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Abstract

Patients with treatment-resistant schizophrenia (TRS), particularly those resistant to clozapine (CTRS), pose a clinical chal-
lenge due to limited response to standard antipsychotic treatments. Inflammatory factors like tumor necrosis factor-alpha
(TNF-a), interleukin 2 (IL-2), and interleukin 6 (IL-6) are implicated in schizophrenia’s pathophysiology. Our study examines
cognitive function, psychopathological symptoms and inflammatory factors in TRS patients, focusing on differences between
CTRS and non-CTRS individuals, as well as healthy controls. A cohort of 115 TRS patients and 84 healthy controls were
recruited, assessing IL-2, IL-6 and TNF-a. The Positive and Negative Syndrome Scale (PANSS) was applied to assess psy-
chopathological symptoms, while the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) was
applied to assess cognitive functioning. CTRS patients showed lower visuospatial constructional score (p =0.015), higher
PANSS scores, higher levels of IL-2 and reduced TNF-a than non-CTRS patients (p < 0.05). Notably, IL-2 was independently
associated with psychopathology symptoms in CTRS patients (Beta=0.268, t=2.075, p=0.042), while IL-6 was associ-
ated with psychopathology symptoms in non-CTRS patients (Beta = —0.327, t = —2.109, p=0.042). Sex-specific analysis
in CTRS patients revealed IL-2 associations with PANSS total and positive symptoms in females, and TNF-a associations
with PANSS positive symptoms in males. Furthermore, IL-2, IL-6, and TNF-a displayed potential diagnostic value in TRS
patients and CTRS patients (p < 0.05). Clozapine-resistant symptoms represent an independent endophenotype in schizo-
phrenia with distinctive immunoinflammatory characteristics, potentially influenced by sex.
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Introduction

Schizophrenia, a chronic and debilitating disorder, affects
approximately 0.75% of the Chinese population, posing
significant burdens on patients and their families [19].
Among patients with schizophrenia, a considerable (about
1/5 to 1/3) are classified as having “treatment-resistant
schizophrenia (TRS)” or “refractory schizophrenia” when
they failed to respond to two or more antipsychotic medi-
cations [33, 39]. Despite significant advancements in
schizophrenia treatment, TRS remains a challenging prob-
lem due to its higher clinical severity, safety concerns with
available treatments, increased health care costs [21]. TRS
patients experience an earlier onset of symptoms, have a
poorer prognosis, require frequent hospitalizations, and
exhibit diminished real-life functioning. [6]. Treatment-
resistant disease might be a distinct subtype of schizophre-
nia and not merely a more severe form [49]. However, the
underlying neurological and pathophysiological mecha-
nisms contributing to TRS remain largely unknown.

Clozapine (CLZ), an atypical antipsychotic, serves
as the gold standard and the only evidence-based effec-
tive treatment for TRS [32, 38]. Nevertheless, even with
adequate blood levels of clozapine, a substantial portion
(approximately 40—70%) of TRS patients remain resistant
to its effects [5, 41]. Consequently, TRS patients who do
not respond well to clozapine monotherapy are identified
as having clozapine-resistant treatment-refractory schizo-
phrenia (CTRS) [17, 20]. The varying responsiveness to
antipsychotic drugs suggests that TRS represents a distinct
biological subtype with a pathophysiology distinct from
treatment-responsive schizophrenia [9, 33]. Thus, there is
a critical need for further investigations to elucidate the
characteristics of patients with TRS and CTRS.

The immune system and inflammation have been impli-
cated in the pathophysiology of schizophrenia [22, 29].
Abnormalities in proinflammatory markers, such as tumor
necrosis factor-o (TNF-a), interleukin 2 (IL-2), and inter-
leukin 6 (IL-6), along with a chronic low-grade inflamma-
tory state, have been associated with psychopathological
symptoms and cognitive deficits in schizophrenia [15, 30,
36]. The effects of antipsychotic drugs on inflammatory
factors have shown considerable heterogeneity. Studies
have revealed that antipsychotic drugs may inhibit micro-
glia activation, a source of pro-inflammatory markers like
nitric oxide and TNF [1]. Nonetheless, existing evidence
remains inconclusive on whether antipsychotic drugs
impact serum inflammatory factors levels [8]. Further-
more, limited research has investigated alterations in blood
levels of inflammatory factors in TRS or CTRS patients.

