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symptoms in first episode
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Background: Negative symptoms are a core feature of psychotic disorders,
evident from the first episode of psychosis (FEP), and are strongly associated
with poor functional outcomes. Increasing evidence suggests that immune
dysregulation may contribute to negative symptom expression in FEP
individuals; however, findings remain heterogeneous. This systematic review
aimed to synthesise recent evidence on the association between peripheral
blood immune markers and negative symptoms in FEP.

Methods: A systematic search of PubMed and Scopus was conducted following
PRISMA guidelines. Observational studies published within the last five years were
included if they assessed peripheral blood immune markers and negative
symptoms in individuals with FEP and included a healthy control group. Study
quality was evaluated using the Newcastle-Ottawa Scale. Findings were
synthesised narratively due to methodological heterogeneity.

Results: Seven case-control studies met the inclusion criteria, comprising
predominantly young adults with FEP, including both antipsychotic-naive and
minimally treated individuals. Across studies, a broad range of immune markers
was assessed, most commonly IL-6, IL-1B, and TNF-o. FEP individuals generally
showed elevated levels of inflammatory markers compared with controls.
Associations between immune markers and negative symptoms were modest
but consistently positive, with IL-18 and TNF-a showing the most reproducible
associations with negative symptom severity. Findings for other cytokines were
more variable. Notably, most studies relied on total negative symptom scores, and
none examined symptom subdomains or dimensional constructs.

Conclusions: Peripheral immune dysregulation, particularly involving IL-18 and
TNF-o, appears to be associated with negative symptom severity in FEP. However,
heterogeneity in immune measurement and symptom assessment limits
mechanistic interpretation. Future studies should prioritise dimensional
assessment of negative symptoms, stratification by inflammatory profiles, and
integration of cellular immune phenotyping to better elucidate immune-
symptom relationships in early psychosis.

KEYWORDS
cytokines, first episode psychosis (FEP), immune markers, interleukin-1p, interleukin-6,
negative symptoms, peripheral blood mononuclear cells (PBMCs), tumour necrosis
factor-o
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1 Introduction

Schizophrenia and other psychotic disorders (hereafter
psychosis) are severe psychiatric disorders characterized by
positive symptoms (delusions and hallucinations), negative
symptoms (e.g., social withdrawal, reduced motivation and
pleasure, diminished expressivity), and cognitive deficits that
together substantially reduce the quality of life (1-3).
Antipsychotics used to treat psychotic symptoms were discovered
over 70 years ago and are generally effective in alleviating positive
symptoms (4, 5). However, approximately one-third of individuals
with psychosis do not respond to conventional treatment with
antipsychotics (6, 7), and negative symptoms remain a major
unmet clinical need (8).

Negative symptoms are a fundamental aspect of psychosis and
are evident even during the first episode of psychosis (FEP),
significantly impacting long-term functioning (9-11). Evidence
suggests that immune dysfunction, as measured by peripheral
blood cytokines, is implicated in sickness behaviour, motivational
withdrawal, and altered reward processing in both animal and
human studies (12). Identifying immune-related markers
associated with symptom domains that are difficult to treat, such
as negative symptoms, will be important to guide earlier and more
targeted interventions for this difficult-to-treat symptom
dimension, particularly during the early stages of psychosis, with
the potential to improve long-term functional outcomes.

Increasing evidence suggests that immune dysfunction is
involved in the pathophysiology of some individuals with
psychosis (13). Meta-analyses (14, 15) show mildly raised levels of
the acute phase protein C-reactive protein (CRP) and cytokines,
such as interleukin (IL)-6, IL-17, tumour necrosis factor (TNF)-c,
interferon (IFN)- v, and transforming growth factor (TGF)-B, in the
blood of individuals with FEP relative to controls, even before
antipsychotic treatment. Evidence of potential causality is
supported by longitudinal studies showing that peripheral blood
inflammation precedes the onset of psychosis (16) and by genome-
wide associations studies showing a strong association between
schizophrenia and the major histocompatibility complex on
chromosome six, which is implicated in several immune
pathways (17).

