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Metabolic syndrome (MetS) and diabetes mellitus (DM) are frequent in schizophrenia (SCZ) and have been linked to cognitive
impairment and low-grade inflammation. In this cross-sectional study of adults with DSM-5 SCZ (N = 218; SCZ = 103, SCZ+MetS =
62, SCZ + DM = 53), we quantified interleukine-6 (IL-6) and C-Reactive Protein (CRP) and evaluated their associations with
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) cognitive domains and routine metabolic measures
using multivariable models. Results revealed that SCZ + DM showed lower attention and delayed memory scores than SCZ and SCZ
+MetS. No between-group differences were observed for immediate memory, visuospatial function, or language. IL-6 was highest
in SCZ + DM, intermediate in SCZ + MetS, and lowest in SCZ. CRP did not differ significantly between groups. Across the cohort,
higher IL-6 and fasting glucose were associated with lower attention and delayed memory. We conclude that DM status and higher
IL-6 were most consistently associated with poorer attention and delayed memory in SCZ. Given the cross-sectional design, these
findings reflect associations and may be influenced by treatment and residual confounding. Longitudinal studies with broader

cytokine panels are warranted.

Schizophrenia (2025)11:148; https://doi.org/10.1038/s41537-025-00694-y

INTRODUCTION

Schizophrenia (SCZ) is a lifelong, heterogeneous mental disorder
characterized by a diverse constellation of positive, negative, and
cognitive symptoms'. Recent research has established that
cognitive dysfunctions are a core feature of the disease,
significantly impeding daily functioning and deteriorating quality
of life and prognosis for patients'=>.

More than one-third of individuals with SCZ suffer from
comorbid metabolic syndrome (MetS), which represents a
significant risk factor for the development of various cardiovas-
cular and cerebrovascular diseases, consequently leading to an
increased mortality rate®. Additionally, MetS is associated with
cognitive impairment in both the general population and
individuals with SCZ>*,

The investigation of the relationship between MetS and SCZ has
gained significant attention in recent years. Multiple genetic
studies have investigated the potential link between the two
diseases; however, they have yielded contradictory results”=°.

Contradictory genetic studies raise the possibility that various
environmental factors may play a role in the higher prevalence of
MetS among individuals with SCZ’. Additionally, SCZ patients are
often characterized by a sedentary lifestyle, poor nutrition, and
substance use, which further increase the risk of developing
metabolic disorders'®.

The involvement of inflammation and immune dysregulation in
the pathogenesis of SCZ has been extensively studied for several
decades. Neurodevelopmental and inflammatory hypotheses

emphasize the role of immune system-related elements, such as
microglia, major histocompatibility complex (MHC), and comple-
ment component 4 (C4) in the context of dysfunctional synaptic
pruning''. Moreover, elevated levels of proinflammatory cytokines
have been detected in SCZ, both in plasma and cerebrospinal fluid
(CSF), suggesting their potential role in its pathophysiology'*'3.
Pathological peripheral inflammatory processes may potentially
induce neuroinflammation, leading to structural changes in the
brain and thus contributing to cognitive dysfunction. As
inflammatory processes also contribute to the pathogenesis of
MetS, and the relationship between inflammation and MetS is
bidirectional, the investigation of these factors is of great
importance'.

Notably, recent studies on the gut-brain axis also highlight the
potential role of immune dysregulation mechanisms, disturbances
in metabolism, and the neuroendocrine system in the pathome-
chanism of cognitive impairments observed in SCZ'>.

Furthermore, a challenge in the treatment of SCZ is that the
most commonly used medications, second-generation or atypical
antipsychotics, have minimal effects on cognitive dysfunctions.
Yet, they often cause metabolic side effects, leading to the
development of MetS'®'”. However, it should be noted that a
meta-analysis has confirmed that metabolic dysregulations are
more prevalent among drug-naive, first-episode psychotic
patients who have not yet received antipsychotic treatment
compared to the general population'®,
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Antipsychotic type olanzapine (n = 35)
clozapine (n=11)
aripiprazole (n=9)
quetiapine (n = 8)
haloperidol (n=1)

Table 1. Demographic and clinical characteristics.

