CM:F22); or Brief psychotic
disorder (UMLS:ICD10CM:F23); or Schizoaffective disorders
(UMLS:ICD10CM:F25); or Other psychotic disorder not due to a
substance or known physiological condition (UMLS:ICD10CM:F28); or
Unspecified psychosis not due to a substance or known physiological
condition (UMLS:ICD10CM:F29); and ANTIPSYCHOTICS
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(NLM:ATC:NO5A). severity signs: Any instance of severity signs occurred
within 6 months on or before any instance of diagnoses  Patients cannot

have: any of the following: Hospital admission
(UMLS:SNOMED:32485007); or Number of times hospitalized in last
6 months (UMLS:LNC:93681-5) (between 1.00 and 5.00); or
Hallucinations, unspecified (UMLS:ICD10CM:R44.3); or Stupor
(UMLS:ICD10CM:R40.1); or Intentional self-harm
(UMLS:ICD10CM:X71-X83); or Restlessness and agitation

(UMLS:ICD10CM:R45.1).

Appendix C — Text Representation of the
Outcomes Definition

This analysis includes the following outcomes:

death
Patients must have:
Deceased (Deceased).

hospitalization
Patients must have:
any of the following:
Hospitalized in the last 6 months (UMLS:LNC:93680-7) ( (most recent
occurrence)); or
Hospital admission (UMLS:SNOMED:32485007).

HbbA1c
Patients must have:
Hemoglobin A1c/Hemoglobin.total in Blood (TNX:9037) ( (most recent
occurrence)).

diastolic
Patients must have:
Blood Pressure, Diastolic (TNX:9086) ( (most recent occurrence)).

QTc
Patients must have:
Corrected QT Interval (QTc) (TNX:FINDING:2001) ( (most recent
occurrence)).

LDL
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Patients must have:
Cholesterolin LDL [Mass/volume] in Serum or Plasma (TNX:9002) (
(most recent occurrence))
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