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A B S T R A C T

Background: Schizophrenia spectrum disorders (SSDs) show substantial clinical heterogeneity, potentially 
reflecting distinct pathophysiological mechanisms. Peripheral immune-inflammatory alterations have been 
implicated in SSDs, yet their links with specific clinical phenotypes remain largely unexplored. This study thus 
aimed to examine associations between complete blood count-derived inflammatory markers and symptom 
patterns in inpatients with SSDs.
Methods: This cross-sectional study included inpatients with SSDs. Hierarchical clustering was applied to Positive 
and Negative Syndrome Scale (PANSS) five-factor scores to identify symptom-based phenotypes. Six markers – 
neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), platelet-to-lymphocyte ratio (PLR), 
systemic immune-inflammation index (SII), systemic inflammation response index (SIRI), and aggregate index of 
systemic inflammation (AISI) – were compared across clusters using analysis of variance and multivariable linear 
regressions.
Results: Among 454 inpatients with SSDs aged 18–65, three clusters emerged: Positive/excited-dominant (n =
185, 40.8%), Negative/disorganised/depressive-dominant (n = 133, 29.3%), and Balanced (n = 136, 30.0%). All 
inflammatory markers significantly differed across clusters: NLR (F = 3.29, p = 0.038), MLR (F = 11.13, p <
0.001), PLR (F = 3.71, p = 0.025), SII (F = 3.34, p = 0.036), SIRI (F = 7.42, p < 0.001), and AISI (F = 6.49, p =
0.002). The Negative/disorganised/depressive-dominant cluster exhibited the most pronounced inflammatory 
profile, with covariate-adjusted increases compared to the Balanced cluster of +30% for MLR (p = 0.001), +20% 
for PLR (p = 0.040), +32% for SII (p = 0.043), +43% for SIRI (p = 0.011), and +52% for AISI (p = 0.015). The 
Positive/excited-dominant cluster showed selective, covariate-adjusted elevations in MLR (+19%, p = 0.020) 
and SIRI (+29%, p = 0.028) versus the Balanced cluster.
Conclusions: Distinct SSD phenotypes are associated with heterogeneous inflammatory profiles, with monocyte- 
driven inflammation particularly characterizing negative/disorganised/depressive presentations, probably sup
porting phenotype-stratified approaches in precision psychiatry.

1. Introduction

Schizophrenia spectrum disorders (SSDs) are severe mental condi
tions mainly characterized by positive and negative symptoms (Carrà 
et al., 2022). However, SSDs show substantial relative clinical hetero
geneity and interindividual variation in symptom profiles (Wolfers et al., 
2018). This is especially true during acute phases (Demjaha et al., 2009), 
when people suffering from SSDs display varying combinations of in
dependent symptom structures rather than uniform clinical pre
sentations (Fekih-Romdhane et al., 2023). This heterogeneity may 

reflect distinct underlying pathophysiological mechanisms across sub
jects still meeting the same categorical diagnostic criteria (Fekih- 
Romdhane et al., 2023; Wolfers et al., 2018).

Among the multiple neurobiological, psychological, and environ
mental factors putatively implicated in SSDs (Misiak et al., 2021; 
Pillinger et al., 2019), alterations in immune-inflammatory processes 
may represent key pathophysiological mechanisms that underlie this 
complex clinical presentation (Kachouchi et al., 2024; Khandaker et al., 
2015; Kirkpatrick and Miller, 2013; Müller, 2018). Meta-analytic evi
dence has shown peripheral immune-inflammatory marker alterations 
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in subjects with SSDs (Goldsmith et al., 2016; Misiak et al., 2021), with 
elevated pro-inflammatory cytokines, chemokines, and antibodies 
observed throughout illness course (Halstead et al., 2023; Miller et al., 
2011; Na et al., 2014). However, many of these biomarkers require 
specialized laboratory assays, constraining their scalability and routine 
implementation in clinical settings. In this context, complete blood 
count (CBC)-derived indices have gained attention as accessible, easily 
reproducible, and cost-effective alternatives for assessing relevant 
immune-inflammatory processes (Brinn and Stone, 2020; Sandberg 
et al., 2021). These include the neutrophil-to-lymphocyte ratio (NLR), 
the monocyte-to-lymphocyte ratio (MLR), and the platelet-to- 
lymphocyte ratio (PLR), as well as emerging composite indices such as 
the systemic immune-inflammation index (SII), the systemic inflam
mation response index (SIRI), and the aggregate index of systemic 
inflammation (AISI). Each of these is characterized by different immune 
cell proportions, potentially reflecting different pathophysiological 
processes (Ninla-aesong et al., 2024).