Emerging evidence supports the significant role of
sex in explaining heterogeneity in clinical presentation,

@ Springer

disease course, treatment response, and tolerance in
schizophrenia [44, 46]. However, investigations into sex-
related differences in the prevalence and clinical correlates
of inflammatory factors among TRS patients treated with
CLZ remain scarce. Existing literature on sex-related dif-
ferences in CLZ tolerance primarily focuses on metabolic
disturbances [24]. Women tend to exhibit higher long-term
BMI and elevated blood glucose, possibly due to higher
CLZ plasma concentrations [3]. Conversely, men taking
olanzapine are at increased risk for other metabolic abnor-
malities, such as elevated triglycerides and lower HDL
cholesterol levels [2]. Therefore, further studies are needed
to explore the sex-related differences in the prevalence and
clinical correlates of inflammatory factors in TRS patients.

Taken together, in order to determine if CTRS patients
exhibit more abnormalities in proinflammatory markers and
poorer cognitive performance than those without clozap-
ine-resistant symptoms, the current study was conducted to
investigate the differences among CTRS, TRS patients, and
healthy controls, focusing on the analysis of clinical, psy-
chopathological and inflammatory markers. The aims of our
study were: (1) to compare the inflammatory factors (IL-2,
IL-6 and TNF-a), psychopathological symptoms and cog-
nitive function among TRS patients with and without clo-
zapine-resistant symptoms, as well as healthy controls; and
(2) to explore the relationship between inflammatory factors
and clinical characteristics in TRS patients with and with-
out clozapine resistant symptoms, respectively. In particu-
lar, we hypothesized that CTRS patients would have poorer
cognitive performance, as well as unique proinflammatory
markers changes, than patients without clozapine-resistant
symptoms.

Methods
Subjects

All patients were recruited from the Shanghai Pudong New
Area Mental Health Center specializing in psychiatric care
between September 6, 2018, and August 1, 2021, through
medical records and referrals from treating psychiatrists.
The final sample included 115 TRS patients (male/female:
58/57; average age: 47.90 + 8.56 years) and 84 healthy con-
trols (male/female: 44/40; average age: 44.36 +7.21 years).
Additionally, healthy controls were recruited by word of
mouth from the same area. None of the healthy controls
exhibited a personal or family history of mental disorders
had fever, infection, or received any drugs that affect the
immune-inflammatory system within the last month. In
accordance with the recently published guidelines of the
Treatment Response and Resistance in Psychosis Working
Group, patients were regarded as treatment-resistant after
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failing 2 or more trials of different antipsychotics at adequate
doses and for a duration of > 6 weeks, with objective assess-
ments of adherence [18]. TRS patients were further divided
into clozapine-resistant (CTRS) and non-clozapine-resistant
(non-CTRS) groups based on their response to clozapine,
as defined by clinical evaluations and standardized crite-
ria. This study was approved by the Institutional Review
Board of Shanghai Pudong New Area Mental Health Center
(N0.2018008), and all participants signed informed consent.
The protocol was registered on clincialtrials.gov before par-
ticipant enrollment (ID: NCT03652974).

The inclusion criteria were: (1) a diagnosed with schizo-
phrenia according to the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-1V), confirmed
using the Structured Clinical Interview for DSM-IV (SCID-
I/P); (2) aged between 18 and 65 years old, Han ethnicity;
(3) had received at least two antipsychotics with different
mechanisms of action at appropriate doses and an adequate
duration, and recently achieved stabilization on a stable clo-
zapine (i.e., receiving a minimum of 400 mg/d or more for
at least 6 months) to ensure a reasonable response to clozap-
ine monotherapy; (4) a review of the patient’s past medical
history revealed that the patient had persistent psychotic
symptoms that were never effectively controlled. The exclu-
sion criteria were: (1) pregnant or breastfeeding women; (2)
severe physical diseases; (3) any other major Axis I disorder;
(4) substance abuse/dependence except for tobacco.