SCZ (n=103) SCZ+MetS (n=62) SCZ + DM (n=53)
Age (years) 433+11.3 434+115 44.0+10.0
Sex (male/female) 69/34 41/21 37/16
Education (years) 11.7+£3.2 11.0+2.8 12.2+33
lliness duration (years) 148 +4.7 154+5.2 16.1 +4.1
BMI 23.7+32 33.8+4.2? 345+45?2
Waist-to-hip ratio 0.7+0.1 1.0£0.072 1.0+0.08%
PANSS-P 21572 21.9+9.0 22.1+£8.0
PANSS-N 243+69 248 +8.7 257+7.2
PANSS-G 49.5+10.3 494+113 50.5£10.6
PSP 50.8+8.6 532+74 51.2+89
Antipsychotic dose (CPZ-equivalent, mg/day) 409.7 +160.3 401.1+159.3 4439+ 187.7

risperidone/paliperidone (n = 39)

olanzapine (n = 20)
risperidone (n = 14)
quetiapine (n=10)
aripiprazole (n=11)
flupentixol (n =5)
clozapine (n=2)

olanzapine (n=12)
risperidone/paliperidone (n = 23)
quetiapine (n=10)

aripiprazole (n=7)
zuclopenthixol (n=1)

Data are mean (* standard deviation) except sex and antipsychotic type.

SCZ schizophrenia, MetS metabolic syndrome, DM diabetes mellitus, BMI body mass index, PANSS Positive and Negative Syndrome Scale, P positive symptoms,
N negative symptoms, G general symptoms, PSP Personal and Social Performance scale, CPZ chlorpromazine.
3SCZ < SCZ+MetS = SCZ + DM, p < 0.01, one-way ANOVA followed by Holm-corrected t-tests.

Although inflammation and metabolic dysregulation have both
been implicated in schizophrenia, it remains unclear how
circulating IL-6 and CRP track cognitive performance across
clinically relevant comorbidity strata. We therefore examined the
association between IL-6/CRP, metabolic indices, and RBANS
domains in three groups (SCZ, SCZ+MetS, and SCZ + DM).

We formulated the following hypotheses: First, patients with
DM would exhibit the worst cognitive dysfunctions among the
three groups. Second, fasting blood glucose levels would
negatively correlate with cognitive functions. Third, SCZ+ DM
and SCZ+MetS groups would exhibit the highest levels of
inflammatory markers. Fourth, elevated inflammatory markers
would correlate with cognitive dysfunctions.

METHODS
Participants and psychiatric assessment

Patients with SCZ (N = 218) were recruited from three psychiatric
centers in Hungary (National Institute of Psychiatry, Budapest;
University of Szeged, Szeged; Bacs-Kiskun County Hospital,
Kecskemét; recruitment period: 2012-2023). Inclusion criteria were
as follows: fulfilling the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5), criteria for SCZ'%; age between 18 and 65 years;
clinical state stabilized with antipsychotic medications; no history
of neurological disorders or head injury; and no substance misuse
within the past six months. The clinical documentation and
complete medical history were available for all patients.

Patients with SCZ received the Structured Clinical Interview for
DSM-5%°, administered by trained clinical psychologists or
psychiatrists. We used the Positive and Negative Syndrome Scale
(PANSS), which is a widely used instrument administered by
clinicians?'. It comprises 30 items rated on a 7-point Likert scale,
which are grouped into three subscales: positive symptoms (7
items, e.g. delusions, hallucinatory behavior, and conceptual
disorganization), negative symptoms (7 items, e.g., blunted affect,
emotional withdrawal, and passive/apathetic social withdrawal),
and general psychopathology (16 items; e.g., anxiety, tension,
hostility, and depression). Scores are derived from structured
clinical interviews and direct observations, with higher scores
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indicating greater symptom severity. The clinical and demo-
graphic parameters are summarized in Table 1.