Recent studies also suggest that chronic low-grade
inflammation in psychosis may contribute to the development
and persistence of negative symptoms, particularly in the early
stages of psychosis (18), but findings are heterogeneous across the
studies. For example, the latest systematic review in FEP identified
ten studies assessing associations between negative symptoms and
peripheral blood immune markers (18). Levels of IL-1B, IL-6, IL-2,
TNF-o, and IL-4 were positively associated with the severity of
negative symptoms in FEP. Levels of IL-10 were negatively related,
while no differences were found for IFN-y, IL-8, IL-12, or IL-17.
Notably, these associations were not replicated across the studies
(the only exception being the IL-10 association observed in two
studies). These mixed results underscore the need for further
investigations into the relationship between peripheral blood
immune markers and negative symptoms in FEP.
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The aim of this systematic review was to provide updated
evidence on the association between peripheral immune markers
and negative symptoms in FEP individuals. We also provide
evidence of peripheral blood immune markers in FEP compared
with controls. We focused on FEP individuals to minimize
confounding related to illness chronicity and long-term
pharmacological treatment exposure. We did not restrict to
antipsychotic-naive samples to maximise study identification and
capture a broader representation of the early-stage
psychosis population.

2 Methods

This systematic review was conducted and reported according
to the Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines (19) (Supplementary Table S1).

2.1 Search strategy and study selection
criteria

A systematic search was performed on December 16, 2025,
using the PubMed and Scopus databases. Search terms were
constructed using keywords and Medical Subject Headings
(MeSH), with truncation (*) applied where appropriate to capture
variant word endings. In addition to electronic searches, we
manually searched relevant lists of the retrieved articles for
eligible studies that may have been missed. Titles and abstracts
were screened rigorously to identify potentially relevant studies.
Systematic reviews and meta-analyses were excluded at the
search stage.

We provided the complete search strategy in the
Supplementary Material.

We focused on observational studies (case-control, cross-
sectional, or longitudinal). Interventional studies were excluded.
Articles were not restricted exclusively to antipsychotic-naive
samples in order to maximise study identification and reflect real-
world early psychosis cohorts.

2.1.1 Inclusion criteria

Studies were included if they met the following criteria: i)
included participants with an established diagnosis of FEP; ii)
measured of inflammatory markers in blood (serum or plasma);
iii) evaluated negative symptoms in FEP; iv) included controls
without psychosis diagnosis; v) original studies with humans; vi)
written in English; vi) published within the five years preceding the
final search (December 16, 2025).

2.1.2 Exclusion criteria
Studies were excluded if they met one of the following criteria: i)
experimental studies (e.g., in vitro studies, genetic studies, animal

models); ii) review articles, posters, conference abstracts, editorials,
letters, protocols, systematic reviews, meta-analyses, or intervention
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studies; iii) no measurement of peripheral blood immune markers
in FEP; iv) no assessment of negative symptoms in FEP; v) not
aimed to correlate/associate negative symptoms with blood
inflammatory markers in FEP; vi) full text not available; vii) not
written in English.

2.2 Data extraction and analysis

Screening and data extraction were conducted by the first
author with close supervision and discussion with the fourth
author. Both the first and fourth authors manually searched
relevant lists of the retrieved articles for eligible studies that may
have been missed. Any uncertainties were discussed until a
consensus was reached. All the records were exported to
Rayyan (20).

Study screening and selection were conducted using a two-stage
process, consisting of title and abstract screening, followed by full-
text review of potentially eligible articles. A total of 1,624 records
were identified, and from these, fifty-four duplicated records were
excluded. Afterwards, titles and abstracts of the remaining 1,570
articles were reviewed according to the inclusion and exclusion
criteria. A total of 1,557 records were not eligible and were excluded.
Thirteen articles were eligible for full-text assessment, and an
additional four articles were identified through reference list
screening. Of the seventeen records eligible for full-text
assessment, ten studies were excluded, resulting in a total of seven
studies that met the inclusion criteria. Figure 1 illustrates the review
process using the PRISMA flow diagram.