Clinical assessments

Recruiters used self-designed questionnaires to collect
demographic characteristics (sex, age, BMI, education, mar-
ital status) and history of disease and medication use. Psy-
chopathological symptoms were assessed using the PANSS
[40, 48], while cognitive functioning was evaluated with
the Repeatable Battery for the Assessment of Neuropsy-
chological Status (RBANS) [37]. Both assessors underwent
thorough training on these scales, and the calculated interob-
server correlation coefficients (ICC) were above 0.8. In addi-
tion, the assessors assessing psychopathological symptoms
were blinded to the laboratory parameters. Blinding was
implemented to ensure unbiased evaluations and to prevent
any potential influence of the knowledge about laboratory
results on the assessment of symptoms. The assessors were
not provided with any information regarding the laboratory
findings during the evaluation process.

Blood sampling and measurements of inflammatory
factors

Peripheral venous blood samples were drawn at 8 am from
subjects following an overnight fast and centrifuged at
4000 rpm for 10 min at room temperature to analyze plasma

inflammatory factors levels. Plasma was extracted and stored
at — 80 °C until assay. For the measurement of levels of IL-2,
IL-6 and TNF-a, enzyme-linked immunosorbent assay
(ELISA) was utilized (Jiangsu Meimian Industrial Co., Ltd,
MM-0055H1, MM-0049H1 and MM-0122H1) following the
manufacturer’s instructions. ELISA samples and standards
for IL-2, IL-6 and TNF-a were analyzed in duplicate, with
the average of two readings representing a separate dilution.
The absorbance at 450 nm was measured using an automated
microplate reader, and the plasma levels of IL-2, IL-6 and
TNF-o were expressed in pg/ml. Detection limit of IL-2,
IL-6 and TNF-a were 1.5 pg/ml, 0.8 pg/ml and 0.8 pg/ml,
respectively. All cases were above the detection limit.

Statistical analysis

Statistical analyses were performed using SPSS version
25.0. Continuous variables were initially assessed for nor-
malization using the Kolmogorov-Smirnov one-sample
test. Demographic and clinical characteristics, and cogni-
tive function and inflammatory factors between groups was
compared using the chi-square test and analysis of variance
(ANOVA). Additionally, age, sex, education level and BMI
were selected as covariates in the analysis of comparisons
between healthy controls and TRS patients, and age, sex,
education level, BMI, duration and onset age were selected
as covariates in the analysis of comparisons between TRS
patients with and without clozapine-resistant symptoms.
Bonferroni correction was performed for multiple tests. Cat-
egorical variables were described in terms of frequencies
and percentages, while continuous variables are presented
as means and standard values.

Sex stratification analysis was conducted for various
inflammatory factors. Furthermore, multiple stepwise
regression analysis was performed to assess potential influ-
ences of inflammatory factors on psychopathological symp-
toms and cognitive performance. Receiver operating charac-
teristic (ROC) curves were utilized to explore the possibility
of using inflammatory factors as potential biomarkers to
differentiate between TRS and CTRS patients. Statistical
significance was determined at p <0.05 (two-tailed).

Results
Sociodemographic and clinical characteristics

As shown in Table 1, the prevalence of clozapine-resist-
ant symptoms in TRS was 60%. Compared to healthy
controls, TRS patients were older (F=10.03, p=0.002)
and had less years of education (F=10.79, p=0.001) and
higher BMI (F=17.246, p <0.001). In addition, compared
to TRS patients without clozapine-resistant symptoms,
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Table 1 Characteristics of healthy controls, TRS patients with and without clozapine-resistant symptoms

Characteristics TRS (N=115) HCs (N=284) F* P-value P P-value
CTRS (N=69) Non-CTRS (N=46)
Age (years) 47.45+8.78 48.59+8.26 4436 +7.21## 10.03 0.002 0.486 0.487
Sex (Male/female) 34/35 24/22 44/40 0.074 0.786 0.093 0.761
Education (years) 11.33+£2.45 9.39+2.19 11.77 +2.64## 10.79 0.001 18.063 <0.001
BMI 24.10+3.45 23.77+3.73 22.15 +2.64## 17.246 <0.001 0.237 0.627
Duration (months) 293.14+120.13 249.91+102.08 - - - 4.019 0.047
Onset age (years) 22.86+5.94 27.76 +£6.82 - - - 16.729 <0.001
Serum clozapine level (ng/ml) 486.88 +82.94 223.33+64.39 - - - 331.090 <0.001

