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Abstract

Emerging evidence highlights the role of chronic low-grade inflammation and dysregulated
cytokines in both obesity and schizophrenia, suggesting overlapping immune system
pathways that contribute to cognition and nervous system inflammation. Excess adipose
tissue functions as an active endocrine organ, releasing pro-inflammatory mediators that
may serve as potential biomarkers, while the use of antipsychotic agents in schizophrenia
further modifies cytokine profiles and immune responses. A key knowledge gap lies
in understanding how adipose-related inflammation modifies the severity of psychotic
symptoms, cognitive deficits, and the efficacy of antipsychotic medications. This review
aims to present excess adipose tissue as a potential contributor to the development of SCZ or
a modifier of treatment efficacy, emphasizing the role of immune imbalance, inflammatory
pathways, and metabolic dysfunction. By synthesizing current findings, we aim to present
obesity not only as a frequent comorbidity in schizophrenia but also as a potential driver of
neuroinflammation and disease progression. Here, we demonstrate that excess adiposity
may perpetuate a vicious cycle linking metabolic dysfunction, immune activation, and
psychiatric symptomatology. Situating these findings within a broader context, the review
underscores the clinical need for inflammation-informed, individualized management
strategies that integrate psychiatric care with metabolic monitoring. Ultimately, clarifying
the shared inflammatory pathways of obesity and schizophrenia may open new avenues
for biomarker development and targeted interventions.

Keywords: obesity; schizophrenia; schizophrenia; cytokines; inflammation; adipose tissue;
immune system phenomena; biomarkers; antipsychotic agents; metabolic disorders

1. Introduction
Schizophrenia (SCZ) is a complex neuropsychiatric disorder with multifactorial eti-

ology, affecting approximately 1% of the population worldwide [1]. Increasing evidence
highlights the role of immune dysregulation and chronic low-grade inflammation as central
processes shaping disease onset and course [2].

Within this broader framework, obesity emerges as a particularly important comorbid-
ity of SCZ—not only as a side effect of pharmacological treatment, but also as a potential
independent factor influencing the course of the disease [3]. Adipose tissue, especially

Biomedicines 2025, 13, 2308 https://doi.org/10.3390/biomedicines13092308

https://doi.org/10.3390/biomedicines13092308
https://doi.org/10.3390/biomedicines13092308
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0009-0006-3806-9849
https://orcid.org/0009-0001-2448-1190
https://orcid.org/0009-0006-6233-3945
https://orcid.org/0000-0002-7021-5133
https://doi.org/10.3390/biomedicines13092308
https://www.mdpi.com/article/10.3390/biomedicines13092308?type=check_update&version=2


Biomedicines 2025, 13, 2308 2 of 31

visceral fat, has endocrine functions and serves as a source of numerous inflammatory
mediators, its excess may intensify inflammatory processes already present in individuals
with SCZ [4]. Epidemiological data indicate that the risk of developing obesity is up to twice
as high in individuals diagnosed with SCZ (especially women) compared to the general
population [5]. The presence of obesity in SCZ has been linked to more severe symptoms,
greater cognitive deficits, and poorer treatment outcomes, although the mechanisms behind
this relationship are not yet fully understood [6].

Pharmacological treatment contributes substantially to this problem. Antipsychotic
medications, particularly second-generation antipsychotics (SGAs), are strongly associated
with weight gain and metabolic dysfunctions [4,5]. For example, among patients with a
first episode of schizophrenia (FES) previously untreated, 38.2% experienced ≥7% weight
gain after just 8 weeks of antipsychotic therapy. Interestingly, weight gain was positively
correlated with a decrease in Positive and Negative Syndrome Scale (PANSS) scores [7].
This finding is further supported by another study showing that initiation of treatment
with second-generation antipsychotics (SGAs) resulted in an average 3.3% increase in body
weight among patients with SCZ. Notably, nearly half of the participants were already
obese at baseline [8]. The degree of weight gain depends on the specific antipsychotic
used: although clozapine and olanzapine (both SGAs) are most frequently associated
with weight gain, this side effect can occur with nearly any antipsychotic, regardless of
generation, albeit to varying extents [9]. The lowest risk has been attributed to aripiprazole
and ziprasidone [10]. Interestingly, some first-generation antipsychotics, such as molindone
or pimozide, may even promote weight loss in the short term, although these findings
remain inconclusive [11].

Yet, weight gain is not solely medication-related: even drug-naïve patients with SCZ
may display higher visceral fat levels [12]. This suggests that poor hygiene and dietary
habits, insufficient treatment of comorbid conditions and genetic predispositions also
contribute [13]. Once again, this highlights SCZ as a complex disorder and a significant
therapeutic challenge.

Taken together, these findings underscore the dual challenge faced by patients and
clinicians: on one hand, effective pharmacological therapy is essential for symptom control;
on the other, obesity and its inflammatory sequelae may aggravate psychiatric and somatic
outcomes. Importantly, the interplay between SCZ, obesity, and inflammation has not been
sufficiently integrated into current models of disease pathophysiology. The knowledge gap
lies in understanding how adipose tissue-related inflammation modifies neuropsychiatric
symptoms, cognitive decline, and treatment responsiveness in SCZ.

The present review addresses this gap by synthesizing current evidence on the role
of obesity in shaping the immune-inflammatory background of SCZ. By framing obesity
not only as a frequent comorbidity but also as a potential disease modifier, this work
emphasizes the need for interdisciplinary approaches that integrate psychiatric care with
metabolic monitoring. Early prediction of SCZ risk or symptom severity in individuals
with excessive adipose tissue may allow for timely medical intervention and treatment,
potentially reducing the risk of harmful behaviors and improving therapeutic outcomes.

2. Materials and Methods
As this work is a narrative review, no strict inclusion criteria were applied. The

included studies were published between 2008 and 2025. Literature was searched via
PubMed, Web of Science, and Google Scholar between 2008 and 2025 using relevant
keywords such as: “obesity, schizophrenia, inflammatory theory of schizophrenia, Th1/Th2
imbalance, metabolic biomarkers of schizophrenia”. Both original research articles and
review papers were considered during initial selection. Zotero software (version 7.0.15,
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64-bit) was used to remove duplicates. Conference abstracts and non-English publications
were excluded based on title and abstract screening.

To provide a comprehensive overview of the inflammatory markers associated with
SCZ, we focused on studies reporting levels or roles of specific cytokines. The search was
conducted in PubMed using specific terms for each cytokine. The number of screened and
included original articles is summarized in Table 1.

Table 1. Cytokine-specific literature search results (PubMed).

Cytokine Search String Used Search Period Number of Results Original Studies Included

IL-6 “IL-6 schizophrenia” 2018–2025 440 35

TNF-α “TNF schizophrenia” 2023–2025 106 21

IL-1β “IL-1β schizophrenia” 2022–2025 127 15

IL-2 “IL-2 schizophrenia” 2018–2025 87 17

IFN-γ “IFN-γ schizophrenia” 2018–2025 98 19

IL-17 “IL-17 schizophrenia” 2018–2025 66 19

IL-4 “IL-4 schizophrenia” 2018–2025 98 23

IL-10 “IL-10 schizophrenia” 2018–2025 159 34

IL-13 “IL-13 schizophrenia” 2018–2025 18 6

TGF-β “TGF-β schizophrenia” 2018–2025 45 7

Abbreviations and symbols used in the table: Interleukin-6 (IL-6), Tumor Necrosis Factor-alpha (TNF-α),
Interleukin-1 beta (IL-1β), Interleukin-2 (IL-2), Interferon-gamma (IFN-γ), Interleukin-17 (IL-17), Interleukin-4
(IL-4), Interleukin-10 (IL-10), Interleukin-13 (IL-13), Transforming Growth Factor-beta (TGF-β).