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the National Medical Research
Council (ETT-TUKEB 18814, Budapest, Hungary). Written informed
consent was obtained from all subjects.

Metabolic status and laboratory measures

We assessed the metabolic status of the participants. Sixty-two
patients were diagnosed with MetS based on the criteria of the
National Cholesterol Education Program Adult Treatment Panel
Il (NCEP ATP Ill), requiring at least three out of five components:
“(1) abdominal obesity: waist circumference greater than 102 cm
in men or 88cm in women; (2) elevated triglyceride levels:
1.7 mmol/L or higher; (3) reduced HDL cholesterol levels: less
than 1.03 mmol/L in men and less than 1.29 mmol/L in women;
(4) elevated blood pressure: systolic blood pressure of 130 mm
Hg or higher, diastolic blood pressure of 85 mm Hg or higher; (5)
elevated fasting glucose: fasting plasma glucose levels of
5.6 mmol/L) or higher.”??

Another group of 53 patients received a diagnosis of diabetes
mellitus (DM) in addition to metabolic syndrome (MetS) without
DM. The three groups (SCZ patients without MetS or DM, SCZ
+MetS, and SCZ + DM) were characterized separately by labora-
tory measures of lipid homeostasis (triglycerides [TG], high-density
lipoprotein [HDL], low-density lipoprotein [LDL]) and glucose
homeostasis (fasting blood glucose [FBG], hemoglobin Alc
[HbA1c]). Additionally, we measured levels of C-reactive protein
(CRP) and interleukin-6 (IL-6) as previously described. The
diagnosis of MetS and DM was made immediately before testing.
Therefore, the patients did not receive medications for MetS and
DM.

Cognitive assessment

The Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) was administered to evaluate cognitive function.
The RBANS is a comprehensive neuropsychological test battery
designed to assess multiple domains of cognition within
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~20-30 min of test administration. It consists of 12 subtests,
organized into five primary index scores?>,

1. Attention: Measured with the digit span and coding
subtests, this index captures aspects of sustained attention,
processing speed, and working memory.

2. Immediate Memory: This index measures the ability to
encode and recall information immediately after it is
presented. It is assessed via the list learning and story
memory subtests.

3. Delayed Memory: This index assesses the retention and
retrieval of information after a delay based on the list recall,
list recognition, story recall, and figure recall subtests.

4. Visuospatial/Constructional functions: This index measures
visual perception and constructional praxis. It is evaluated
using the figure copy and line orientation subtests.

5. Language: This index, derived from the picture naming and
semantic fluency subtests, reflects language production and
semantic access.

All subtests were administered according to the standard
protocol by trained examiners. Raw scores were obtained and
converted into age-adjusted scaled scores using published
normative data. Subsequently, these scaled scores were used to
calculate the five index scores (normative mean: 100, SD = 15).
The RBANS was extensively validated and demonstrated high
reliability and sensitivity in detecting cognitive impairments?3,

Data analysis

We used Spotfire Data Science Workbench 14.2.0 (Tibco), JASP
0.19.1, and the R-package for statistical analysis.

After checking the normality of data distribution (Shapiro-Wilk
test) of all variables on a group basis, we conducted multivariate
analyses of variance (MANOVA) with the group as between-
subjects factors (SCZ, SCZ+MetS, and SCZ + DM) and the RBANS
domains as within-subjects factors (attention, immediate memory,
delayed memory, visuospatial function, and language). The
dependent measure was the RBANS scores for each domain. We
determined the effect size (n?). For the Bayesian interpretation of
the p-value, we calculated the Vovk-Selke p-ratios (VSR) (VSR> 1:
evidence against the null hypothesis; VS-ratio > 10: the evidence
in favor of the alternative hypothesis is strong; VS-ratio < 1: the
null hypothesis is more supported). If the sphericity or homo-
geneity of variance was violated, Huynh-Feldt or Welch correc-
tions were applied, respectively. For post-hoc comparisons, Holm-
corrected t-tests were calculated. Demographics, clinical scales,
and laboratory parameters were entered into one-way ANOVA,
followed by post-hoc tests. Where appropriate, Cohen'’s effect size
values were also calculated.