Full articles included in this review were analysed according to
the following characteristics: study design, age, sex, country of
residency, sample size, study population, the types of peripheral
blood inflammatory markers measured, the instruments used to
assess negative symptoms, and direction of the reported
associations between negative symptoms and peripheral blood
inflammatory markers in FEP.

2.3 Quality assessment and risk of bias

Quality assessments for each of the included studies were done
using the Newecastle-Ottawa Scale (NOS) (21) for case-control
studies (Supplementary Table S2). The NOS comprises eight
items and evaluates study quality based on three domains:
selection (representativeness and source of sample), comparability
(study design and analyses), and exposure (for cohort studies).
Studies were classified based on their total star rating, ranging from
0 (“poor”) to 9 (“good”).

3 Results

3.1 Overview of studies included in the
systematic review

An overview of the studies included in the review is presented in

Table 1. Seven case-control studies were included in the systematic
review (22-28). Studies were conducted in China (n = 3), Serbia
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(n = 1), Egypt (n = 1), Brazil (n = 1), and the United States (n = 1).
All studies employed cross-sectional analyses of case-control
studies, comparing individuals with FEP to control participants
without psychosis.

Five studies included drug-naive individuals with first-episode
schizophrenia (22, 23, 25-27), whereas two studies included
minimally treated FEP samples (24, 28). Sample sizes in FEP
groups ranged from n=20 (23) to n=134 participants (28), and
control groups ranged from n=20 (23) to n=235 individuals (28).
Across studies, participants were predominantly young adults, with
mean ages ranging from the mid-20s to early 30s, and males
comprised approximately 50-65% of FEP samples in most cohorts.

Negative symptoms were assessed using the PANSS negative
subscale (PANSS-N) in five studies (22, 23, 25-27), the Scale for the
Assessment of Negative Symptoms (SANS) in one study (24), and
an OPCRIT-derived negative symptom factor in another study (28).
Higher PANSS-N, SANS, and OPCRIT-derived negative symptom
factor scores indicate higher levels of negative symptoms. Mean
PANSS-N scores across studies ranged from approximately 19 to
30, indicating moderate negative symptom severity (Table 2).

Cytokines were measured through blood sampling with prior
fasting (24-27) or with unspecified protocols (22, 23, 28).
Confounding factors were inconsistently controlled in the
analyses across the included studies. Detailed information about
confounding factors is provided in Supplementary Table S2.

3.2 Methodological quality

Methodological quality, assessed using the NOS, ranged from 6
to 8 out of 9 points, indicating overall moderate to good quality
across studies (Table 2). In general, all studies clearly defined cases
using standardized diagnostic criteria (DSM-IV, DSM-V, or ICD-
10) and structured diagnostic interviews (SCID or MINI), and
control groups were consistently defined as psychiatrically
healthy individuals.

Limitations were primarily related to incomplete control for
potential confounders (e.g., body mass index or smoking status in
some studies) and, in one study, an imbalance in sex distribution
between cases and controls (25). Nevertheless, most studies
achieved high NOS scores due to robust case definitions and
exposure ascertainment.

3.3 Peripheral blood immune markers in
FEP compared with controls

A wide range of peripheral immune markers were assessed
across studies (Table 2; Supplementary Table S3). Six studies
measured immune-related markers in the peripheral blood
(serum or plasma), with only one exception (24), which measured
immune-related markers from the supernatant of unstimulated
(media only) or stimulated (e.g., lipopolysaccharide, LPS)
peripheral blood mononuclear cells (PBMCs).