In addition, for the section “Potential Cross-Talk Between Obesity-Related Inflamma-
tion and Schizophrenia”, a focused search was conducted using combinations of terms
such as “obesity schizophrenia inflammation”, “adipose tissue cytokines schizophrenia”,
and “metabolic inflammation schizophrenia”. Based on this search, 10 original articles
published between 2008 and 2025 were included.

While this review aims for a broad perspective, it is not systematic and has notable
limitations. Nonetheless, the selection process was structured to ensure a representative
synthesis of the current literature.

3. Obesity-Induced Inflammation and Schizophrenia Symptoms
Obesity is a well-documented condition associated with low-grade chronic inflam-

mation, which may be relevant in the context of mood disorders [14]. This association is
well known and thoroughly documented. Excessive adipose tissue functions as an active
endocrine organ that secretes pro-inflammatory cytokines and adipokines such as leptin.
With adipocyte hypertrophy and macrophage infiltration, leptin levels increase, promoting
a shift toward a pro-inflammatory Th1 profile and reducing Th2-related anti-inflammatory
activity [15]. This immune imbalance fosters a state of chronic low-grade inflammation that
may be a key mechanism linking obesity and mood disorders (Figure 1).

Consistent with this immunometabolic background, higher body mass index (BMI)
has been associated with reduced total gray matter and smaller volumes of the bilateral
orbitofrontal, prefrontal, and broader frontal cortices—changes that may be associated with
more severe residual symptoms in patients with SCZ [16]. It can be suggested that although
inflammation is not a predictor of suicide attempts in SCZ, it is associated with the degree
of suicide risk in this disorder [17].



Biomedicines 2025, 13, 2308 4 of 31

 

Figure 1. The figure shows differences in the composition of immune cells and pro- and anti-
inflammatory cytokine profiles in a person with normal body fat content and in an obese person.
Normal adipose tissue is characterized by an anti-inflammatory cytokine composition. Macrophages
produce interleukin-10 (IL-10) and eosinophils—interleukin-4 (IL-4) and interleukin-13 (IL-13). Type
2 T helper cells produce IL-4, interleukin-6 (IL-6), IL-10 and IL-13, while regulatory T cells (Treg)
secrete IL-10 and transforming growth factor beta (TGF-β). The adipose tissue of obese individuals
has a pro-inflammatory cytokine profile. Macrophages produce tumor necrosis factor α (TNF-α),
interleukin-1 β (IL-1β) and IL-6. Natural killer cells release interferon-γ (IFN-γ), while T cells produce
TNF-α, interleukin-2 (IL-2) and IFN-γ. Mast cells are a source of TNF-α, IL-6 and IFN-γ.

Inflammatory mediators such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-
α), and C-reactive protein (CRP) are thought to affect the nervous system through activation
of the kynurenine pathway, leading to a decrease in serotonin levels and an increase in
neurotoxic metabolites such as quinolinic acid—a known N-Methyl-D-Aspartate (NMDA)
receptor agonist. This, in turn, promotes excitotoxicity, intensifies neuroinflammation, and
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contributes to depressive symptoms, anhedonia, and impulsivity, which are frequently
observed in SCZ, particularly during its acute phases.

Moreover, these cytokines impair the functioning of the hypothalamic–pituitary–
adrenal (HPA) axis, increasing vulnerability to stress and mood disturbances. Therefore,
it has been hypothesized that anti-inflammatory interventions may potentially reduce
suicidal tendencies [18].

It is also suggested that disruptions in cytokines such as IL-6 and interleukin-10
(IL-10) may contribute to hippocampal volume reduction—a region crucial for cognitive
and emotional processing [19]. Animal studies have shown elevated IL-6 mRNA levels
in the hippocampus in induced models of SCZ [20], and in humans, a correlation was
observed between IL-6 promoter methylation in peripheral leukocytes and the integrity of
the corpus callosum, a structure responsible for interhemispheric coordination [21]. Taken
together, these findings suggest that obesity-related inflammation may contribute not
only to structural brain alterations but also to the variability in clinical symptom severity
observed in individuals with SCZ.

4. Imbalance of the Th1/Th2 Axis in Schizophrenia
Pro-inflammatory cytokines are key mediators of the immune response, playing a criti-

cal role in regulating inflammatory processes and modulating central nervous system (CNS)
function. In the context of SCZ, an increasing number of studies point to immune dysfunc-
tion characterized by an imbalance between pro- and anti-inflammatory cytokines [22–24].
Some studies indicate a dominance of T helper type 1 (Th1) responses [25], while other
findings suggest a predominance of T helper type 2 (Th2) cytokines, particularly in patients
experiencing a first episode of psychosis (FEP) [26]—especially those with concomitant
depressive symptoms [27]—or during acute relapses [26]. Of particular note are the find-
ings of Borovčanin et al., who reported a Th2 predominance in the combined cohort of
psychotic patients (FEP and relapse) as indicated by elevated IL-4 levels. However, after
separating the groups, this predominance was mainly evident in patients with SCZ in
relapse, compared to both FEP and healthy controls [26].

The inconsistency of the imbalance between pro- and anti-inflammatory cytokines
may reflect the dynamic nature of the Th1/Th2 axis, which is influenced by the stage
of illness, patients’ metabolic status (including obesity), pharmacological treatment, and
environmental factors. One hypothesis proposes that the immune imbalance in SCZ is
characterized by a primary reduction in Th1-associated cytokines, accompanied by a com-
pensatory increase in Th2 cytokines. This pattern suggests that Th1 suppression may be the
initiating event, while Th2 elevation constitutes an attempted, but ultimately maladaptive,
compensatory response. Instead of restoring immunological balance, this shift reflects
a pathological inflammatory process that plays a central role in the pathophysiology of
SCZ [28] (Figure 2). Notably, the Th1/Th2 imbalance described above appears to be specific
to SCZ. Although a disruption of Th1/Th2 balance is also observed in obesity, the underly-
ing mechanism differs. In obesity, inflammation is primarily mediated by innate immune
activation, metabolic stress, and dietary factors, such as antioxidant intake [29]. Therefore,
despite both conditions involving systemic inflammation, their immune mechanisms differ.
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Figure 2. The graphic illustrates chronic inflammation as a shared pathophysiological mechanism
linking obesity and schizophrenia (SCZ) through Th1/Th2 immune imbalance. In obesity, elevated
leptin levels (driven by increased adipose tissue mass) promote Th1 dominance and contribute to a
chronic pro-inflammatory state. In SCZ, two competing immunological hypotheses are proposed: the
first posits Th1 predominance, associated with negative symptoms and cognitive deficits; the second
suggests a primary reduction in Th1-related activity followed by a compensatory increase in Th2
responses, which may underlie the emergence of psychotic symptoms.

4.1. The Role of Pro-Inflammatory Interleukins in the Pathophysiology of Schizophrenia
4.1.1. IL-6

In the context of pro-inflammatory cytokines, researchers most frequently focus on
the role of IL-6, whose elevated levels have been associated with SCZ, FEP, and clinical
high-risk states for psychosis [30]. It has been suggested that IL-6 mRNA are elevated
in brain tissue of individuals with SCZ [31], while peripheral IL-6 levels are consistently
increased regardless of disease phase [32], potentially contributing to impaired corpus cal-
losum integrity [33] and disrupted neuroplasticity via reduced brain-derived neurotrophic
factor (BDNF) expression [34]. Moreover, the impact of IL-6 on neuronal plasticity and
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neurotransmission pathways has been suggested to underlie the development of psychotic
symptoms [23] and may also be linked to their exacerbation [35].