Significant differences are highlighted in bold
Data presented as mean + standard deviation

Hashtag indicates significance of the comparisons between healthy controls and TRS patients, ##p <0.01

TRS treatment-resistant schizophrenia, CTRS clozapine-resistant treatment-refractory schizophrenia, BMI Body Mass Index, HCs healthy con-

trols
#Comparisons between healthy controls and TRS patients

®Comparisons between clozapine resistant and non-resistant subgroups

clozapine-resistant patients had more years of education
(F=18.063, p<0.001), longer disease duration (F=4.019,
p=0.047), an earlier onset age (F=16.729, p<0.001) and
higher serum clozapine level (F=331.090, p <0.001).

Table 2 showed the PANSS and RBANS composite
scores, as well as each domain score for all participants. Clo-
zapine-resistant patients exhibited higher scores in PANSS
total and each domain score compared to TRS patients
without clozapine-resistant symptoms (all ps <0.05). These
differences remained statistically significant even after con-
trolling for age, sex, education level, BMI, duration and
onset age (all ps <0.05). Moreover, the RBANS composite
and each domain scores of TRS patients were significantly
lower than those of healthy controls (all ps <0.01). These
differences remained significant after adjusting for age,
sex, education level and BMI (all ps <0.05). Furthermore,
clozapine-resistant patients had lower scores in visuospatial
constructional compared to TRS patients without clozap-
ine-resistant symptoms (Fgj,geq = 0.151, p=0.015).

Inflammatory factors in CTRS, TRS patients, and HC
groups.

The levels of inflammatory factors in healthy controls and
TRS patients with and without clozapine-resistant symptoms
are shown in Table 3. After controlling for age, sex, educa-
tion level and BMI, TRS patients had significantly higher
levels of IL-2 (Fygjystea = 106.554, p <0.001), IL-6 (Fygjystea
=7.685, p=0.006) and TNF-a (Fgj,5ea = 64.222, p <0.001)
compared to healthy controls. Furthermore, clozapine-
resistant patients had higher IL-2 levels (Fgjyqeq = 32.781,
p<0.001) and lower TNF-a levels (Fgjyseqa = 13.758,
p<0.001) than TRS patients without clozapine-resistant
symptoms. These differences remained significant after Bon-
ferroni corrections. Additionally, sex stratification analysis
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demonstrated that inflammatory factors, except for IL-6,
showed significant differences between males and females
in healthy controls, but there were no statistically significant
differences in all inflammatory factors among TRS patients
with and without clozapine-resistant symptoms (Supplemen-
tal Table 1).

Relationships of inflammatory factors and clinical vari-
ables in TRS patients.

The correlations between PANSS scores and IL-2, IL-6,
and TNF-« in all TRS patients are shown in Supplemen-
tal Tables 2 and Fig. 1. PANSS positive psychopathology
score showed significant correlations with IL-2 (»=0.516,
p<0.001) and TNF-a (r = —0.284, p=0.002) levels. PANSS
negative psychopathology score was significantly corre-
lated with IL-2 (r=0.295, p=0.001) and IL-6 (»=0.189,
p=0.043) levels. PANSS general psychopathology score
demonstrated significant correlations with IL-2 (r=0.543,
p<0.001) and TNF-a (r = —0.201, p=0.031) levels. Addi-
tionally, there was a significant correlation between PANSS
total score and the levels of IL-2 (r=0.554, p <0.001) and
TNF-a (r = —0.226, p=0.015) in TRS patients.