The most frequently measured cytokines were IL-6 (five
studies), IL-1f (four studies), and TNF-o (four studies). IL-10
was measured in three studies, while IL-2, TGF-f, IFN-y, and
IL-4 were measured in two studies. Other immune-related
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FIGURE 1

PRISMA flow diagram.

markers (IL1-0, IL-15, TNF-B, IFN-0.2, Eotaxin, IL-8, CXCL10/IP-
10, CCL2/MCP-1, CCL4/MIP-1p, IL-12 (p40), IL-12 (p70), IL-5,
IL-13, IL-17, G-CSF, GM-CSF, IL-7, S100B, NGF, NT-3) were
measured by a single study (24), while another (27) also
measured oxidative stress markers concomitantly to cytokines in
the peripheral blood of participants (SOD, GSH-Px, CAT, MDA).

Overall, despite the methodological heterogeneity across the
studies, FEP individuals exhibited higher levels of several
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inflammatory cytokines and other immune-related markers
compared with controls (Supplementary Table S3). For example,
IL-6 was elevated in FEP relative to controls in four of the five
studies that assessed this cytokine (23, 26-28), with one study
reporting no significant differences (22). IL-1P3 concentrations were
significantly higher in FEP participants relative to controls in three
of four studies (22, 26, 28). One study reported no between-group
differences on IL-1f, but with a different methodology (measures
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TABLE 1 Characteristics of studies included in the review.

10.3389/fpsyt.2026.1782134

FEP Controls
. \| N
Characteristic Age Age
: . (male/ (male/
(diagnosis) f (mean + SD) (mean + SD)
emale) female)
Binic et al. (2025) . Case-control FEP/drug naive
Serb 38 (23/15 27.63 + 6.84 22 (14/8 2991 + 6.46
(22) eroia (cross-sectional) (ICD-10, MINT) (23/15) (14/8)
Ella et al. (2024) Case-control First episode schizophrenia/
E 2 11 + 8.1 20 (10/1 125+ 7.
(23) gypt (cross-sectional) drug naive (DSM IV/SCID-1) 0 (9711) 30 £8.19 0 (10/10) 31.25 % 7.37
Corsi-Zuelli et al. Brazil Case-control FEP/treated 134 (89/45) 299+ 11.9 235 (126/109) 316 £ 114
i 9 £ 11. 6 £ 11.
(2024) (28) (cross-sectional) (DSM-1V, SCID-CV)
FEP with affective disorder
(bipolar or major depression)/ 22 22.0
treated (16/6) (13.25 29.6)*
Hughes et al. USA Case-control (DSM-1V, SCID-1) 45 20.7
(2022) (24) (cross-sectional) 28/17 (13.7; 37.0)*
FEP with non-affective
R 31 21.1
disorder/treated 6/5) (13.3; 26.8)*
(DSM-1V, SCID-1) e
Lin et al. (2021) . Case-control First episode schizophrenia/
Ch 51 (32/19 27.51 £ 8.71 114 (21/93 4431 + 14.40
(25) mna (cross-sectional) drug naive (DSM V/SCID-1) (32/19) (21/93)
Dai et al. (2020) . Case-control First episode schizophrenia/
Chi 37 (20/17 242 £ 6.5 60 (32/28 24.6 £ 3.8
(26) mna (cross-sectional) drug naive (DSM-1V) (20117) (32/28)
Zhu et al. (2020) . Case-control First episode schizophrenia/
hi 11 4. 29.07 + 7.71 1 29.38 + 7.21
(27) China (cross-sectional) drug naive (DSM-1V, SCID-1) 9 (76/43) 90777 35 (80/55) 93827

*Expressed as minimum-maximum.

FEP, First episode psychosis; ICD-10, International Classification of Diseases, 10th Revision; SCID, Structured Clinical Interview for DSM Disorders; MINI, Mini-International Neuropsychiatric

Interview.

from PBMCs supernatants) (24). TNF-o. levels were consistently
elevated in FEP relative to controls in all four studies that measured
this cytokine (24, 25, 27, 28).