To determine the relationship between cognitive deficits
(RBANS scores) and laboratory parameters (IL-6, FBG, HbA1c, TG,
HDL, and LDL), we used multiple regression analysis, adjusted for
age, sex, education, clinical symptoms, social functioning,
chlorpromazine-equivalent dose of antipsychotics, and duration
of illness. We also calculated the strength and direction of the
relationship between cognitive scores and laboratory measures
using Pearson’s product-moment coefficients with VSR for
Bayesian statistics. To contextualize subgroup precision, we report
minimum detectable within-group correlations (two-sided
a=0.05, 80% power): r=0.38 (SCZ+DM, n=53), r=0.35 (5CZ
+MetS, n=62), r=0.27 (SCZ, n =103).

RESULTS

Demographics, clinical characteristics, and laboratory
measures

Table 1 summarizes demographic and clinical characteristics of
the three SCZ groups (SCZ, SCZ+MetS, and SCZ + DM). We found
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no significant differences in age, education, sex, PANSS, illness
duration, or general functioning. Patients with SCZ+MetS and
SCZ + DM exhibited higher BMls and WHRs than those with SCZ,
but there was no significant difference between SCZ+MetS and
SCZ + DM (Table 1).

Table 2 shows the laboratory measures. Patients with SCZ+MetS
and SCZ+DM displayed higher TG, LDL, and lower HDL than
patients with SCZ, but there was no significant difference between
SCZ+MetS and SCZ + DM. In terms of FBG, the highest level was
measured in SCZ + DM, followed by SCZ+MetS and SCZ. HbA1c
was significantly increased in SCZ + DM relative to SCZ+MetS and
SCZ. IL-6 was significantly increased in SCZ + DM relative to SCZ
and SCZ+MetS, with no significant difference between SCZ and
SCZ+MetS. Finally, there were no significant between-group
differences in CRP (Table 2).

Cognitive performance

The RBANS results are shown in Table 3. The MANOVA performed
on the RBANS domain scores revealed a significant main effect of
group (F(2,115) = 18.0, p < 0.001, n? = 0.03, VSR = 372010.54) and
RBANS domain scores (F(3.9, 838.3)=3.47, p<0.05, n?=0.01,
VSR =8.97). The two-way interaction between the group and
RBANS domain scores was also significant (F(7.8, 838.3) =5.80,
p <0.001, n? = 0.04, VSR = 58250.54). Post-hoc tests indicated that
patients with SCZ+ DM scored lower on the attention domain
than those with SCZ (t = 6.0, SE = 2.25, phoim < 0.001, d = 1.0) and
SCZ+MetS (t =4.78, SE=2.49, PHoim < 0.001, d =0.98). However,
there was no difference between SCZ and SCZ+MetS (prom =1,
d=0.11). Similar results were obtained for delayed memory
(SCZ+DM < SCZ, t =5.39, SE = 2.50, prom < 0.001; d =0.97; SCZ +
DM < SCZ + MetS, t = 3.72, SE = 2.49, pom < 0.05, d = 0.70; SCZ =
SCZ+MetS, proim = 1, d = 0.2). There were no significant between-
group differences for immediate memory, visuospatial functions,
and language (pSyom > 0.05) (Table 3).