Along with their potential role as diagnostic and prognostic bio
markers across several medical conditions (e.g., Ou et al., 2025; Refaat 
et al., 2025), such indices may mirror pathobiological processes relevant 
for brain dysfunction (Bhikram and Sandor, 2022; Bioque et al., 2022) 
and are increasingly studied as clinically informative biomarkers in se
vere mental disorders (Cavaleri et al., 2025, 2026; Duan et al., 2025), 
including SSDs (Karageorgiou et al., 2019; Moody and Miller, 2018). 
Previous investigations have shown that these markers differ among 
individuals with schizophrenia as compared with healthy controls 
(Clausen et al., 2024; Zhu et al., 2022), in that they increase during 
relapse (Özdin and Böke, 2019), and correlate with positive and nega
tive symptom severity (Cavaleri et al., 2024; Wang et al., 2024). 
Nonetheless, it remains unclear if any of these markers associate with 
specific symptom profiles, as just one study has examined their associ
ation with Positive and Negative Syndrome Scale (PANSS) factors (Liu 
et al., 2024) and none has investigated whether they map onto spe
cific symptom patterns and phenotypes.

Indeed, a phenotype-oriented approach that groups subjects based 
on multivariate symptom configurations – rather than isolated symptom 
dimensions – might provide a more clinically informative framework to 
test biomarker-symptom links. In this context, factor-based PANSS 
models can help operationalise this approach by deriving a set of clini
cally interpretable symptom dimensions (i.e., factor scores) suitable for 
symptom-based clustering. Among the PANSS five-factor models pro
posed in the literature, the construct by Wallwork and colleagues 
(Wallwork et al., 2012) represents a consensus-derived “core-item” so
lution; unlike broader 30-item models (e.g., Marder's), Wallwork's re
tains only 20 PANSS items selected for their most consistent item-to- 
factor allocation across prior five-factor models, showing the best fit 
indices compared to alternatives (Roithmeier et al., 2025).

With this work we thus aimed to examine the associations between 
CBC-derived markers and different symptom patterns in inpatients with 
SSDs. Specifically, we sought to compare NLR, MLR, PLR, SII, SIRI, and 
AISI across distinct symptom phenotypes identified through cluster 
analysis of PANSS five-factor scores according to Wallwork's model, also 
accounting for the possible influence of demographic, clinical, and 
treatment covariates.

2. Material and methods

This cross-sectional study was designed and reported following the 
“Strengthening the Reporting of Observational studies in Epidemiology 
(STROBE)” statement (von Elm et al., 2008). It was carried out in 
accordance with the Code of Ethics of the World Medical Association 
(Declaration of Helsinki) (World Medical Association, 2025) and 
approved by the local Ethics Committee (“Comitato Etico Territoriale 
Area 3”, Milan) as a part of the broader Northern Milan Area Cohort 
(NOMIAC) project (registration number: 672–17112020) (Bartoli et al., 
2025; Cavaleri et al., 2025). Written informed consent was collected for 

the processing of personal data as part of routine clinical care.

2.1. Setting and eligibility criteria

We included individuals consecutively admitted for inpatient treat
ment from May 2020 to September 2025 to psychiatric intensive care 
units of the broader Milan metropolitan area.

Subjects were included if they: i) were aged between 18 and 65 years 
at admission; ii) were diagnosed with a SSD as per DSM-5 criteria 
(American Psychiatric Association, 2013); iii) underwent routine blood 
sampling and psychometric evaluations on the first full day of 
hospitalization.

We excluded people: i) aged < 18 or > 65 years; ii) with intellectual 
disability, cognitive impairment, or dementia as the primary diagnosis; 
iii) without available CBC data; iv) with ongoing inflammatory, infec
tious (SARS-CoV-2 infection was systematically excluded in all patients 
via nasopharyngeal swab testing), or autoimmune diseases at the time of 
admission, as ascertained through clinical assessment, physical exami
nation, and review of medical records; v) treated with clozapine, 
considering its known influence on granulocytes (Girardin et al., 2014).

For study participants with multiple admissions, we analysed data 
from the first complete record.

2.2. Data collection

We collected socio-demographic and clinical information, particu
larly correlates potentially influencing CBC-based inflammatory pa
rameters, such as age, sex, diagnosis, current alcohol (AUD) and 
substance (SUD) use disorders, and antipsychotic treatment (drugs and 
dosages) at admission. The ratio between the prescribed daily dose 
(PDD) and the defined daily dose (DDD), according to the WHO ATC/ 
DDD index, last updated on 27 December 2024 (https://atcddd.fhi.no/ 
atc_ddd_index/, accessed 3 November 2025), was used to estimate the 
equivalent daily doses of antipsychotics (PDD/DDD ratio).

Data were obtained from clinical interviews, individual electronic 
records, and chart review. Trained assessors identified hospitalized 
subjects with SSDs using the Structured Clinical Interview for DSM-5 
(SCID-5) (First et al., 2016). Psychotic symptoms were assessed using 
the PANSS (Kay et al., 1987).