The previously mentioned observation on altered BDNF expression is particularly
salient in the context of the development of obesity as a complication of antipsychotic
treatment, as research has demonstrated a correlation between BMI increase and a gradual
decline in BDNF levels as obesity progresses. Elevated BDNF levels have been shown to
promote satiety, while BDNF deficiency has been associated with impaired satiety, a factor
that can contribute to the development of obesity. The effect is bidirectional: obesity has
been shown to reduce BDNF levels, and SCZ, by increasing IL-6 levels, also contributes to
its reduction. These alterations have been shown to exacerbate each other, thereby creating
a vicious cycle that leads to the exacerbation of both psychiatric and metabolic symptoms,
and consequently complicates patient treatment [36].

In SCZ patients, higher IL-6 levels have been associated with more severe de-
pressive symptoms [37], cognitive dysfunction [34], negative symptoms [37], and self-
deprecation [38]. Elevated IL-6 may also contribute to reduced affect and alogia (possibly
through modulation of TNF-α) [39], as well as NMDA receptor dysfunction, which can
exacerbate positive symptoms [40]. Glutamatergic neurotransmission and NMDA receptor-
associated neuroplasticity are essential for maintaining normal body weight. In obesity,
NMDA dysfunction impairs spatial learning and memory, highlighting its dual role in
both psychiatric symptoms and metabolic dysregulation [41]. Findings suggest that the
relationship between IL-6 and symptom severity may vary depending on the stage of the ill-
ness (e.g., in early-onset schizophrenia (EOS), IL-6 may be neurotoxic, while in adult-onset
schizophrenia (AOS), it may have a neuroprotective role), warranting cautious interpreta-
tion. Due to the immunomodulatory effects of antipsychotic medications on IL-6 levels [42],
including patients undergoing pharmacological treatment in studies, results in conflicting
findings regarding the aforementioned correlations [37,43–46]. However, it is crucial to
consider that chronically elevated IL-6 levels, common in both SCZ and obesity, may create
a vicious cycle, with each condition exacerbating the other.

Notably, SGAs such as risperidone, olanzapine, aripiprazole, and quetiapine have been
shown to reduce IL-6 levels, which have been correlated with improved cognitive functions
(e.g., working memory, verbal learning) [47], similar to findings with escitalopram, where
IL-6 reduction was associated with decreased severity of negative and cognitive symptoms
on the PANSS [48]. Conversely, Li et al. demonstrated that olanzapine significantly raises
IL-6 levels, which correlates with increased insulin resistance (IR) and promotes obesity
development through inflammatory mechanisms. The elevated IL-6 levels associated with
olanzapine use not only indicate neuroinflammation but also suggest an exacerbation of
inflammation in adipose tissue, which may promote fat accumulation. Similar observations
regarding olanzapine were reported by Calevro et al., whereas haloperidol did not induce
a significant increase in pro-inflammatory IL-6 production in adipose tissue [49,50].

4.1.2. TNF-α

Another pro-inflammatory cytokine with significant relevance to the pathophysiology
of SCZ is TNF-α, previously mentioned in this paper. While some studies have reported
elevated TNF-α levels in patients with SCZ [22,51,52], including those experiencing a first
episode [53,54], a growing body of evidence suggests that increased peripheral TNF-α may
also serve as a potential biomarker of remission, reflecting systemic immune modulation
associated with symptom stabilization [55–58]. The lack of statistically significant differ-
ences or reduced TNF-α levels observed in some studies [59–61] is often attributed to an
uneven sex distribution, given that TNF-α levels are generally lower in men [62]. This may
mean that the TNF-α-mediated inflammatory response may be stronger in women with
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SCZ and comorbid obesity, as women tend to have a higher percentage of body fat, further
exacerbating both metabolic and psychiatric symptoms.

Most studies involving patients with SCZ do not report significant correlations be-
tween TNF-α levels and cognitive performance [53,57], overall functioning, or positive
and negative PANSS scores [60,61]. However, some studies have suggested that elevated
TNF-α levels may contribute to deficits in working memory [63,64].

In patients treated with paliperidone (both alone and combined with sertraline) [65],
or with olanzapine over 6 weeks [60], TNF-α levels increased after treatment, higher levels
were negatively correlated with negative symptoms, general psychopathology, and total
PANSS scores [66], possibly reflecting an adaptive immune response modulated by long-
term antipsychotic treatment. In contrast, aripiprazole exerts an opposite effect—it lowers
TNF-α and leptin levels and positively influences body weight, BMI, and percent body fat
(BF%) [67].

4.1.3. CRP

Numerous studies have reported elevated levels of CRP across different phases of
SCZ, suggesting its potential as a useful biomarker for diagnosing and monitoring the
course of the disorder Moreover, serum CRP reflects systemic inflammation, making it
one of the most widely used markers of systemic inflammatory status [68]. It should be
noted that CRP may contribute to disruptions in the integrity of the blood–brain barrier,
increasing its permeability to inflammatory mediators and cytokines, thereby promoting
neuroinflammation [69]. Higher high-sensitivity C-reactive protein (hs-CRP) levels in the
SCZ group were associated with female gender, more severe negative symptoms, a greater
number of comorbidities, and worse metabolic risk factors, including BMI [70].

One study demonstrated that CRP levels significantly increase during acute psychotic
episodes and may decrease after resolution of the acute phase [71]. Another study reported
that patients with chronic SCZ exhibit elevated inflammatory status, whereas those with
recent-onset disease show lower levels [72].

In a study focused on the acute phase of SCZ, significantly elevated serum CRP
concentrations were observed. Importantly, CRP levels were positively correlated with the
severity of typical clinical symptoms, suggesting a potential link between inflammatory
activity and the intensity of psychopathological manifestations [73].

It has been documented that higher CRP levels in patients with SCZ are mainly asso-
ciated with more severe negative symptoms, increased aggression, and agitation [74–76].
Additionally, studies have shown that elevated CRP in SCZ is linked to impairments in
various cognitive functions, including working memory and learning ability [77]. Another
study found a significant association between elevated CRP levels and a history of suicide
attempts in individuals with SCZ. CRP levels at the 75th percentile were associated with a
2.6-fold increased risk of a suicide attempt, while levels at the 90th percentile corresponded
to a 3.3-fold increase [78].

Elevated CRP may also serve as a biomarker indicating a poorer clinical course of
schizophrenia during the first year after diagnosis [79], as well as an increased risk of
suicide [78]. Furthermore, longitudinal studies have shown a correlation between CRP
levels during adolescence and the later diagnosis of SCZ in adulthood [80].

CRP is a promising biomarker in psychiatry, also for practical reasons, as it is relatively
stable, easy to measure, and consistently assessed in most diagnostic laboratories.

4.1.4. IL-1β

In the context of inflammatory hypotheses in SCZ, particular attention has been paid
to abnormal microglial activation and dysregulated interleukin-1 beta (IL-1β) signaling.
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Multiple studies have reported elevated IL-1β mRNA expression in microglia from indi-
viduals with SCZ [81,82], particularly in its chronic form, relative to healthy controls [83].
The observed positive correlation between IL-1β levels and illness duration underscores
the specific involvement of this cytokine in the pathophysiology of chronic SCZ [84].

These observations have been consistently replicated in other studies, which also
report elevated plasma IL-1β levels in SCZ patients, including those experiencing a
FES [43,53], suggesting that IL-1β-mediated inflammatory processes are already active
at the early stage of psychosis [34,85]. In SCZ patients, IL-1β levels were associated with
increased severity of positive symptoms and overall psychopathology on the PANSS [85],
as well as with cognitive deficits (attention, working memory, sustained attention, and
social cognition [86]) and impaired executive functions, similarly to IL-6 [34].

These associations may be further exacerbated by comorbid metabolic dysfunction
(MD), which appears to interact with IL-1β signaling. In chronic SCZ patients, it was
observed that men with MD had higher IL-1β levels than men without MD, while no
significant association between MD and IL-1β levels was found in women. Furthermore,
the analysis showed that among SCZ patients with MD, men had higher scores on the
positive symptom scale and higher IL-1β levels than women with SCZ and MD, and then
men with SCZ but without MD [87].