Laboratory measures and cognitive performance

Multiple regression analyses revealed that IL-6 was the sole
significant predictor of the RBANS attention score in the entire
sample (8= —0.37, t = —5.34, p < 0.001, R = 0.19, VSR = 94017.2).
For the RBANS delayed memory score, there were two predictors:
IL-6 (8= —0.16, t=—2.11, p < 0.05, R2=0.08, VSR =3.1) and FBG
(B=—-022, t=-258, p<0.05 R2=008, VSR=76). For the
remaining RBANS domain scores (immediate memory, language,
and visuospatial functions), we found no significant predictors
from the laboratory measures (ps > 0.2).

In the whole sample, there were several significant correlations
between RBANS attention scores and laboratory measures: IL-6
(r=-0.42, p<0.001, VSR=1.1x108), FBG (r=-0.27, p<0.001,
VSR=5208), TG (r=-0.19, p<0.05, VSR=13.5), and HDL
(r=0.20, p<0.05, VSR=17.7). However, in SCZ+MetS, the sole
significant correlation was found between RBANS attention scores
and IL-6 (r=-0.45, p<0.001, VSR=207.5). This correlation was
consistently significant in SCZ+DM (r=—-0.42, p<0.01, VSR=
31.8), but not in SCZ (r=—0.14, p=0.15, VSR = 1.3).

For RBANS delayed memory, we also found several significant
correlations in the whole sample, including IL-6 (r=—0.28,
p <0.001, VSR =985.8) and FBG (r = —0.28, p < 0.001, VSR = 897.1).
Significant correlation between RBANS delayed memory and IL-6
was also observed in SCZ+DM (r=—0.40, p <0.01, VSR =20.2),
but not in SCZ+MetS and SCZ (ps > 0.1; for detailed correlation
analyses, see the Supplementary Material).

DISCUSSION

In the largest single-cohort analysis to concurrently stratify
schizophrenia by metabolic comorbidity (SCZ, SCZ+MetS, SCZ +
DM), we showed that IL-6 and fasting glucose, but not CRP, map
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Table 2. Laboratory measures.
SCZ (n=103) SCZ+MetS (n=62) SCZ + DM (n=53) Group comparisons

IL-6 (pg/mL) 83%37 9.7+45 13.8+4.6 *SCZ < MetS, p=0.03, d=0.35
*SCZ<DM, p<0.001, d=1.4
*DM > MetS, p =0.001, d =0.9

CRP (mg/mL) 1.8£1.0 1.8+09 20+£1.2 *SCZ = MetS, p=1,d=0
*SCZ=DM, p=0.3,d=0.19
DM = MetS, p=0.3, d=0.19

TG (mmol/L) 1.0+04 2.1+09 24+1.0 *SCZ < MetS, p<0.001, d=1.7
*SCZ < DM, p<0.001, d=2.1
‘DM = MetS, p=0.1, d=0.32

HDL (mmol/L) 1.8+05 1.2+04 1.2+05 *SCZ > MetS, p<0.001, d=1.3
*SCZ>DM, p<0.001, d=1.2
‘DM = MetS, p=1,d=0

LDL (mmol/L) 24+0.7 28+0.8 27+08 *SCZ < MetS, p < 0.001, d=0.54
*SCZ < DM, p=0.02, d =041
‘DM = MetS, p=0.5, d=0.13

FBG (mmol/L) 40+038 56+1.2 76+1.7 *SCZ < MetS, p<0.001, d=1.7
*SCZ < DM, p<0.001, d=3.0
*DM > MetS, p <0.001, d =1.4

HbA1c (%) 4.9 +1.3 54+1.5 71+£16 *SCZ < MetS, p=0.03, d=0.36
*SCZ<DM, p<0.001,d=1.6
DM > MetS, p <0.001, d=1.1

Data are mean (+ standard deviation) except sex and antipsychotic type.

Group comparisons: one-way ANOVA followed by Holm-corrected t-tests, p < 0.05; The “<” and “>" signs denote significant differences between the groups,

whereas the “=" sign indicates no significant between-group difference.