Out of the three studies that measured IL-10, two found
significantly elevated levels in FEP versus controls (22, 28). For
other cytokines (e.g., IL-2, TGF-f, IFN-y, and IL-4), these were
measured in two studies with different methodologies, and findings
were inconsistent, with elevated levels not replicated across
the studies.

Oxidative stress markers measured in peripheral blood showed
a mixed pattern, with reduced GSH-Px and elevated MDA in FEP,
while SOD and CAT did not differ from controls (27).

Several cytokines measured from unstimulated PBMC
supernatant were significantly higher in FEP individuals with
affective psychosis relative to controls, in particular IL-1p, IL-6,
TNE-0, IFN-y, IL-4, and IL-17 (24).

3.4 Association between peripheral blood
immune markers and negative symptoms
in FEP

Associations between negative symptoms and peripheral blood
immune markers are presented in Table 2.

Overall, associations between immune-related markers and
negative symptoms were of moderate strength and positively
related, suggesting higher levels of immune markers associated
with more severe negative symptoms, with no study reporting
inverse associations.

Frontiers in Psychiatry 05

IL-1B showed the most consistent association with negative
symptoms. Significant positive associations between IL-1f levels
and negative symptom severity were reported in all four studies that
assessed this relationship (22, 24, 26, 28). Correlation coefficients
and regression estimates indicated moderate effect sizes, suggesting
that higher IL-1 concentrations were associated with more severe
negative symptoms.

From the four studies that assessed associations between TNF-o.
levels and negative symptoms, significant positive associations
indicating higher TNF-o. and worse negative symptoms were
found in two studies (24, 27). No significant association was
found in the other two studies (25, 28).

Findings for IL-6 were mixed. Of the five studies assessing
associations with negative symptoms, only the study (24) reported a
significant positive association between higher IL-6 levels measured
in unstimulated PBMC supernatants and more severe negative
symptoms measured by SANS. This association was observed
specifically in FEP individuals with affective psychosis, but not in
non-affective FEP individuals.

The study with unstimulated PBMCs (24) also found significant
positive associations between higher levels of other immune
markers (specifically IFN-y, IL-4, IL-17, eotaxin, GM-CSF, and
IL-12p40) and more severe negative symptoms measured by
SANS total scores. The IFN-y and IL-4 associations were not
replicated in another study that measured these markers in
plasma and evaluated negative symptoms using the OPCRIT (28).
Eotaxin, GM-CSF, and IL-12 (p40) were not assessed by
other studies.
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TABLE 2 Peripheral immune markers and negative symptoms in FEP individuals.

Association between

10.3389/fpsyt.2026.1782134

Negative symptom Peripheral blood blood immune markers Total NOS
Author (year) a ; i
(mean + SD) immune marker and negative symptom (out of 9)
severity®
IL-1 iti lati
Binic et al. (2025) (22) PANSS-N (23.45 + 6.34) IL-6, IL-1B, IL-10, IL-2 B positive correlation 8
(p =0.374, p = 0.021)
Ella et al. (2024) (23) PANSS-N (30.35 + 5.34) IL-6 IL-6 NS (r = -0.228, p = 0.333) 8
Corsi-Zuelli et al. (2024) OPCRIT IL-6, IL-1B, IL-10, TNF-o,, TGF-B, IL-1B positive association s
(28) (bifactor model) IFN-v, IL-4 (beta = 0.25, p=0.013)
IL-1P: positive correlation
(p=0.334., p=0.02)
IL-6: positive correlation (p=0.346.,
p=0.016)
TNEF-o: positive correlation
IL-6, IL-1B, IL-10, IL-2, TNE-0, (p=0.314., p=0.03)
TGF-B, IEN-y, IL-4, IL1-q, IL-15, IFN-y: positive correlation
TNE-B, IFN-02, Eotaxin, IL-8, (p=0.390., p=0.006)
ANS: XCL10/IP-10, CCL2/MCP-1, IL-17: iti lati =0.347,
Hughes et al. (2022)° (24) SANS. B CXCL10/IP-10, CCL2/MC positive correlation(p=0.3 6
7 (3-8) CCLA4/MIP-1, IL-12 (p40), IL-12 p=0.016)
(p70), IL-5 IL-4: positive correlation (p=0.354.,
IL-13, IL-17, G-CSF p=0.014)
GM-CSF, IL-7 Eotaxin positive correlation
(p=0.353, p=0.014)
GM-CSF positive correlation
(p=0.366, p=0.011)
IL-12(p40): positive correlation
(p=0.287, p=0.048)
Lin et al. (2021) (25) PANSS-N (18.94 + 7.49) TNF-o TNEF-o NS (beta = 0.14, p = 0.360) 6
IL-1 iti iati beta =
Dai et al. (2020) (26) PANSS-N (24.1 + 3.3) IL-6, IL-1, S100B, NGF, NT-3 B positive association (beta 7
0.811, p<0.001)
TNEF-o positive association
Zhu et al. (2020) (27) PANSS-N (26.89 + 7.33) TNEF-0, SOD, GSH-Px, CAT, MDA 8
(r = 037, p<0.001)