Long-term studies did not observe significant changes in IL-1β levels after 12 months
of antipsychotic treatment (aripiprazole, olanzapine), regardless of sex. Similar results
were found for IFN-γ and IL-10 [88]. Other analyses showed that a four-week therapy with
atypical antipsychotics also did not normalize elevated levels of this cytokine, indicating
its relative resistance to short-term pharmacological intervention [53].

4.1.5. IL-2

Although available meta-analyses have found no evidence of differences in interleukin-
2 (IL-2) levels between FES patients, those with acute exacerbations, and healthy con-
trols [89,90], newer studies published after these analyses continue to show that IL-2 tends
to be elevated in patients with SCZ, particularly during the FEP [23,91–93], acute exacer-
bation [62], and in those with chronic forms of the disorder [94,95]. This may be partly
explained by IL-2 gene polymorphisms, such as the GG genotype, which could increase the
risk of developing SCZ [96]. Furthermore, no association has been found between illness
duration and IL-2 levels [97].

Nevertheless, some studies reported that higher IL-2 levels were associated with
greater severity of positive and negative symptoms, general psychopathology, and higher
total PANSS scores [60]. Similarly, in patients with treatment-resistant schizophrenia (TRS),
IL-2 levels positively correlated with total PANSS scores. Interestingly, these correlations
between pro-inflammatory cytokine levels and PANSS scores were not observed in TRS
patients with comorbid metabolic syndrome (MetS) [98]. Interestingly, in contrast to the IL-
1β findings, this unexpected result may suggest that metabolic dysfunction has an opposing
effect on IL-2, potentially contributing to a decrease in IL-2 levels. However, further detailed
studies are required to elucidate the mechanisms underlying this relationship. Recent
studies have indicated a correlation between elevated BMI and reduced IL-2 levels, as well
as attenuated negative symptoms and an unfavorable lipid profile in individuals diagnosed
with chronic SCZ [99]. IL-2 has been considered a potential biomarker of impaired real-
world functioning in SCZ. It has also been proposed as a biomarker of negative symptoms,
such as amotivation and anhedonia, in people with SCZ, unlike IL-1β, which appears to be
a marker of more general symptoms [100]. Notably, IL-2 levels did not significantly affect
psychomotor performance, indicating a more selective association with motivational rather
than motor domains of functioning [101].
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A longitudinal analysis found no statistically significant changes in IL-2 levels over
52 weeks of antipsychotic treatment (aripiprazole, olanzapine) in either male or female
patients with SCZ or SCZ spectrum disorders [88]. In contrast, another study showed that
short-term treatment reduced IL-2 levels, but after 5 years, levels increased again despite
symptom improvement—suggesting that the anti-inflammatory effects of antipsychotics
may be temporary, with possible secondary immune activation over time [92]. Similarly,
short-term treatment (4–10 weeks) with risperidone, olanzapine, or haloperidol lowered
IL-2 levels, whereas no such effect was observed following clozapine treatment over the
same period [90].

4.1.6. IFN-γ

Literature data suggest that interferon gamma (IFN-γ) may play a distinct role in
the pathophysiology of SCZ by linking peripheral immune activation with central gluta-
matergic [102] and dopaminergic dysfunction (via enhanced STAT1 signaling) [103]. This
assertion is particularly salient in the context of obesity, as both glutamatergic and dopamin-
ergic pathways, in conjunction with STAT1, play a pivotal role in the regulation of appetite
and food intake. Dysregulation of these pathways has been demonstrated to contribute to
the metabolic disturbances that are commonly observed in individuals with obesity.

Despite numerous studies, findings regarding serum IFN-γ levels in SCZ remain incon-
sistent – some reports indicate elevated levels [62,104] (FES and ultra-high risk (UHR) for
psychosis patients [105]), increased IFN-γ mRNA expression [106], and higher IFN-γ con-
centrations in cerebrospinal fluid (CSF) [107], while others suggest decreases [108–110], and
still others show no significant differences compared to controls [43,59,111–113], depending
on disease phase and methodological differences.

IFN-γ shows broad relevance to SCZ, being linked to both positive symptoms and
affective dimensions [114]. Notably, its link with psychomotor speed in SCZ patients
appears particularly strong compared to other symptom domains [101].

Logistic regression analysis aimed at predicting treatment response showed no sig-
nificant association between IFN-γ levels and antipsychotic response in patients with
stabilized psychotic disorders [115]. Several studies have indicated that several weeks of
treatment with SGAs—including risperidone, olanzapine, and aripiprazole—may reduce
IFN-γ levels in patients with SCZ, particularly during FES and acute exacerbations [97,116].
This decrease has been associated with improvements in negative symptoms and over-
all functioning [116], although these effects appear to be short-term and less consistent
with prolonged treatment [93]. In contrast, no changes in IFN-γ levels were observed
with long-term antipsychotic treatment (12 months) using amisulpride, aripiprazole, and
olanzapine [88].

4.1.7. IL-17

Numerous studies have shown that interleukin-17 (IL-17) levels are elevated in patients
with FES [117] and chronic SCZ [118], indicating that IL-17 plays a key role in the early
stages of SCZ development and sustains the activation of the inflammatory axis throughout
the disease [119]. However, its diagnostic and prognostic value has been questioned due to
conflicting results [120,121].

No correlation was found between IL-17 levels and negative symptoms (PANSS-
N) [122], and the positive correlation with positive symptoms and total PANSS scores
is a rare and less reliable finding [123]. A consistent observation, however, is the corre-
lation between IL-17 levels and cognitive symptoms (potentially due to its influence on
lipid metabolism disturbances) [124], particularly in visuospatial/executive and language
domains [125] (Table 2). Obesity, which frequently accompanies SCZ, predisposes to dys-
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lipidemia and elevated triglyceride levels [126]. Diets rich in triglycerides further aggravate
these disturbances, leading to stronger activation of inflammatory pathways, including
the IL-17 signaling cascade [124]. Since IL-17 has been linked to cognitive impairment,
this metabolic–inflammatory interaction may explain why patients with SCZ are particu-
larly vulnerable to triglyceride-induced cognitive decline. Experimental studies support
this by showing that high-triglyceride diets can exacerbate obesity-related cognitive im-
pairment, reduce BDNF levels, impair cellular proliferation, and promote hippocampal
apoptosis [127]. Thus, dietary and metabolic factors may synergize with IL-17–mediated
inflammation, amplifying cognitive dysfunction in SCZ.

Table 2. The table provides an overview of the associations between elevated concentrations of
specific pro- and anti-inflammatory cytokines and clinical domains such as positive symptoms,
negative symptoms, and cognitive performance in individuals diagnosed with schizophrenia (SCZ).

Cytokine Positive Symptoms Negative Symptoms Cognitive Abilities

Pr
o-

In
fla

m
m

at
or

y

IL-6 ↑ [128] ↑ (chronic SCZ) [37]
↓ (EOS) [129]

↓ [34,128,130]
0 [37]

TNF-α ↑ [54]
0 [60]

↓ [66]
0 [60]

contradictory results:
↑/0/↓ [57,61,63,64]

IL-1β ↑ [85]
0 [43] 0 [43] ↓ [86]

0 [43]

IL-2 ↑ [60,98] 0 [23] ↓ real-world
functioning [131]

IFN-γ ↓ [109]
0 [115]

↑ [108,116]
0 [115] ↑ [108,109]

IL-17 ↑ [123]
0 [132] 0 [122,132] ↑ [125]

A
nt

i-
In

fla
m

m
at

or
y IL-4 ↓ [133,134]

0 [60]
↑ [135]

0 [60,134] ↑ [133,136,137]

IL-10 ↑ [60]
0 [123,133,138]

contradictory results:
↑ [60,115,139,140]

0 [123,133,138]
↓ [141]

0 [133,138]

IL-13 0 [115] 0 [115] ↑ [133]

TGF-β ↑ [142] no studies available no studies available

Symbols used in the table: ↑ (greater symptom severity or better cognitive abilities), ↓ (less symptom severity
or poorer cognitive abilities), 0 (no correlation with symptom severity or cognitive abilities). Abbreviations
used in the table: IL-6 (Interleukin-6), TNF-α (Tumor Necrosis Factor alpha), IL-1β (Interleukin-1 beta), IL-2
(Interleukin-2), IFN-γ (Interferon gamma), IL-17 (Interleukin-17), IL-4 (Interleukin-4), IL-10 (Interleukin-10), IL-13
(Interleukin-13), TGF-β (Transforming Growth Factor Beta), EOS (Early-Onset Schizophrenia).