Blood samples were routinely collected around 8.00 a.m., after an 
overnight fast, and immediately analysed employing flow cytometry 
techniques performed on fully automated haematology workstations to 
obtain CBCs, including differential neutrophil, leucocyte, monocyte, and 
platelet counts. Relevant inflammatory markers were estimated from the 
CBC as follows: i) NLR = neutrophils/lymphocytes; ii) MLR = mono
cytes/lymphocytes; iii) PLR = platelets/lymphocytes; iv) SII = (neu
trophils×platelets)/lymphocytes; v) SIRI = (neutrophils×monocytes)/ 
lymphocytes; vi) AISI = (neutrophils×monocytes×platelets)/ 
lymphocytes.

Pseudonymized data were included in a standardized extraction 
template and double-checked to ensure accuracy.

2.3. Wallwork's five-factor model

Wallwork's five-factor model (Wallwork et al., 2012) is a widely 
validated dimensional structure of the PANSS that organizes 20 PANSS 
items into five distinct symptom dimensions: positive factor (P1, P3, P5, 
G9); negative factor (N1, N2, N3, N4, N6, G7); disorganised/concrete 
factor (P2, N5, G11); excited factor (P4, P7, G8, G14), and depressed 
factor (G2, G3, G6). This model demonstrated superior fit indices 
compared to the original three-subscale PANSS structure as well as to 
other five-factor models (Wallwork et al., 2012).

2.4. Cluster analysis

Hierarchical clustering using Ward's method was performed on 
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standardized PANSS scores according to Wallwork's approach 
(Wallwork et al., 2012). PANSS five-factor scores were standardized 
using z-score transformation (z = [x − mean] / SD) to ensure equal 
contribution to clustering of all factors, despite differing in number of 
items. The optimal number of clusters (k) between two and ten was 
determined using the Calinski/Harabasz pseudo-F index, with higher 
values indicating a better-defined cluster solution. Cluster stability was 
examined via bootstrap resampling (1000 resamples); in each resample, 
Ward's hierarchical clustering was repeated, and the optimal number of 
clusters was re-evaluated using the original stopping rule, selecting the 
value of k that maximized the Calinski-Harabasz pseudo-F statistic 
(Supplementary Table 1).

Resulting clusters were characterized and interpreted as data-driven 
constructs according to the mean z-scored PANSS five-factor profiles of 
each group. Each cluster was labelled according to the symptom di
mensions showing the highest standardized mean scores relative to the 
other clusters, with differences further described using one-way ANOVA 
and Bonferroni-corrected pairwise comparisons.

2.5. Comparative analyses across clusters

Standard descriptive statistics were used to characterize the study 
sample and each identified cluster. For categorical variables, chi-square 
or exact tests were run to assess associations with cluster assignment. 
Continuous variables were assessed for normality using the Shapiro- 
Wilk test. For right-skewed distributions but no zero-inflation, log- 
transformation was conducted. Based on relevant assumptions, one-way 
analyses of variance (ANOVAs) with Bonferroni post-hoc correction 
were conducted. Additionally, for continuous variables with zero- 
inflated distributions (defined as >50% zero values), Kruskal-Wallis 
tests were performed to handle zero-inflated data by assigning tied 
ranks to zero values. In all cases, descriptive statistics were reported on 
the original scale for clinical interpretability.

To examine relationships between clusters and complete blood 
count-derived inflammatory indexes (NLR, MLR, PLR, SII, SIRI, AISI), 
separate ANOVAs were performed for each inflammatory marker across 
clusters followed by Bonferroni-corrected pairwise comparisons. 
Multivariable linear regression analyses with robust standard errors (to 
account for potential heteroskedasticity) were then conducted on log- 
transformed inflammatory markers to estimate Bonferroni-corrected 
covariate-adjusted group differences while controlling for potential 
confounders, i.e., age, sex, diagnostic category, comorbid AUD and SUD, 
and first- and second-generation antipsychotic PDD/DDD (Argote et al., 
2023; Pillinger et al., 2020); first- and second-generation antipsychotic 
PDD/DDD ratios were included as separate covariates rather than as a 
single total antipsychotic load based on evidence that first- and second- 
generation antipsychotics exert differential inflammatory, immuno
modulatory, and metabolic effects that may independently influence 
CBC-derived inflammatory indices, allowing for a more granular and 
biologically informed adjustment. Adjusted Cohen's d effect sizes with 
95% confidence intervals (CIs) were computed from regression t-sta
tistics for all pairwise cluster comparisons.

Statistical significance was set at α = 0.05 (two-tailed). All analyses 
were performed using Stata 19 (StataCorp LLC. 2025, College Station, 
TX, USA).