“Higher scores on PANSS-N, SANS and OPCRIT indicate higher levels of negative symptoms.

PPositive associations/correlations indicate that higher immune marker levels were related to greater negative symptom severity.

‘Immune markers measured from supernatant from PBMCs (media only).
dResults expressed as median (interquartile range).

PANSS-N, Positive and Negative Syndrome Scale-Negative Subscale; OPCRIT, Operational Criteria Checklist for Psychotic Illness; SANS, Scale for the Assessment of Negative Symptoms; NS,
Non-significant; p, Spearman’s correlation coefficient; r, Pearson’s correlation coefficient; IL, Interleukin; TNF, Tumor Necrosis Factor; TGF, Transforming Growth Factor; IFN, Interferon;
CXCL, Motif Chemokine Ligand; CCL, Motif Chemokine Ligand; G-CSF, Granulocyte Colony-Stimulating Factor; GM-CSF, Granulocyte-Macrophage Colony-Stimulating Factor; S100p,
Calcium-Binding Protein Beta; NGF, Nerve Growth Factor; NT3, Neurotrophin-3; SOD, Superoxide Dismutase; GSH, Glutathione; CAT, Catalase; MDA, Malondialdehyde NOS, Newcastle-

Ottawa Scale.

4 Discussion

In this systematic review, we synthesised evidence published
within the last five years examining the relationship between
peripheral blood immune markers and negative symptoms in
FEP. Overall, the findings suggest that pro-inflammatory immune
activity is present early in the course of psychosis and that specific
cytokines — most consistently IL-13 and TNF-o, - may be associated
with greater negative symptom severity. Collectively, the findings
point to a possible relationship between heightened immune
activity and greater negative symptom burden in early psychosis,
while highlighting the need for more refined approaches to both
negative symptom assessment and immune phenotyping in FEP.

The findings of this review are broadly consistent with and
extend previous work (18) evaluating the relationship between
peripheral blood immune markers and negative symptoms in
FEP. In line with Dunleavy et al. (2022), we observed evidence of
elevated peripheral blood inflammation in FEP, including among
antipsychotic-naive individuals, alongside modest but reproducible
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associations between inflammation and negative symptoms, most
notably IL-1f and TNF-a. Cytokines such as IL-13 and TNF-o are
central mediators of immune activation and have been widely
implicated in sickness behaviour, motivational withdrawal, and
altered reward processing in both animal and human models
(12). Their association with negative symptoms across studies
supports the hypothesis that low-grade inflammatory processes
may contribute to the emergence or persistence of these
symptoms early in psychosis.