SCZ schizophrenia, MetS metabolic syndrome, DM diabetes mellitus, IL-6 interleukin 6, CRP C-reactive protein, TG triglyceride, HDL High Density Lipoprotein, LDL

Low Density Lipoprotein, FBG fasting blood glucose, HbATc Hemoglobin Alc.

Table 3. Cognitive performance.

RBANS SCZ (n=103) SCZ+MetS SCZ + DM
(n=62) (n=>53)

Attention 80.6+14.5 79.0+13.0 67.2+10.8°

Immediate 748+11.7 762+11.6 744 +10.6

memory

Delayed memory 77.5+13.3 74.7+153 65.4+10.5°

Visuospatial 75.0+£12.0 75.1+£10.9 71.2+£11.3

Language 754+11.4 76.8+12.0 774+124

Data are mean (+ standard deviation).

SCZ schizophrenia, MetS metabolic syndrome, DM diabetes mellitus, RBANS

Repeatable Battery for the Assessment of Neuropsychological Status.

2SCZ = SCZ+MetS > SCZ + DM, p<0.01, one-way ANOVA followed by

Holm-corrected t-tests.

selectively to attention and delayed memory, refining prior global
findings and quantifying precision using frequentist and Bayesian
metrics. Two previous meta-analyses found that metabolic
disorders contribute to the exacerbation of cognitive dysfunction
in SCZ>?* but it has not been proven that this association is
confined to specific cognitive domains and is related to particular
markers of low-grade peripheral inflammation.

Several factors and pathophysiological mechanisms may under-
lie our findings. First, severe insulin resistance (IR) is a central
feature of the pathophysiology of type 2 DM?°. A hallmark of DM
and IR is impaired insulin signaling, which can lead to pathological
alterations in key processes within the central nervous system
(CNS)?®. These processes play a profound role in synaptic
transmission, neuronal survival, the elimination of reactive oxygen
species (ROS), mitochondrial function, energy metabolism, and the
regulation of neural plasticity?’~2°. For instance, studies on rodents
suggest that insulin may influence mesolimbic dopamine turnover
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and is involved in the regulation of long-term depression (LTD)
and long-term potentiation (LTP), N-methyl-D-aspartate (NMDA)
receptor activity. Insulin is also believed to promote the
membrane recruitment of NMDA receptors into excitatory
synapses, thereby contributing to synaptic plasticity?’3%31, A
comprehensive meta-analysis demonstrated that insulin plays a
role in the regulation of multiple neurotransmitter pathways,
including those of glutamate, GABA, serotonin, and dopamine32.
This is especially relevant in cortical networks, thereby influencing
the processes underlying cognitive functions>.

In our study, fasting blood glucose levels exhibited a negative
correlation with attention and delayed memory domains. These
findings potentially suggest that IR may affect the prefrontal
cortex, fronto-parietal regions, and neural circuits related to
attentional functions (e.g., alertness, inhibitory control, sustained
attention, selection). In support of this, neuroimaging studies have
confirmed that insulin resistance can negatively impact the
physiological structure of various brain regions and networks>*=7,
However, we must emphasize that, in terms of energy metabo-
lism, neurons are capable of insulin-independent glucose
uptake3®, One possible explanation for the deterioration of
delayed memory functions is hippocampal impairment, as well
as alterations in the networks connecting the hippocampus with
various cortical regions. This could be supported by previous
research, which found a negative correlation between IR and the
volume of the hippocampal tail in patients with first-episode
psychosis®®. Furthermore, it is a well-documented phenomenon
that DM can contribute to impaired hippocampal neurogenesis,
increased apoptosis, and, consequently, hippocampal atrophy*%41,
Intriguingly, the hippocampus may also play a role in the
regulation of peripheral glucose metabolism. Electrophysiological
studies conducted on rodent brains have demonstrated that
oscillatory patterns of the hippocampus can be used to predict a
decrease in blood glucose levels*?.