3. Results

3.1. Participant inclusion and characteristics

Out of 805 observations collected between May 2020 and September 
2025, only data from the first psychiatric admission for each subject 
with complete data was retained to ensure independence of observa
tions. A total of 570 unique individuals were identified. Five individuals 
< 18 years and 48 > 65 years were excluded. Among the remaining 517 
subjects, 27 lacked CBC data (missing completely at random 

assumption). Of the 490 individuals with available CBC data, 36 were 
excluded due to ongoing clozapine treatment. The final sample 
comprised 454 participants (288 males, 63.4%) with a mean age of 41.2 
(SD = 13.0) years.

The flow chart of participant inclusion process is reported in Fig. 1.
Among SSDs, the most represented diagnoses were unspecified SSD 

(n = 151, 33.3%), schizophrenia (n = 104, 22.9%), and schizoaffective 
disorder (n = 67, 14.8%). Comorbid AUD was present in 8.4% (n = 38), 
while comorbid SUD in 20.9% of the sample (n = 95). Less than half of 
the sample (n = 212, 46.7%) was undergoing antipsychotic treatment at 
admission, and among them 76 (35.8%) were receiving antipsychotic 
polypharmacy. Sample characteristics are reported in Table 1.

3.2. Cluster description

Using Ward's hierarchical clustering method applied to standardized 
PANSS five-factor scores, the Calinski–Harabasz pseudo-F statistic sug
gested three clusters as optimal (pseudo-F = 99.08) (Supplementary 
Table 1a). The corresponding hierarchical cluster dendrogram is shown 
in Supplementary Fig. 1. Bootstrap resampling (1000 resamples) pro
vided support for the three-cluster solution, with k = 3 yielding the 
highest Calinski–Harabasz pseudo-F in 567 out of 1000 resamples 
(56.7%) (Supplementary Table 1b).

The resulting clusters showed clear separation, as indicated by 
ANOVAs and Bonferroni-corrected pairwise comparisons of the five 
factors across these three clusters.

The first cluster (n = 185, 40.8%) displayed the highest positive and 
excited symptom levels, while simultaneously exhibiting the lowest 
negative, disorganised/concrete, and depressive symptom levels. Such a 
clinical profile, characterized by florid positive symptoms and pro
nounced excitement and agitation, was therefore labelled as the “Posi
tive/excited-dominant cluster”.

The second cluster (n = 133, 29.3%) showed highest negative, dis
organised/concrete, and depression/anxiety symptoms, while positive 
and excited symptoms were moderate-low. This profile reflected 
prominent negative syndrome, marked conceptual disorganization, and 
substantial depressive symptomatology, thus defined as the “Negative/ 
disorganised/depressive-dominant cluster”.

The third cluster (n = 136, 30.0%) was characterized by a balanced 
distribution of symptom scores across all factors. Since it had a hetero
geneous presentation with no prevalent single symptom domain within 
the group or relative to the other clusters, it was designated as the 
“Balanced cluster”.

The comparisons of PANSS five-factor scores across clusters are 
shown in Table 2.

The three clusters showed comparability in terms of age and sex. No 
statistically significant differences in absolute counts of neutrophils (p =
0.281), lymphocytes (p = 0.100), and platelets (p = 0.423) across 
clusters emerged. However, a statistically significant cluster effect was 
observed for monocytes (p = 0.002), with the Balanced symptom cluster 
having significantly lower monocyte counts than both Positive/excited- 
dominant cluster (p = 0.025) and Negative/disorganised/depressive- 
dominant cluster (p = 0.002).

The characteristics of the study sample and of each cluster, with 
cross-comparison statistics, are reported in Table 3.

3.3. Inflammatory markers across clusters: unadjusted and covariate- 
adjusted comparative analyses

Across clusters, one-way ANOVA indicated statistically significant 
differences for all inflammatory markers: NLR (F = 3.29, p = 0.038), 
MLR (F = 11.13, p < 0.001), PLR (F = 3.71, p = 0.025), SII (F = 3.34, p 
= 0.036), SIRI (F = 7.42, p < 0.001), and AISI (F = 6.49, p = 0.002) 
(Table 3).

Pairwise comparisons showed no statistically significant differences 
between the Positive/excited-dominant and Negative/disorganised/ 
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depressive-dominant clusters for any marker, in either unadjusted or 
covariate-adjusted analyses.

The Positive/excited-dominant cluster showed MLR (+19%, p =
0.007) and SIRI (+28%, p = 0.019) higher than the Balanced cluster in 
unadjusted analyses, while no statistically significant unadjusted dif
ferences were detected for NLR (p = 0.243), PLR (p > 0.999), SII (p =
0.488), or AISI (p = 0.068). After covariate adjustment, MLR (+19%, p 
= 0.020) and SIRI (+29%, p = 0.028) were significantly higher in the 
Positive/excited-dominant cluster, whereas NLR (p = 0.136), PLR (p =
0.644), SII (p = 0.223), and AISI (p = 0.071) again did not differ 
significantly from the Balanced cluster.