Similarly to earlier findings, differences are observed depending on the duration
of therapy. In the case of short-term treatment, such as a 10-week SGA monotherapy
(e.g., risperidone), although levels of IL-2, interleukin-4 (IL-4), IL-6, interleukin-8 (IL-8),
IL-17, TNF-α, and IFN-γ tended to decrease following SGA monotherapy, the reduction
in IL-17 was not statistically significant [97,118]. However, after 6 months of therapy, a
significant decrease in IL-17 was observed, suggesting that this cytokine might serve as a
biomarker of the acute SCZ phase, normalizing with long-term pharmacotherapy [116].

4.2. The Role of Anti-Inflammatory Interleukins in the Pathophysiology of Schizophrenia
4.2.1. IL-4

There are highly conflicting reports in the literature regarding the anti-inflammatory
role of IL-4 in SCZ, with some studies indicating a decrease in levels [143] while others
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reported no alteration (FES [34,60,105], stabilized SCZ [144], acute SCZ in CSF [112] and
plasma [59], exacerbation SCZ [145]) or an increase (FES [92,93,111]), which may seem
counterintuitive in the context of the dominant hypothesis assuming a pro-inflammatory
nature of the disorder [91].

Higher IL-4 levels in SCZ patients have been associated with a reduction in the severity
of symptoms such as psychosis, hostility, agitation, and mannerisms [133]. However, the
correlation with negative symptoms remains ambiguous [60,134,146]. Increased IL-4 levels
have been associated with enhanced language performance [133] and cognitive function
in patients with SCZ [136], with no observed association with psychomotor speed [101].
Elevated IL-4 levels may also exert a protective effect against the development of psychotic
symptoms and be associated with enhanced emotion recognition [137]. In early SCZ
patients, especially those with neurological symptoms, IL-4 distinguished them from
healthy controls, suggesting a link to neurodevelopmental mechanisms [147].

Both short-term (4-week) treatment [91] with risperidone and long-term (5-year) treat-
ment failed to reduce IL-4 levels [92]. Interestingly, a reduction in IL-4 was observed after
one year of treatment, and this alteration was specific to SCZ patients with predominantly
depressive symptoms [148]. In addition, when examining the effect of gender on IL-4
levels, we found that although women had lower IL-4 levels at the beginning of the study
compared to men, after 52 weeks of treatment, there was a noticeable increase in IL-4 levels
in women, while a contrary effect was noted in men [88]. This underscores the importance
of considering gender differences in future studies, as they may affect efficacy and immune
responses to antipsychotic treatment. This change may also be related to differences in fat
tissue proportions between genders. The reduction in IL-4 levels after treatment mirrors
the pattern seen in obesity, where individuals with obesity and IR exhibit significantly
lower IL-4 levels in both adipose tissue and plasma compared to lean individuals. IL-4
plays a crucial role in fat tissue metabolism and leptin secretion regulation, further linking
immune system dysregulation to metabolic disturbances in obesity [149].

4.2.2. IL-10

The literature on IL-10 in SCZ is highly inconsistent. While some studies report re-
duced IL-10 concentrations in SCZ [133], others indicate increased levels [38,49,54,119],
especially at early stages of the illness [147,150], or find no significant changes at
all [34,62,139,151–153]. Interestingly, a reduction in IL-10 was associated with a higher
risk of developing a chronic disease course [133]. Higher IL-10 levels were present in SCZ
patients with more severe depressive [152] and anxiety symptoms [154], and higher IL-10
levels were also associated with lower global functioning (GAF scale) [151], as well as
impaired (slower) performance on psychomotor tests [153].

The results regarding the correlation between IL-10 and PANSS subscales are incon-
sistent [60,115,123,133,139,140,146], likely due to a suggested nonlinear or threshold effect,
evident when PANSS scores exceed 85 [123]. Genetic variants have been demonstrated
to intensify symptoms of avolition, apathy [155], cognitive performance [156–158], and
dyskinesia [159]. Studies suggest that these cytokines which is produced by metabolically
active visceral adipose tissue can cross the blood–brain barrier, affect the brain’s immune
system and induce the expression of pro-inflammatory genes. Interestingly, increasing
BMI is associated with a significant decrease in IL-10 mRNA expression in the human
frontal cortex, which may affect cognitive function, brain adaptability and increase brain
sensitivity to noxious stimuli [160].
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Variability in IL-10 levels may be explained by antipsychotic pharmacotherapy. A
significant positive correlation has been found between antipsychotic dose (expressed as
chlorpromazine equivalent) and serum IL-10 concentration [138]. Similarly, SCZ patients
treated with olanzapine or clozapine also exhibited higher IL-10 levels, with further in-
creases observed after 6 weeks of olanzapine therapy [60,161]. These findings suggest that
IL-10 levels are influenced by the type and duration of antipsychotic treatment.

4.2.3. IL-13

Existing studies rarely include interleukin-13 (IL-13) in the context of SCZ, leaving
the role of this cytokine in the disease’s pathophysiology full of questions and requiring
further, more detailed analyses. No changes in IL-13 mRNA expression were observed
in the prefrontal cortex [162]; however, in patients with FES, peripheral IL-13 levels were
higher [163,164]. Despite this, no significant correlations were found between IL-13 levels
and the severity of SCZ symptoms assessed by the PANSS [115]. However, IL-13 levels
have been associated with cognitive domains, independently of the severity of classical
psychotic symptoms [133].

Although IL-13 is classified as an anti-inflammatory Th2 cytokine, authors have
noted that within the CNS, it may exert pro-inflammatory functions, enhancing the neu-
rotoxic effects of reactive oxygen species (ROS) [164]. Despite higher IL-13 levels in SCZ
patients [133], research findings did not fully confirm the theory of a shift toward Th2
lymphocytes in SCZ [121]. Nevertheless, IL-13 has been found to have high sensitivity
and moderate specificity in predicting SCZ progression [163]. Moreover, no statistically
significant association was observed with the response to antipsychotic treatment [115].

4.2.4. TGF-β

One of the key anti-inflammatory cytokines attracting increasing interest in the patho-
genesis of SCZ is TGF-β. Researchers have noted an increase in TGF-β1 gene expres-
sion [165] and protein levels in peripheral blood cells, particularly in FES patients [166].
These changes have been linked to structural brain abnormalities and cognitive deficits,
mainly in visual memory and learning [166], as well as with the severity of positive symp-
toms. In SCZ patients, a strong positive correlation was found between TGF-β levels
and the severity of affective symptoms, psychotic symptoms [142], and poorer overall
functioning (GAF) [116] (Figure 3).

It was demonstrated that exposure of cortical neurons to IL-6 resulted in decreased
expression of genes related to the TGF-β pathway [167]. Nevertheless, it is noteworthy that
lower TGF-β levels in later SCZ phases may relate to symptom stabilization, indicating a
dynamic role throughout the disease course [144].