To provide further insight, several neuroimaging studies have
highlighted the crucial role of glucose metabolism dysregulation
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in the central nervous system of patients with SCZ. For example, a
2022 meta-analysis by Townsend et al. of 18F-fluorodeoxyglucose
("|F-FDG) positron emission tomography (PET) studies revealed
reduced glucose metabolism in the frontal cortex of individuals
with chronic SCZ, which may serve as a potential explanation for
the cognitive dysfunctions observed in the disease*>. Furthermore,
studies utilizing *'P magnetic resonance spectroscopy (MRS) have
shown that cognitive dysfunctions in affective and non-affective
psychosis are associated with decreased NAD + /NADH ratios and
reduced creatine kinase (CK) activity in the brain, suggesting
dysregulation of cellular-level metabolism**.

Additionally, hyperglycemia observed in DM can contribute to
the damage of the blood-brain barrier, as well as endothelial
dysfunction, vascular remodeling, and associated cerebrovascular
complications*®. Grey matter reduction and white matter abnorm-
alities, which impact functional connectivity, have also been
observed in DM*¢47,

Other components of MetS, such as hypertension, obesity, and
dyslipidemia, can also lead to structural changes in the brain and
alterations in physiological cytoarchitecture, thereby potentially
facilitating further deterioration of cognitive functions*®,

We also have to point out that MetS and DM exhibit a
bidirectional relationship with chronic low-grade inflamma-
tion'*49, For example, several studies have confirmed the role of
obesity in facilitating systemic inflammatory processes, this effect
is primarily driven by adipokines (e.g., leptin) secreted by
adipocytes and pro-inflammatory cytokines (e.g. IL-1$, IL-6, TNF)
produced by adipose tissue macrophages'. It is also important to
emphasize, further highlighting the complexity of metabolic
dysregulations, that IR itself can induce systemic inflammation°.

These multifaceted interactions have also been observed in the
CNS. For example, a post-mortem study on the brains of patients
with Alzheimer's disease found elevated IL-6 and suppressor of
cytokine signaling 3 (SOCS-3) levels, which is particularly interest-
ing given that SOCS-3 may play a role in impairing insulin
signaling, potentially contributing to the development of brain
IR>™-53, In addition to its complexity, chronic hyperglycemia and
progressive glucose load exhibit neurotoxic effects, leading to the
buildup of advanced glycation end products (AGEs). Through
diverse cascade mechanisms, these contribute to pathological
microglial activity patterns and the polarization of microglia
towards the M1 phenotype, further exacerbating inflammation,
neuronal and synaptic damage’”. Interestingly, studies on human
astrocyte cell cultures have demonstrated that under high glucose
conditions, astrocytes respond to inflammatory stimuli by
increasing the secretion of IL-6 and IL-8, which may further
amplify neuroinflammation and its associated detrimental
effects®.

In our study, we found that the highest IL-6 levels were
measured in patients with both MetS and DM, followed by the
group with MetS without DM, while the lowest values were
measured in those without MetS. Surprisingly, regarding CRP
levels, we found no significant differences between the three
groups. IL-6 levels showed a significant negative correlation with
attention and delayed memory domains. These results are
consistent with data reported in a recent meta-analysis showing
that IL-6 levels negatively correlate with these cognitive
functions®,

Several factors may contribute to these findings. Evidence
suggests that both abnormal innate and adaptive immune
regulatory processes may be involved in the exacerbation of
cognitive impairment®’. For instance, in drug-naive first-episode
SCZ patients, elevated expression of Toll-like receptor 4 (TLR4) and
an increased ratio of TLR4+ monocytes have been shown to
correlate with cognitive dysfunctions®®. Furthermore, in chronic
low-grade inflammation, proinflammatory cytokines can cross the
blood-brain barrier, potentially leading to pathological activation
of microglia and astrocytes, which contributes to the development
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of neuroinflammation. In addition, neuroinflammation is asso-
ciated with mechanisms such as glutamatergic excitotoxicity,
oxidative stress, decreased neurotransmission, and neurodegen-
eration, leading to gray matter atrophy, cortical thinning, and
ultimately a decrease in total brain volume®°-6',