The Negative/disorganised/depressive-dominant cluster had signif
icantly higher indices than the Balanced cluster across all markers in 
unadjusted analyses: NLR (+20%, p = 0.036), MLR (+34%, p < 0.001), 
PLR (+15%, p = 0.028), SII (+24%, p = 0.030), SIRI (+44%, p = 0.001), 
and AISI (+49%, p = 0.001). After adjusting for covariates, statistical 
significance was found for all comparisons between the Negative/ 
disorganised/depressive-dominant and the Balanced clusters but the 
one on NLR (p = 0.057), with only minimal changes in magnitude: MLR 
(+30%, p = 0.001), PLR (+20%, p = 0.040), SII (+32%, p = 0.043), SIRI 
(+43%, p = 0.011), and AISI (+52%, p = 0.015).

Univariate and covariate-adjusted comparisons of inflammatory 
markers across clusters, along with Cohen's d effect sizes for all pairwise 

comparisons, are reported in Table 4, while full regression analyses 
details are reported in Supplementary Tables 2–7.

Forest plots of covariate-adjusted comparisons of inflammatory 
markers across clusters are presented in Fig. 2.

4. Discussion

4.1. Summary and interpretation of findings

This study employed hierarchical clustering to examine the associ
ation between CBC-derived inflammatory markers – namely NLR, MLR, 
PLR, SII, SIRI, and AISI – and specific symptom patterns in inpatients 
with SSDs. While evidence in this field is currently limited to a small 
number of investigations assessing associations between individual in
flammatory markers and either global severity (Karageorgiou et al., 
2019; Mojadadi et al., 2024) or broad symptom dimensions (Cavaleri 
et al., 2024; Šagud et al., 2023), our approach allowed us to explore 
whether distinct phenotypic presentations of SSDs are associated with 
different inflammatory biomarker profiles.

In our study, direct comparison of inflammatory markers demon
strated significant differences in all six inflammatory indices across the 
three identified clusters. Both the Positive/excited- and the Negative/ 
disorganised/depressive-dominant clusters had significantly higher 

Fig. 1. Flow chart of participant inclusion process.
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inflammatory marker levels than the Balanced cluster. Specifically, the 
Negative/disorganised/depressive-dominant cluster exhibited the most 
pronounced inflammatory profile across all indices at the univariate 
level. These findings were confirmed by covariate-adjusted analyses for 
all markers but the NLR. From a neurobiological perspective, this seems 
to suggest that negative, disorganised, and depressive features appear to 
be underpinned by a marked and diffuse immune-inflammatory 
response, consistently with theories that inflammation may represent 
a pathophysiologic mechanism that underlies motivational and reward 
processing deficits in people with schizophrenia (Goldsmith and 
Rapaport, 2020). On the other hand, the Positive/excited-dominant 

Table 1 
Sample characteristics.

Characteristic Total sample 
(N = 454)

Demographics
Age (years), mean ± SD 41.2 ± 13.0
Male sex, n (%) 288 (63.4%)

Diagnosis
Brief psychotic disorder, n (%) 43 (9.5%)
Delusional disorder, n (%) 36 (7.9%)
Psychotic disorder due to another medical condition, n (%) 4 (0.9%)
Other specified schizophrenia spectrum and other psychotic 

disorder, n (%)
11 (2.4%)

Schizoaffective disorder, n (%) 67 (14.8%)
Schizophrenia, n (%) 104 (22.9%)
Schizophreniform disorder, n (%) 4 (0.9%)
Substance/medication-induced psychotic disorder, n (%) 34 (7.5%)
Unspecified schizophrenia spectrum and other psychotic 

disorder, n (%)
151 (33.3%)

Comorbid alcohol and substance use disorders
Comorbid Alcohol Use Disorder, n (%) 38 (8.4%)
Comorbid Substance Use Disorder, n (%) 95 (20.9%)

PANSS factors
Positive factor, mean ± SD 13.1 ± 5.1
Negative factor, mean ± SD 14.7 ± 7.7
Disorganised/concrete factor, mean ± SD 8.6 ± 3.5
Excited factor, mean ± SD 11.0 ± 5.5
Depressed factor, mean ± SD 6.8 ± 3.0

Antipsychotic treatment
Taking any AP, n (%) 212 (46.7%)
Taking more than one AP, n (%) 76 (16.7%)
AP PDD/DDD a

mean ± SD 0.63 ± 0.92
median (Q1–Q3) 0.0 (0.0–1.0)
Taking FGA, n (%) 111 (24.5%)
FGA PDD/DDD b

mean ± SD 0.21 ± 0.56
median (Q1–Q3) 0.0 (0.0–0.0)
Taking SGA, n (%) 146 (32.2%)
SGA PDD/DDD c

mean ± SD 0.42 ± 0.74
median (Q1–Q3) 0.0 (0.0–0.7)