Regarding the impact of pharmacotherapy on TGF-β levels, studies have shown
that 4–6 months of treatment with olanzapine and risperidone resulted in a decrease in
both TGF-β1 [116] and TGF-β2 levels [168]. Interestingly, however, 12 weeks of clozapine
treatment (commonly used in TRS) did not result in any significant changes in TGF-β
levels [168]. Sun et al. suggest that dysregulation or overactivation of the TGF-β pathway
in patients treated with SGAs may contribute to lipid and glucose metabolism disturbances,
excessive fat accumulation, and the development of obesity, which in turn plays a critical
role in the progression of MetS [169] (Table 3).
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Figure 3. The figure summarizes the most salient information regarding potential inflammatory
markers that are useful in the early diagnosis of schizophrenia, monitoring disease progression, and
predicting the severity of clinical symptoms. Abbreviations used in the figure: IL-6 (Interleukin-6),
TNF-α (Tumor Necrosis Factor alpha), IFN-γ (Interferon gamma), IL-1β (Interleukin-1 beta), IL-2
(Interleukin-2), IL-17 (Interleukin-17), IL-4 (Interleukin-4), IL-9 (Interleukin-9), IL-10 (Interleukin-10),
IL-13 (Interleukin-13), IGF-β (Insulin-like Growth Factor beta), SCZ (Schizophrenia), UHR (Ultra-
High Risk), SCD (Schizophrenia Clinical Diagnosis).
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Table 3. Effects Of Antipsychotic Pharmacotherapy On Cytokine Levels In Schizophrenia.

Group Cytokine Short-Term Treatment
(Up To 10 Weeks)

Medium- To Long-Term
Treatment (≥6 Months)

Exemplary Drugs And Clinical
Or Metabolic Notes

Pr
o-

In
fla

m
m

at
or

y

IL-6

Levels ↓ with escitalopram, associated
with improvement in negative and

cognitive PANSS symptoms [48].
Levels ↑ with olanzapine, correlated
with IR and adipose inflammation.

Haloperidol did not ↑ IL-6 in adipose
tissue [49].

Levels ↓ with risperidone,
olanzapine, aripiprazole, and
quetiapine, associated with

improved working memory and
verbal learning [47].

Short-term reduction may
support cognitive improvement,
whereas drug-specific increases
(e.g., olanzapine) are linked to

metabolic risk.

TNF-α

Levels ↑ after paliperidone (alone or
with sertraline) and after

olanzapine [60,65]. Aripiprazole
decreased TNF-α [67].

–
Aripiprazole also ↓ leptin and
improved body weight, BMI,

and body fat percentage.

IL-1β
Levels remained elevated after four

weeks of atypical antipsychotic
therapy [53].

Levels remained Ns after twelve
months of aripiprazole or
olanzapine, regardless of

sex [88].

IL-1β levels appear resistant to
both short- and long-term

pharmacological intervention.

IL-2
Levels ↓ with risperidone, olanzapine,
and haloperidol. Clozapine showed Ns

change [90].

Levels remained Ns after
fifty-two weeks of aripiprazole

or olanzapine [88]. Levels ↑ after
five years despite clinical

improvement [92].

Findings suggest a biphasic
effect: early ↓, medium-term

stabilization, and
long-term rebound.

IFN-γ

Levels ↓ after treatment with
risperidone, olanzapine, or

aripiprazole [97], associated with
improvement of negative symptoms

and functioning [116].

Levels remained Ns after twelve
months of amisulpride,

aripiprazole, or olanzapine [88].

Short-term ↓ may reflect
acute-phase response, whereas

long-term findings are
inconsistent.

IL-17
Levels showed a trend toward ↓ after

ten weeks of risperidone monotherapy,
but changes were Ns [97,118].

Levels ↓ after six months of
therapy [116].

IL-17 may serve as a marker of
the acute phase, normalizing

with longer pharmacotherapy.
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IL-4 Levels remained Ns after four weeks of
risperidone treatment [92].

Levels ↓ after one year in
patients with predominant
depressive symptoms [148].

Sex-dependent differences were
observed after fifty-two weeks

(increase in women, decrease in
men) [88]. Levels remained Ns
after five years of risperidone

treatment [92].

Findings highlight the
importance of considering sex

differences and depressive
symptom profile in interpreting

IL-4 responses.

IL-10

Levels ↑ with olanzapine and
clozapine. Levels further increased

after six weeks of
olanzapine [60,138,161].

–

Antipsychotic therapy, especially
olanzapine and clozapine, is

associated with up-regulation of
IL-10.

IL-13 – – No significant association with
treatment response [115].

TGF-β Levels remained Ns after twelve weeks
of clozapine [168].

Levels ↓ after four to six months
of olanzapine and

risperidone [116,168].

Dysregulation of the TGF-β
pathway under SGAs may

contribute to obesity and MetS.

Abbreviations used in the table: IL-6 (Interleukin-6), TNF-α (Tumor Necrosis Factor alpha), IL-1β (Interleukin-1
beta), IL-2 (Interleukin-2), IFN-γ (Interferon gamma), IL-17 (Interleukin-17), IL-4 (Interleukin-4), IL-10 (Interleukin-
10), IL-13 (Interleukin-13), TGF-β (Transforming Growth Factor beta), PANSS (Positive and Negative Syndrome
Scale), BMI (Body Mass Index), SGAs (Second-Generation Antipsychotics), IR (insulin resistance), MetS (metabolic
syndrome); Arrows indicate the direction of change in cytokine levels after treatment compared to baseline: ↓
decrease, ↑ increase; Ns not significant; “–” = not reported in the reviewed studies.

5. Potential Cross-Talk Between Obesity-Related Inflammation
and Schizophrenia

There is growing evidence that obesity and SCZ share a common immunological and
inflammatory basis. This may explain their frequent co-occurrence and mutual reinforce-
ment. In conditions of excessive adipose tissue accumulation, there is increased production
of IFN-γ, suppression of the Th2 response, and a shift toward a pro-inflammatory Th1 pro-
file [170]. A key mechanism responsible for this shift is elevated leptin levels—a hormone
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secreted by adipocytes. As adipocyte volume increases, leptin synthesis and secretion also
rise. Leptin has immunomodulatory properties: it promotes Th1 responses and inhibits
Th2 lymphocyte activity (Figure 2) [15]. Consequently, this leads to increased production of
Th1-related pro-inflammatory cytokines such as IFN-γ, IL-2, and TNF-α. At the same time,
reduced Th2 activity results in decreased secretion of anti-inflammatory cytokines, includ-
ing IL-4, interleukin-5 (IL-5), IL-13, and IL-10, fostering a sustained inflammatory state [171].
In the context of obesity and its complications, this immune shift contributes to chronic
low-grade inflammation, exacerbation of IR, and lipid metabolism disturbances [172].

Available literature evidence suggests the existence of a so-called vicious cycle be-
tween obesity, low-grade inflammation, and SCZ. Importantly, adipose-derived cytokines
can influence central immune mechanisms and exacerbate neuroinflammatory processes
involved in the pathophysiology of SCZ and potentially contribute to disease severity
and progression. Conversely, SCZ treatment (especially long-term antipsychotic pharma-
cotherapy) is often linked to negative metabolic effects, such as weight gain, dyslipidemia,
and IR, thereby exacerbating inflammation [173]. It is increasingly emphasized that the
neuroinflammatory background of SCZ and pharmacologically induced metabolic changes
may create a vicious cycle mechanism, in which treatment contributes to the worsening of
inflammatory and metabolic parameters, which in turn may exacerbate disease symptoms
and impair therapeutic response.