In clozapine-resistant patients, significant correlations
were found between PANSS positive psychopathology
score and IL-6 levels (r = —0.233, p=0.018), PANSS
general psychopathology score and IL-2 levels (r=10.280,
p=0.020), as well as PANSS total score and IL-2 levels
(r=0.272, p=0.024) (Supplemental Tables 2 and Fig. 1A).
In TRS patients without clozapine-resistant symptoms,
PANSS negative psychopathology score was significantly
correlated with IL-2 levels (r=0.326, p=0.027). Further-
more, stepwise multiple regression analyses were conducted
in clozapine-resistant and non-resistant subgroups, respec-
tively. In TRS patients with clozapine-resistant symptom,
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Table 3 Comparisons of inflammatory factors among healthy controls, TRS patients with and without clozapine-resistant symptoms
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P-value Adjusted F*  P-value

Fb

Adjusted F* P-value

P-value

Fa

HCs
(N

=115)

TRS (N

Characteristics

=84)

—46)

Non-CTRS (N

=69)

CTRS (N

<0.001

32.324 <0.001 32.781

<0.001

137.062 <0.001 106.554

12.052
119.306

16.17 + 10.00##
4.16 +4.01##

29.08+14.20

45.84+16.28

IL-2

0.843
<0.001

0.161 0.689 0.039
13.758

13.661

0.006
<0.001

7.685
64.222

0.001
<0.001

1.90+ 1.51##

7.41+£10.37
64.76 +£60.07

6.82+5.14
31.60+£11.94

IL-6

0.001

TNF-a

Significant differences are highlighted in bold

Data presented as mean + standard deviation

Hashtag indicates significance of the comparisons between healthy controls and TRS patients, ##p <0.01

TRS treatment-resistant schizophrenia, CTRS clozapine-resistant treatment-refractory schizophrenia, HCs healthy controls, PANSS positive and negative syndrome scale, P Positive psychopa-

thology, N Negative psychopathology, G General psychopathology, NA not available

4Comparisons between healthy controls and TRS patients adjusted by age, sex, education level and BMI

SComparisons between clozapine resistant and non- resistant subgroups adjusted by age, sex, education level, BMI, duration and onset age

IL-2 levels were independently associated with PANSS total
score (Beta=0.268, t=2.075, p=0.042). In TRS patients
without clozapine-resistant symptom, IL-6 levels were asso-
ciated with PANSS total score (Beta = —0.327, t = —2.109,
p=0.042).

The correlations between inflammatory factors and clini-
cal symptoms, after sex stratification, in TRS patients are
shown in Supplemental Tables 4 and Supplemental Table 5.
Finally, stepwise multiple regression analyses were con-
ducted in CTRS patients, based on sex stratification. As
shown in Supplemental Table 6, IL-2 levels were indepen-
dently associated with PANSS total score (Beta=0.436,
t=2.781, p=0.009) and positive psychopathology score
(Beta=0.352, r=2.161, p=0.038) in females. In males,
TNF-a levels were independently associated with PANSS
positive psychopathology score (Beta = —0.337, ¢ =
—2.159, p=0.039) (Supplemental Table 7).

Risk factors of refractory-SCZ patients.

ROC curves were analyzed to evaluate the diagnos-
tic value of IL-2, IL-6 and TNF-a for distinguishing TRS
patients and healthy controls, as well as clozapine-resistant
patients from TRS patients without clozapine-resistant
symptoms. As shown in Supplemental Tables 8 and Fig. 2A,
IL-2 and TNF-a levels provided an acceptable AUC for clas-
sifying TRS patients and healthy controls (both p <0.05).
Among them, IL-2 exhibited the best performance, yield-
ing an AUC of 0.800 (95% CI 0.719-0.882). Furthermore,
IL-2, IL-6 and TNF-a levels all displayed good perfor-
mance in differentiating TRS patients with and without clo-
zapine-resistant symptoms (all p <0.05). Notably, TNF-a
showed the most outstanding performance, with an AUC of
0.981 (95% CI 0.958-1.000) (Supplemental Tables 9 and
Fig. 2B).

Discussion

The main findings of the present study were as follows:
(1) TRS patients exhibited higher levels of IL-2, IL-6 and
TNF-a compared to healthy controls. Additionally, clozap-
ine-resistant patients had higher levels of IL-2 and lower lev-
els of TNF-a when compared to TRS patients without clo-
zapine-resistant symptoms; (2) IL-2 levels were associated
with psychopathology symptoms in CTRS patients, while
IL-6 levels were associated with psychopathology symp-
toms in TRS patients without clozapine-resistant symptoms;
(3) there were sex differences in the inflammatory factors
between TRS patients with and without clozapine-resistant
symptoms; (4) IL-2, IL-6 and TNF-a demonstrated good
diagnostic value for recognizing TRS patients or CTRS
patients.