Blood cell counts
Neutrophils (103/μL)
mean ± SD 5.37 ± 2.60
median (Q1–Q3) 4.86 (3.53–6.54)
Lymphocytes (103/μL)
mean ± SD 2.25 ± 0.87
median (Q1–Q3) 2.12 (1.69–2.74)
Monocytes (103/μL)
mean ± SD 0.68 ± 0.25
median (Q1–Q3) 0.64 (0.51–0.83)
Platelets (103/μL)
mean ± SD 257.5 ± 76.1
median (Q1–Q3) 249 (210–289)

Inflammatory markers
NLR
mean ± SD 2.82 ± 2.17
median (Q1–Q3) 2.18 (1.54–3.31)
MLR
mean ± SD 0.343 ± 0.188

median (Q1–Q3)
0.299 

(0.227–0.402)
PLR
mean ± SD 130.8 ± 64.4
median (Q1–Q3) 117 (89–159)
SII
mean ± SD 739.7 ± 648.3

Table 1 (continued )

Characteristic Total sample 
(N = 454)

median (Q1–Q3) 549 (357–899)
SIRI
mean ± SD 2.08 ± 2.38
median (Q1–Q3) 1.41 (0.86–2.27)
AISI
mean ± SD 558.8 ± 717.8
median (Q1–Q3) 353 (199–650)

Abbreviations: AISI, aggregate index of systemic inflammation; AP, antipsy
chotic; FGA, first-generation antipsychotic; MLR, monocyte-to-lymphocyte 
ratio; NLR, neutrophil-to-lymphocyte ratio; PANSS, Positive and Negative Syn
drome Scale; PDD/DDD: ratio between the prescribed daily dose (PDD) and the 
defined daily dose (DDD); PLR, platelet-to-lymphocyte ratio; Q1, first quartile; 
Q3, third quartile; SGA, second-generation antipsychotic; SII, systemic immune- 
inflammation index; SIRI, systemic inflammation response index.

a n = 6 missing.
b n = 3 missing.
c n = 3 missing.

Table 2 
One-way ANOVA and Bonferroni post-hoc comparisons of PANSS five-factor 
scores across clusters.

PANSS factor Overall ANOVA 
F(2,451), p-value

Bonferroni-corrected comparisons 
Comparison: MD, p-value

Positive 
(P1, P3, P5, G9)

F = 103.90, p <
0.001

Pos/exc vs Neg/dis/dep: MD = 3.25, 
p < 0.001
Pos/exc vs Bal: MD = 6.86, p < 0.001
Neg/dis/dep vs Bal: MD = 3.61, p <
0.001

Negative 
(N1, N2, N3, N4, N6, 
G7)

F = 247.62, p <
0.001

Pos/exc vs Neg/dis/dep: MD =
− 12.84, p < 0.001
Pos/exc vs Bal: MD = − 1.81, p =
0.008
Neg/dis/dep vs Bal: MD = 11.03, p 
< 0.001

Disorganised/concrete 
(P2, N5, G11)

F = 66.28, p <
0.001

Pos/exc vs Neg/dis/dep: MD =
− 1.81, p < 0.001
Pos/exc vs Bal: MD = 2.51, p < 0.001
Neg/dis/dep vs Bal: MD = 4.32, p <
0.001

Excited 
(P4, P7, G8, G14)

F = 116.13, p <
0.001

Pos/exc vs Neg/dis/dep: MD = 3.84, 
p < 0.001
Pos/exc vs Bal: MD = 7.72, p < 0.001
Neg/dis/dep vs Bal: MD = 3.89, p <
0.001

Depressed 
(G2, G3, G6)

F = 30.86, p <
0.001

Pos/exc vs Neg/dis/dep: MD =
− 2.49, p < 0.001
Pos/exc vs Bal: MD = − 0.83, p =
0.026
Neg/dis/dep vs Bal: MD = 1.65, p <
0.001

Mean differences (MDs) were calculated as “first cluster raw scores – second 
cluster raw scores”; negative values indicate that the first cluster has lower 
scores.
Abbreviations: Bal: Balanced cluster; Neg/dis/dep: Negative/disorganised/ 
depressive-dominant cluster; Pos/exc: Positive/excited-dominant cluster.

D. Cavaleri et al.                                                                                                                                                                                                                                Schizophrenia Research 295 (2026) 253–263 

257 



Table 3 
Cluster characteristics with comparisons across clusters.