Additionally, unhealthy eating habits and gut dysbiosis, frequently observed in pa-
tients with SCZ, affect neuroinflammatory pathways and disrupt communication along
the gut–brain axis [174]. Emerging evidence further indicates that gut mycobiota alter-
ations, particularly in elderly patients, are linked to systemic immune dysfunction and
inflammatory signaling, which may aggravate neuroinflammation and worsen cognitive
and psychiatric symptoms. Age-related factors, including immune function, gut motility,
and dietary habits, may further increase susceptibility to these microbial disturbances [175].
Although this review does not focus on gut microbiota, the gut–brain axis represents a
relevant pathway in the cross-talk between obesity, immune imbalance, and schizophrenia,
and warrants further investigation as a potential therapeutic target.

This suggests that each component (obesity, inflammation, SCZ, unhealthy diet, medi-
cation) may negatively influence the others, worsening overall health and the course of SCZ.
This interplay underscores the necessity of personalized treatment strategies that address
psychiatric symptoms and metabolic disturbances. Tailoring antipsychotic therapy to a
patient’s inflammatory and metabolic profile may improve clinical outcomes and reduce
the risk of comorbidities, providing a more targeted approach to managing SCZ.

The number of studies simultaneously evaluating inflammatory cytokine profiles in
patients with SCZ and coexisting obesity remains very limited. Most available publications
focus mainly on selected mediators such as IL-6 and TNF-α, leaving other immune compo-
nents poorly documented. According to van Nimwegen et al., elevated levels of TNF-α and
IL-6 in patients with SCZ or schizoaffective disorder who were not taking antipsychotic
medication may inactivate phosphatidylinositol-3-kinase—a key enzyme in the insulin
receptor pathway—resulting in reduced glucose transport to target tissues via decreased
GLUT-4 expression and development of insulin resistance [176]. Other researchers noted
that patients with newly diagnosed SCZ, previously untreated with antipsychotics, more
frequently exhibited features of MetS and higher IL-6 concentrations [177]. Furthermore, a
cross-sectional study by Yuan et al. showed that IL-6 may be used as an effective marker
for screening MetS in patients with chronic SCZ [119]. In a study by Chase et al., elevated
mRNA levels of pro-inflammatory cytokines IL-6 and TNF-α were observed in patients
with SCZ. Importantly, both SCZ diagnosis and BMI ≥ 25 were significant predictors of
increased IL-6 and TNF-α mRNA levels [178]. In this context, excess adipose tissue present
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in some patients constitutes a potential source of IL-6, which may contribute to the chronic
inflammatory state observed in SCZ. This study has some limitations due to a significant
predominance of men in the SCZ patient group, which may have important implications
regarding differences in fat tissue distribution. Interestingly, Soldevila-Matías et al. demon-
strated that the combination of baseline IL-6 levels with markers of cardiometabolic activity
such as low-density lipoprotein (LDL), systolic blood pressure (SBP), and insulin signif-
icantly predicted changes in global cognitive score (GCS) over time in the entire study
group, which also included individuals with SCZ and coexisting obesity [179].

Importantly, He et al. showed that elevated IL-6 levels in patients with TRS compared
to partially responsive schizophrenia (PRS) patients may be indirectly related to the pres-
ence of comorbid obesity, and the inflammatory changes observed in schizophrenic patients
may originate from excess adipose tissue, particularly in the male TRS subgroup where a
positive correlation between IL-6 levels and BMI was found [180]. In contrast, the study
by Mednova et al. found no significant differences in serum levels of pro-inflammatory
cytokines TNF-α and IL-6 between SCZ patients with MetS and those without MetS. This
indicates that MetS presence was not associated with higher or lower overall levels of these
pro-inflammatory cytokines in this particular SCZ patient group [181]. It thus appears
that having SCZ itself might affect TNF-α and IL-6 levels, potentially masking additional
changes that could result from the presence of MetS. Interesting data comes from Arabska
et al., who found no significant differences in IL-6 and TNF-α concentrations between
SCZ patients and a healthy control group with comparable metabolic parameters—the
average BMI in the SCZ group was 29.0 ± 5.8 kg/m2; in the healthy control group, it
was 29.5 ± 7.7 kg/m2. However, correlation analysis showed that TNF-α was more sen-
sitive to metabolic changes compared to IL-6, and individuals with a higher fat mass
index had significantly higher TNF-α levels both in the control group and the entire study
sample [182].

It should be emphasized that the number of studies analyzing the mutual relation-
ships between inflammation induced by excess adipose tissue, changes in pro- and anti-
inflammatory cytokine levels, and clinical symptoms of SCZ remains limited. This research
gap indicates a need for detailed studies considering these variables, which could contribute
to identifying common pathophysiological mechanisms and potential therapeutic targets,
enabling a more individualized approach to treating obese patients with SCZ and MD.

Another aspect related to obesity in patients with SCZ is their use of antipsychotic
medications. It is suspected that weight gain may be caused by drug-induced mecha-
nisms such as 5-hydroxytryptamine 2C (5-HT2C) receptor antagonism; disturbances in
the dopaminergic, adrenergic, and histaminergic pathways—particularly involving the
H1 receptor; blockade of muscarinic receptors; disruption of the endocannabinoid system,
especially the cannabinoid type 1 (CB1) receptors; and altered secretion of insulin and
leptin [13].

A conducted meta-analysis showed that nearly all antipsychotic drugs are associated
with weight gain, with the exception of amisulpride, aripiprazole, asenapine, sertindole,
and ziprasidone. Although direct comparisons between antipsychotics were not tested
in this study, the raw data suggest that clozapine and olanzapine are associated with the
greatest weight gain after the baseline period. First-generation antipsychotics, such as
haloperidol, are also linked to significant weight gain [183].

Another study demonstrated that olanzapine caused the most significant weight gain,
followed by asenapine, risperidone, aripiprazole, quetiapine XR, brexpiprazole, cariprazine,
and lurasidone. This indicates that even relatively new medications like cariprazine and
brexpiprazole resulted in significantly greater weight gain compared to placebo. Only
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aripiprazole, lurasidone, and quetiapine XR did not lead to clinically significant weight
gain (≥7%) [184].

Initially, it was debated whether drug-related weight gain stemmed from increased
energy intake or rather reduced energy expenditure. This issue is relevant from both
a neurobiological and clinical perspective, as tonic dopamine levels play a key role in
initiating motor activity. However, findings from human studies have been inconclusive.
For example, it has been shown that olanzapine drives early weight gain through increased
food intake, with no evidence of reduced energy expenditure, activity levels, or short-term
insulin sensitivity disturbances [185]. In contrast, patients taking clozapine were found to
have reduced energy expenditure [186].

It should be emphasized, however, that obesity frequently co-occurs in patients with
SCZ, even among those not receiving antipsychotic treatment. A study found that, re-
gardless of medication effects, the longer the duration of SCZ, the higher the BMI and the
greater the prevalence of obesity [187].

There is a hypothesis that a specific mechanism in SCZ—namely altered reward
anticipation in the striatum related to phasic dopamine responses—may mediate weight
gain [188]. Nevertheless, research findings in this area remain inconclusive.

Metformin remains the only drug for which there is some evidence suggesting it may
be a well-tolerated and effective agent in preventing weight gain when initiated alongside
antipsychotic treatment [189]. However, the most crucial element appears to be a conscious
approach to the metabolic risks posed by a given antipsychotic—namely patient education
and regular monitoring of body weight and metabolic parameters.

6. Anti-Inflammatory Therapies in Schizophrenia
Preclinical studies suggest that anti-inflammatory drugs may potentially not only

alleviate psychotic symptoms but also protect against neuronal changes associated with
the pathogenesis of SCZ [190]. We have decided to discuss some of these agents.