The proportion of clozapine-resistant patients reported
in our study (60%) aligned with previous research findings
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Fig. 1 Correlation analysis A
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Fig.2 Receiver operating characteristic (ROC) curves of the optimal
sensitivity and specificity by using inflammatory factors levels to dif-
ferentiate healthy controls, TRS patients with and without clozap-
ine-resistant symptoms. A The ROC curve of inflammatory factors of
the optimal sensitivity and specificity by using inflammatory factors

[31, 41, 45], indicating that a significant percentage of SCZ
patients face clozapine-resistant symptoms, posing a chal-
lenge in terms of effective treatment. Cognitive impairment,
a core symptom of SCZ, is typically present from the early
onset and persists throughout the stages of the disorder.
We observed that clozapine-resistant patients displayed
greater cognitive deficits than TRS patients without clo-
zapine-resistant symptoms, particularly in the visuospatial
constructional dimension of cognition assessed by RBANS.
Furthermore, CTRS patients had more severe psychopa-
thology symptoms compared with TRS patients without
clozapine-resistant symptoms. Some studies had found that
CTRS patients might have distinct underlying pathophysi-
ologies compared to those without clozapine-resistant symp-
toms [4, 13]. A study comparing TRS patients and CTRS
patients found that CTRS patients had significantly higher

Sensitivity

90 110

IL-6 level

— IL-2
—— IL-6
/ TNF-a

0.6+ Ay

oef [

T T
04 06 08

1-Specificity

levels to differentiate healthy controls and TRS patients. B The ROC
curve of inflammatory factors of the optimal sensitivity and specific-
ity by using inflammatory factors levels to differentiate TRS patients
with and without clozapine-resistant symptoms

overall illness severity and greater cognitive impairments,
along with significantly lower quality-of-life [34]. Neverthe-
less, the specific mechanisms underlying the poorer clinical
and functional outcomes in CTRS patients require further
investigation, as the shared brain and biological mechanisms
contributing to psychopathology symptoms and cognitive
deficits remain to be elucidated.

In our study, TRS patients exhibited significantly higher
levels of IL-2, IL-6 and TNF-a compared to healthy con-
trols. It is noteworthy that previous research has reported
conflicting results regarding IL-2 levels in SCZ patients. One
study demonstrated that clozapine reduced IL-2 and IL-6
levels in Microglial Cells [10], while a meta-analysis indi-
cated that antipsychotic treatment decreased IL-2 levels in
SCZ patients [7]. In contrast, another study focusing on first-
episode psychosis patients showed no effect of antipsychotic
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medication on IL-2 levels [28]. The discrepancies between
these studies may be attributed to variations in antipsychotic
drugs used and treatment duration. Furthermore, Yuan et al.
found that the IL-2 levels in TRS patients were positively
correlated with the clozapine dose [51]. Similarly, several
studies have reported elevated IL-6 levels in patients treated
with clozapine [23, 25, 42, 43], which is consistent with our
findings. However, there have also been reports of reduced
IL-6 levels [26, 47] or no effect [16, 42] following clozapine
treatment. Consistent with our findings, elevated levels of
TNF-a had been reported in patients with chronic schizo-
phrenia [11, 50] and deficit schizophrenia [12], and chronic
treatment with clozapine upregulated IL-17, and TNF-a
levels [51]. These inconsistent findings regarding the rela-
tionship between inflammatory factors and clozapine treat-
ment may be attributed to the SCZ heterogeneity and the
use of differing technological, experimental and analytical
methods. Further research is needed to fully understand the
underlying mechanisms contributing to these differences and
to account for the heterogeneity of schizophrenia in future
studies.