Characteristic Positive/excited-dominant 
cluster 

(n = 185, 40.8%)

Negative/disorganised/depressive- 
dominant cluster 
(n = 133, 29.3%)

Balanced cluster 
(n = 136, 30.0%)

Test statistic, p- 
value

Demographics
Age (years), mean ± SD 40.1 ± 12.7 40.8 ± 13.7 43.0 ± 12.5 F = 2.06, p = 0.128

Male sex, n (%) 126 (68.1%) 84 (63.2%) 78 (57.4%)
χ2 = 3.92, p =

0.141

Diagnosis χ2 ¼ 38.2, p ¼
0.001

Brief psychotic disorder, n (%) 16 (8.6%) 8 (6.0%) 19 (14.0%)
Delusional disorder, n (%) 24 (13.0%) 5 (3.8%) 7 (5.1%)
Psychotic disorder due to another medical condition, n (%) 3 (1.6%) 1 (0.8%) 0 (0%)
Other specified schizophrenia spectrum and other 

psychotic disorder, n (%) 4 (2.2%) 3 (2.3%) 4 (2.9%)

Schizoaffective disorder, n (%) 30 (16.2%) 14 (10.5%) 23 (16.9%)
Schizophrenia, n (%) 38 (20.5%) 38 (28.6%) 28 (20.6%)
Schizophreniform disorder, n (%) 1 (0.5%) 3 (2.3%) 0 (0%)
Substance/medication-induced psychotic disorder, n (%) 20 (10.8%) 9 (6.8%) 5 (3.7%)
Unspecified schizophrenia spectrum and other psychotic 

disorder, n (%) 49 (26.5%) 52 (39.1%) 50 (36.8%)

Comorbid alcohol and substance use disorders

Comorbid Alcohol Use Disorder, n (%) 17 (9.2%) 9 (6.8%) 12 (8.8%)
χ2 = 0.64, p =

0.725

Comorbid Substance Use Disorder, n (%) 50 (27.0%) 23 (17.3%) 22 (16.2%) χ2 ¼ 7.08, p ¼
0.029

PANSS factors

Positive factor, mean ± SD 16.1 ± 4.2 12.8 ± 5.1 9.2 ± 3.1
F ¼ 103.90, p < 

0.001

Negative factor, mean ± SD 10.4 ± 3.8 23.2 ± 7.4 12.2 ± 4.7
F ¼ 247.62, p < 

0.001

Disorganised/concrete factor, mean ± SD 8.8 ± 3.3 10.7 ± 3.4 6.3 ± 2.3
F ¼ 66.28, p < 

0.001

Excited factor, mean ± SD 14.4 ± 5.4 10.6 ± 4.8 6.7 ± 2.3 F ¼ 116.13, p < 
0.001

Depressed factor, mean ± SD 5.8 ± 1.9 8.3 ± 3.7 6.7 ± 2.8
F ¼ 30.86, p < 

0.001

Antipsychotic treatment

Taking any AP, n (%) 66 (35.7%) 74 (55.6%) 72 (52.9%)
χ2 ¼ 15.4, p < 

0.001

Taking more than one AP, n (%) 18 (9.7%) 28 (21.1%) 30 (22.1%) χ2 ¼ 11.1, p ¼
0.004

AP PDD/DDD a

mean ± SD 
median (Q1–Q3)

0.48 ± 0.88 
0.0 (0.0–0.7)

0.75 ± 0.89 
0.3 (0.0–1.3)

0.71 ± 0.98 
0.2 (0.0–1.2)

H ¼ 13.3, p ¼
0.001

Taking FGA, n (%) 35 (18.9%) 36 (27.1%) 40 (29.4%)
χ2 = 5.37, p =

0.068
FGA PDD/DDD b

mean ± SD 0.19 ± 0.57 0.21 ± 0.53 0.24 ± 0.59 H = 3.69, p =
0.158median (Q1–Q3) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)

Taking SGA, n (%) 45 (24.3%) 51 (38.3%) 50 (36.8%)
χ2 = 8.86, p ¼

0.012
SGA PDD/DDD c

mean ± SD 0.29 ± 0.66 0.53 ± 0.79 0.48 ± 0.78 H ¼ 10.4, p ¼
0.006median (Q1–Q3) 0.0 (0.0–0.3) 0.0 (0.0–1.0) 0.0 (0.0–0.9)

Blood cell counts
Neutrophils (103/μL)
mean ± SD 5.34 ± 2.69 5.47 ± 2.80 5.28 ± 2.25 F = 1.27, p = 0.281
median (Q1–Q3) 4.93 (3.54–6.43) 4.95 (3.45–6.72) 4.58 (3.58–6.42)
Lymphocytes (103/μL)
mean ± SD 2.27 ± 0.91 2.16 ± 0.78 2.32 ± 0.90

F = 2.31, p = 0.100median (Q1–Q3) 2.09 (1.68–2.72) 1.97 (1.67–2.56) 2.19 (1.72–2.84)
Monocytes (103/μL)
mean ± SD 0.69 ± 0.24 0.71 ± 0.24 0.63 ± 0.27 F ¼ 6.34, p ¼

0.002median (Q1–Q3) 0.65 (0.51–0.84) 0.68 (0.54–0.86) 0.57 (0.47–0.77)
Platelets (103/μL)
mean ± SD 255.7 ± 76.2 264.7 ± 78.0 253.2 ± 74.2

F = 0.86, p = 0.423median (Q1–Q3) 243 (205–283) 254 (220–300) 247 (213–288)