6.1. Aspirin

Aspirin (acetylsalicylic acid) irreversibly inhibits cyclooxygenase-1 (COX-1) activity
and modulates cyclooxygenase-2 (COX-2) function, leading to reduced prostaglandin
synthesis and, consequently, a decrease in inflammatory responses. It has also been shown
that aspirin uncouples oxidative phosphorylation in mitochondria and affects NF-κB
signaling pathways—mechanisms that may be relevant to the pathophysiology of SCZ [191].
In two randomized controlled trials (RCTs) using aspirin as an adjunctive therapy in
patients with SCZ, improvements were observed in overall outcomes and positive PANSS
scores [192,193], although a meta-analysis published in 2019 indicated that the available
evidence is limited and inconclusive [194]. Results from another meta-analysis based on
two RCTs showed a small, statistically nonsignificant effect of aspirin on total PANSS scores;
additionally, the effect was not dependent on CRP levels in patients [195].

6.2. N-Acetylcysteine

N-acetylcysteine (NAC) has anti-inflammatory properties associated with the reduc-
tion in pro-inflammatory cytokines. Other pathways in which NAC may help alleviate SCZ
symptoms include regulation of dysregulated neurotransmission (glutamatergic, dopamin-
ergic, gamma-aminobutyric acid (GABA)ergic, serotonergic, cholinergic, and adrenergic
pathways) through modulation of synaptic transmission, receptor activity, and transporter
function [196]. NAC is also a direct precursor of glutathione, which protects cells from
reactive oxygen species [197].
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A meta-analysis indicated that NAC improves PANSS scores after 24 weeks of
treatment, showing a substantial effect on both negative symptoms and overall PANSS
scores [198]. Another study reported that NAC as adjunctive therapy in patients with
chronic SCZ significantly improved negative and general symptoms as well as overall
clinical improvement (assessed by the CGI scale), with no significant effect on positive
symptoms [199]. Additionally, in a 52-week double-blind, placebo-controlled study in
early-phase SCZ spectrum patients, NAC significantly improved total PANSS scores, the
negative subscale, and thought disorder-related symptoms, but had no effect on the posi-
tive PANSS subscale or cognitive performance assessed by BACS. Preliminary analyses
suggested that baseline cortical thickness was associated with PANSS improvement in the
NAC group, although NAC itself did not induce significant morphological brain changes
during the study [200].

6.3. Celecoxib

Celecoxib, a widely used selective COX-2 inhibitor, has also been suggested as a poten-
tial antipsychotic agent, but the results of existing studies are inconclusive. Several clinical
trials have assessed its efficacy as adjunctive therapy. Akhondzadeh et al. reported that in
patients with chronic SCZ, an 8-week treatment combining celecoxib (400 mg/day) and
risperidone (6 mg/day) was more effective than risperidone alone in improving positive
PANSS scores and total PANSS scores [201]. Müller et al. used celecoxib as adjunctive
therapy in patients receiving amisulpride and observed significantly better outcomes in
both positive and negative symptoms compared to the placebo group, demonstrating for
the first time a clear beneficial effect of celecoxib on negative symptoms [202]. However,
two other studies did not show a significant therapeutic effect [203].

6.4. Minocycline

Minocycline belongs to the tetracycline antibiotic class. In SCZ, its effects are related
to anti-inflammatory, neuroprotective properties and inhibition of cytochrome P450 en-
zymes involved in the metabolism of antipsychotics, including clozapine [204]. Although
the mechanisms of minocycline in SCZ are not fully understood, the available literature
indicates anti-inflammatory effects and neurotransmitter modulation through the NMDA–
NO–cGMP pathway [205]. In participants receiving minocycline as adjunctive therapy,
reductions in total, negative, and general symptoms were observed, without significant
improvement in positive symptoms or cognitive function [206]. One study suggested that
minocycline’s effects may be associated with reduced pro-inflammatory cytokine levels
(IL-1β, IL-6, TNF-α) [207]. Liu et al. [208] did not observe changes in IL-1β or TNF-α levels
after 16 weeks of treatment but reported interesting correlations between nitric oxide (NO)
levels and improvement in negative symptoms (SANS), with lower NO levels correlating
with more severe symptoms.

6.5. Tocilizumab

Tocilizumab, an anti–IL-6 receptor antibody, is being considered as a potential anti-
inflammatory therapy for SCZ, particularly for treatment-resistant symptoms. Clinical
studies aim to assess whether modulation of the IL-6 axis can impact positive and negative
symptoms as well as cognitive deficits in patients with SCZ, supporting the concept of
immunomodulatory strategies in the treatment of this disorder [209].

A small study reported that tocilizumab infusions were well tolerated, with no serious
adverse events, and were associated with modest improvements in selected cognitive
functions (verbal fluency, digit-symbol coding, composite score) in patients with chronic
SCZ. However, no significant therapeutic effects were observed for positive or negative
symptoms, nor were changes seen in inflammatory markers (hsCRP, cytokines). These
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results suggest that tocilizumab’s efficacy may be limited when baseline IL-6 levels are
undetectable [210].

A meta-analysis including 70 randomized controlled trials with 4104 participants
showed that adjunctive anti-inflammatory therapy outperformed placebo [211]. How-
ever, results for anti-inflammatory drugs potentially suitable for broad clinical use were
heterogeneous [212]. Differences may be due to patient selection, concomitant antipsy-
chotic treatments, and study duration. Further studies, potentially based on individual
metabolic or inflammatory phenotypes, are needed to better tailor treatment for patients
with persistent SCZ symptoms.

7. Limitations
There are important limitations that should be considered when interpreting the

present findings. First and foremost, due to the review-based nature of this article, no
systematic inclusion or exclusion criteria were applied, nor was a critical assessment
of methodological quality conducted. The included studies varied in sample size and
methodological rigor, which impacts the consistency of conclusions.

Discrepancies in the reported results may arise from differences in the sensitivity
and specificity of analytical methods, clinical heterogeneity of patients (e.g., disease stage,
deficit subtype, first hospitalization), the immunomodulatory effects of antipsychotic
medications (e.g., olanzapine and risperidone may reduce IL-6 levels), metabolic factors
(obesity, metabolic syndrome), lifestyle variables (smoking, diet, physical activity), and
insufficient control of confounding factors such as age, sex, or duration of illness.

Despite these limitations, many studies indicate a relationship between the severity
of inflammation and both the intensity of clinical symptoms and treatment effectiveness
in patients with SCZ. Further research employing standardized measurement methods,
well-characterized study populations, and long-term follow-up is required.

8. Summary
Excess body weight and the associated chronic inflammation are playing an increas-

ingly important role in the pathophysiology of SCZ. Adipose tissue, functioning as an
endocrine organ, influences the immune system by amplifying inflammatory responses,
which may contribute to the neuroimmunological disturbances observed in individuals
with SCZ. Cytokine profiling, encompassing both pro-inflammatory markers (e.g., IL-6,
TNF-α, CRP) and anti-inflammatory markers, may allow for the identification of specific
immunological patterns that differentiate disease course, severity of psychotic symptoms,
cognitive deficits, and structural brain alterations.

Assessing the balance between Th1 and Th2 immune responses in patients with
excessive adipose tissue may provide new insights into neuro-inflammatory mechanisms
and their relevance to SCZ. Importantly, measuring inflammatory markers (e.g., in blood
serum) and evaluating fat mass (via bioelectrical impedance analysis or dual-energy X-ray
absorptiometry) are relatively simple, minimally invasive methods readily available in
routine clinical practice. This enables early identification of high-risk patients and the
personalization of treatment based on metabolic and immunological profiles, potentially
improving prognosis and reducing the risk of relapse and hospitalization.

It is also worth emphasizing that weight gain and its metabolic consequences are
often insufficiently monitored during antipsychotic therapy, despite their significant impact
on patients’ somatic and mental health. Incorporating the assessment of adipose tissue-
related inflammation into standard diagnostics and care for patients with SCZ could be an
important step toward a more individualized and interdisciplinary therapeutic approach.
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