Importantly, to the best of our knowledge, our study is
the first to report that CTRS patients exhibit higher levels of
IL-2 and lower levels of TNF-a compared to TRS patients
without clozapine-resistant symptoms, indicating distinct
inflammatory profiles between these two subgroups. Addi-
tionally, our findings reveal that IL-2 levels were indepen-
dently associated with psychopathology symptoms in CTRS
patients, and IL-6 levels were associated with psychopathol-
ogy symptoms in TRS patients without clozapine-resistant
symptoms. These results align with previous studies sug-
gesting that IL-2 is a key predictor of negative symptoms
and cognitive impairment in SCZ outpatients [14]. Similarly,
alterations in IL-6 and IL-1RA have been linked to the SCZ
pathophysiology or specific phenotypic features [36]. It is
worth noting that these previous studies were conducted in
mixed-diagnostic and chronic patients, which may contribute
to the observed discrepancies. Taken together, our findings
support the notion that clozapine-resistant treatment-refrac-
tory SCZ may represent a distinct subtype with specific
immune inflammatory mechanisms. However, due to the
limited research on this particular SCZ subtype, further stud-
ies are essential to validate and extend the existing findings.

Intriguingly, our sex stratification analysis in CTRS
patients revealed that a positive relationship between IL-2
levels and positive syndrome and total score in females,
which aligns with previous findings [51]. Moreover, our
study uncovered that in males, TNF-a was independently
associated with positive syndrome. Consistent with our
prior work, we previously reported that an interactive effect
between TNF-o and MDA on the psychopathological symp-
toms solely in male SCZ patients [52]. These observations
suggest that testosterone, known to influence the expression
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of inflammatory markers such as TNF-a, might play a role
in the observed sex-specific correlations. Existing evidence
has shown that testosterone use significantly reduced levels
of inflammatory markers in males [27], and adult males with
lower testosterone levels exhibit higher TNF-a levels [35].
These findings suggest that androgens may have complex
interactions with the immune system, potentially explaining
the independent relationship of TNF-a with psychopathol-
ogy syndromes only in males with CTRS. As no prior stud-
ies have explored sex differences in immune characteristics
in TRS patients with and without clozapine-resistant symp-
toms, our present findings provide a starting point for further
investigation. Future studies with larger, well-characterized
samples are warranted to validate our results and shed light
on the underlying biological mechanisms that may contrib-
ute to sex-specific immune responses in this population.
Several limitations were identified in our study. First,
the cross-sectional design of the study limits our ability to
establish causal relationship between variables. Second,
incomplete information on the smoking and medications
administered to the enrolled patients may have influenced
the observed associations. The potential effects of these
medications and smoking on inflammatory factors were not
fully accounted for, necessitating further studies to address
drug and smoking effects more comprehensively. Third,
the single center sample and limited sample size may have
restricted statistical power, particularly in the stratification
analyses. Hence, future longitudinal investigations with
larger studies are essential to validate and strengthen our
findings. Fourth, the study involved only three inflamma-
tory factors, IL-2, IL-6, and TNF-a. The roles of many other
inflammatory factors remain unproven. Future studies should
consider a broader spectrum of inflammatory factors for a
more comprehensive understanding of immunoinflammatory
dysregulation in TRS patients and CTRS patients.

Conclusion

In summary, our study sheds light on several key find-
ings. CTRS patients displayed poorer cognitive function
compared to TRS patients without clozapine-resistant
symptoms and healthy controls, and exhibited more severe
psychopathology symptoms than the TRS patients without
clozapine-resistant symptoms. Moreover, CTRS patients
exhibited distinct immune inflammatory characteristics, with
higher levels of IL-2 and lower levels of TNF-a than TRS
patients without clozapine-resistant symptoms. In addition,
IL-2 was independently associated with psychopathology
symptoms in CTRS patients, particularly in females, while
IL-6 was associated with psychopathology symptoms in
TRS patients without clozapine-resistant symptoms. These
findings offer valuable insight into the pathophysiological
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mechanisms associated with inflammation of TRS patients
with and without clozapine-resistant symptoms. Nonethe-
less, further investigations involving larger and more diverse
populations are imperative to validate and expand upon our
results. Such efforts will advance our understanding of TRS
and may pave the way for more personalized and targeted
therapeutic approaches.
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