Regarding IL-6, previous work using structural equation
modelling reported significant positive associations between
circulating IL-6 levels and negative symptoms across early and
chronic stages of psychosis (29). Findings in FEP included in the
present systematic review were less consistent. This variability may
reflect both methodological differences and the complex biology of
IL-6. From a mechanistic perspective, IL-6 is a pleiotropic cytokine
that can exert pro-inflammatory effects via trans-signalling
pathways (involving soluble IL-6 receptor, IL-6R) or anti-
inflammatory and regenerative effects via classical signalling
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through the membrane-bound receptor (30). These findings suggest
that simply measuring total IL-6 concentrations may be insufficient
to capture its functional relevance. Future studies should therefore
consider assessing IL-6 pathway activity more comprehensively, for
example, by measuring soluble IL-6R and glycoprotein 130
alongside IL-6 itself, as has been done in depression research to
better index biologically active IL-6 signalling (30).

Beyond cytokines measured in plasma/serum, we extend the
previous literature and show evidence of associations between
negative symptoms and immune markers assessed from PBMC
supernatants. In particular, the study by Hughes et al. (2022)
reported associations between negative symptoms and IFN-y, IL-
4, IL-17, eotaxin, GM-CSF, and IL-12p40 (24). These immune
markers span multiple immune pathways, including CD4+ T cells
(e.g., Thl, Th2, Th17) and myeloid-related responses, suggesting
that immune dysregulation associated with negative symptoms may
not be restricted to a single inflammatory axis. Importantly, these
findings indicate that functional immune assays capturing cytokine
production capacity may reveal associations that are not detectable
when measuring circulating cytokine levels alone.

However, measuring total PBMC-derived cytokine output does
not provide information about the specific cellular sources driving
immune alterations. PBMCs comprise a heterogeneous mixture of
immune cell populations, including CD4" T helper cells (Th1, Th2,
Th17), regulatory T cells (Tregs), CD8" T cells, B cells, natural killer
cells, and monocytes. Dissecting immune dysregulation at the
cellular level may therefore be critical for advancing mechanistic
understanding. Emerging evidence suggests that a hypofunctional
state of Tregs — key modulators of immune homeostasis in the
periphery and in the brain - may contribute to the disinhibited,
low-grade inflammatory state observed in psychosis (31). Some
studies have further reported associations between reduced Treg
number or function and greater negative symptom severity (32).
Extending these findings to larger and well-characterised FEP
samples using deep immune phenotyping and functional assays
will be essential to clarify cellular mechanisms linking immune
dysfunction to negative symptoms.

A key limitation across the reviewed studies concerns how
negative symptoms were conceptualised and measured. Most
studies relied on total negative symptom scores, primarily derived
using the PANSS negative subscale or the SANS. Only the one study
applied a more sophisticated approach, using OPCRIT data
combined with item response modelling and factor analysis to
derive dimensional symptom constructs (28). Still, none of the
included studies formally examined negative symptoms
subdomains or individual symptom components. This is a critical
limitation, given accumulating evidence that negative symptoms are
not a unitary construct (33, 34).

Factor analytic work (33-36) consistently supports the existence
of two higher-order dimensions of negative symptoms, with further
differentiation into five lower-order domains, namely, diminished
emotional expression (including blunted affect and alogia) and
motivation-pleasure deficits (including anhedonia, avolition, and
asociality). From a biological perspective, this distinction is highly
relevant. Work by Goldsmith et al. (37-41) has emphasised that
motivational and reward-related negative symptoms, such as

Frontiers in Psychiatry

10.3389/fpsyt.2026.1782134

anhedonia, avolition, and asociality, may be particularly sensitive
to inflammatory processes, given their overlap with neural circuits
involved in effort-based decision-making and reward valuation. In
contrast, expressive deficits (e.g., blunted affect) may reflect more
trait-like or neurodevelopmental mechanisms. By collapsing these
domains into a single score, most studies in this review may have
obscured domain-specific immune associations, potentially
contributing to inconsistent findings.