Based on the findings and explanations discussed in the
previous paragraphs, a highly complex association emerges
between metabolic dysregulations, inflammation, and cognitive
dysfunctions. This relationship is further nuanced by the fact that
antipsychotic medications used in the treatment of SCZ can
induce metabolic side effects through various mechanisms, such
as alterations in the gut microbiome, impaired central glucose
sensing in the hypothalamus, weight gain, and dysregulation of
peripheral glucose and lipid metabolism'%27%*, Paradoxically,
both inflammation and metabolic dysregulations, such as IR, may
play a significant role in therapeutic response and the develop-
ment of treatment resistance®>~%7,

Although we suggested a pathway from metabolic deteriora-
tion to peripheral inflammation and cognitive dysfunction, the
reverse direction is also biologically plausible. Central cholinergic
circuits regulate both cognition and systemic cytokine responses
via the cholinergic anti-inflammatory pathway, through which
central acetylcholine signaling can dampen peripheral macro-
phage cytokine production. Muscarinic-targeted therapy for
schizophrenia, such as xanomeline-trospium, may have a specific
impact on inflammation and cognition. This invites prospective
studies to explore whether cholinergic augmentation reduces
peripheral IL-6 and improves attention and delayed memory,
which are the cognitive domains most strongly associated with IL-
6 and fasting glucose in our cohort®8%°,

Implications for practice

The timely translation of scientific results into clinical practice is
explicitly prioritized by the Academia Europaea’®’'. Our results
support incorporating routinely obtainable inflammatory markers
alongside metabolic indices when profiling cardiometabolic and
cognitive risk in SCZ. In practice, this favors integrated care models
in which psychiatry and primary care jointly monitor glucose,
lipids, weight, and inflammation, and consider antipsychotics with
lower metabolic liability when appropriate. Adjunctive interven-
tions that target glucose homeostasis and inflammation merit
prospective evaluation for cognitive outcomes. The impact of
various metabolic therapies, such as the ketogenic diet, on
cognitive functions could represent a potential research direction,
as preliminary findings among individuals with severe mental
disorders are promising’?. Furthermore, enhancing physical
activity of patients and incorporating regular exercise into their
lives is of paramount importance, as this may potentially improve
inflammation, metabolic disturbances, and the associated struc-
tural brain abnormalities”3,

Strengths and limitations

To our knowledge, this is the most extensive study to date to
investigate the relationship between MetS, DM, inflammatory
markers, and cognition in patients with SCZ. The SCZ patients with
newly diagnosed MetS and DM did not receive specific medica-
tions for MetS and DM, which excludes the potential confounding
effects of these drugs on inflammatory markers and cognition.
The cross-sectional design precludes causal inference. The
observed associations may reflect bidirectional relationships and
residual confounding, including exposure to different kinds of
antipsychotics. The inflammatory milieu was investigated only by
measuring IL-6 and CRP, markers of low-grade systemic inflam-
mation that do not capture pathway-specific cytokines (e.g., TNF-
q, IL-1B) or anti-inflammatory mediators (e.g., IL-10). Broader
panels may refine mechanistic interpretation. Finally, precision for
some subgroup analyses is limited. For example, with n=53 in
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SCZ + DM, the minimum detectable within-group correlation at
80% power is 0.38. The issue of a more comprehensive
inflammatory panel, the confounding effect of different types of
antipsychotic multiple medications, and the likelihood of type Il
errors can be addressed by recruiting larger samples. In the
present study, we use Bayesian statistics, which is well-suited for
small sample sizes because it does not rely on the asymptotic
assumptions of large samples, providing more power and
precision in these situations.
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