Supporting the dimensional framework and its relation to
inflammation, a previous machine learning study of recent-onset
psychosis identified a subgroup characterized by prominent
anhedonia that showed significantly higher levels of IL-6, S100p,
and IL1RA, alongside lower IFN-vy levels (42). This highlights the
importance of examining specific negative symptom profiles rather
than relying solely on total scores. Notably, within the studies
included in this review, none formally separated the two high-
order negative symptom domains. The study by Binic et al. (2025)
explored item-level associations in addition to total negative
symptoms scores, although no significant associations were
observed, likely reflecting limited statistical power due to modest
sample size. Together, these findings underscore a critical gap in the
literature and point to the need for more granular symptom
phenotyping in future studies.

Our systematic review has limitations. One important
consideration is the clinical heterogeneity among FEP individuals.
The included studies comprised mixed populations of first-episode
schizophrenia, non-affective psychosis, and affective psychosis, with
variability in antipsychotic exposure (drug-naive versus minimally
treated). Only one study examined diagnostic subtype differences,
finding higher levels of TNF-ot and IL-1B (measured from PBMC
supernatants) in affective psychosis compared to non-affective
psychosis, with higher levels of these cytokines also associated
with greater negative symptom severity in the affective group
(24). These findings would align with evidence from chronic
psychosis samples, in which blood immune marker levels differed
between affective and non-affective diagnoses (43). Further
investigation is needed to better understand the role of diagnostic
subtype, illness stage, and treatment exposure on inflammatory
profiles and their associations with negative symptoms.

Another important consideration relates to the assessment of
negative symptoms and potential confounding factors. Negative
symptoms may be primary or secondary to other clinical features,
such as depressive symptoms, positive symptom severity, or
medication effects. Although the included studies focused on FEP
samples that were drug-naive or minimally treated, the potential
confounding influence of co-occurring symptom domains warrants
further investigation. For example, more severe cognitive and
positive symptoms have also been associated with elevated blood
levels of 1L-6, TNF-o., and IL-1B, with low to moderate effect sizes
(12, 22, 28, 44). In addition, sex differences represent a relevant but
underexplored factor. Previous studies have reported sex-related
differences in cytokine levels among antipsychotic-naive patients, as
well as distinct trajectories of cytokine variation following treatment
(45). Due to limited data, we were unable to examine sex-specific
effects in the present review, highlighting the need for future studies
to address sex-stratified analyses. Finally, methodological factors
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such as timing of blood sample collection, smoking status, age, body
mass index, inflammatory comorbidities, and acute stress exposure
may substantially influence peripheral immune marker levels and
should be more consistently reported and controlled for in
future research.

Several implications emerge from this systematic review. First,
future studies should move beyond total negative symptom scores
and explicitly examine symptom subdomains or dimensions, ideally
using second-generation negative symptom scales or dimensional
modelling approaches. Although this will require larger samples, it
is essential for achieving biological specificity. Second, stratifying
patients based on inflammatory profiles (e.g., low vs. high
inflammation) may increase the chances of detecting immune-
symptom associations and help identify clinically meaningful
subgroups. Third, integrating cellular immune measures, such as
immune cell phenotyping and functional assays, alongside cytokine
measurements, may provide a more comprehensive and
mechanistically informative understanding of immune

dysregulation in early psychosis.

5 Conclusion

In conclusion, this systematic review suggests that peripheral
blood immune dysregulation — most consistently involving IL-1f and
TNF-o. - may be associated with negative symptom severity in FEP
individuals. However, these associations are modest and highly
dependent on how both immune markers and negative symptoms
are measured. Negative symptoms are not a unitary construct, and
immune markers are not interchangeable indicators of inflammation.
Progress in this field will require more precise symptom phenotyping,
harmonised immune methodologies, and stratified analytic
approaches. By aligning biological measures with clinically
meaningful symptom dimensions, future research may clarify
which patients are most likely to experience inflammation-related
negative symptoms and inform targeted therapeutic strategies.
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