Inflammatory markers

(continued on next page)
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cluster showed a more selective inflammatory signature, with higher 
MLR and SIRI than the Balanced cluster. This aligns with the hypothesis 
of partially distinct neurobiological substrates, whereby positive psy
chotic symptoms, excitement, and aggression are driven primarily by 
mesolimbic dopaminergic dysregulation (Heinz and Schlagenhauf, 
2010; McCutcheon et al., 2019), while negative, disorganised, and 
depressive features are more closely linked to cytokine-mediated reward 
suppression (Goldsmith and Rapaport, 2020). Nonetheless, direct com
parison between Positive/excited-dominant and Negative/ 
disorganised/depressive-dominant clusters revealed no evidence of 
meaningful differences across inflammatory indices. Effect sizes for all 
six inflammatory markers in this comparison were negligible to small, 
with confidence intervals excluding zero only for PLR, though this 
finding did not survive Bonferroni correction and the effect remained 
within the negligible-to-small range. This suggests that differences be
tween the two groups, if any, are likely to be of limited clinical rele
vance. Although the power to detect very small effects may be 
constrained, the consistently small effect sizes argue against the pres
ence of substantial differences in inflammatory profiles between the two 
symptom-dominant phenotypes. Thus, despite the remarkable diver
gence in symptom profile, these two clinically distinct subgroups may 
share elevated peripheral inflammation, when compared to more 
balanced presentations.

Taken together, these findings indicate that peripheral inflammation 
differentiates patients with dominant symptom profiles (whether pre
dominantly positive/excited or negative/disorganised/depressive) from 
those with a more balanced presentation, but do not provide evidence 
for a definite association with specific symptom configurations. In doing 
so, our study partly addresses a gap acknowledged in the literature 
(Karageorgiou et al., 2019), that is, the inability to evaluate the effect of 
specific symptomatology on CBC-derived inflammatory markers. By 
adopting a cluster-based approach applied to PANSS five-factor scores, 
our study provides the first phenotype-level evidence that monocyte- 
driven inflammatory indices – particularly MLR, SIRI, and AISI – are 
significantly higher in subjects with a clearly polarised presentation. 

This pattern was observed in both the Positive/excited- and the 
Negative/disorganised/depressive-dominant clusters, with the latter 
showing the most pronounced inflammatory profile. A noteworthy 
finding is that monocyte-related indices demonstrated the most robust 
associations with symptom clusters. Indeed, MLR and SIRI were the only 
two markers whose significant increase relative to the Balanced cluster 
was common to the Positive/excited-dominant and the Negative/ 
disorganised/depressive-dominant clusters, and were those with the 
largest effect sizes. Hence, while indices more broadly reflecting sys
temic inflammation are more susceptible to confounding (Gasparyan 
et al., 2019; Song et al., 2021), MLR and SIRI, being substantially 
determined by monocyte counts, may capture the neuroinflammatory 
signal in SSDs with superior sensitivity. Recent studies have demon
strated that monocytes play a central role in psychosis-related immune 
dysregulation (Hu et al., 2025; Melbourne et al., 2021; Müller et al., 
2015), releasing pro-inflammatory cytokines (Kany et al., 2019; Soares 
et al., 2023) and trafficking to the brain (Zhang et al., 2025), where 
they interact with resident microglia or differentiate into it, contributing 
to the amplification and maintenance of neuroinflammatory response 
(Ding et al., 2021). These mechanisms have been observed in schizo
phrenia (Sellgren et al., 2019). Hence, the stronger and more consistent 
associations observed for MLR and SIRI found by our study strengthen 
the hypothesis that monocyte-driven processes may represent a relevant 
peripheral correlate of specific symptom patterns in SSDs (Bloomfield 
et al., 2016; Goldsmith and Rapaport, 2020).

4.2. Potential clinical and treatment implications

The clustering-based identification of symptom-phenotype-specific 
inflammatory profiles suggests potential clinical applications. Growing 
evidence from psychoneuroimmunology studies suggests that pro- 
inflammatory mediators influence key metabolic pathways in SSDs, 
including glutamatergic neurotransmission and tryptophan metabolism 
via the kynurenine pathway (Bartoli et al., 2021a; Khandaker et al., 
2015). However, direct measurement of inflammatory cytokines and 

Table 3 (continued )

Characteristic Positive/excited-dominant 
cluster 

(n = 185, 40.8%) 

Negative/disorganised/depressive- 
dominant cluster 
(n = 133, 29.3%) 

Balanced cluster 
(n = 136, 30.0%) 

Test statistic, p- 
value

NLR
mean ± SD 2.95 ± 2.42 3.09 ± 2.35 2.39 ± 1.46 F ¼ 3.29, p ¼

0.038median (Q1–Q3) 2.12 (1.55–3.43) 2.32 (1.61–3.79) 2.05 (1.39–2.92)
MLR
mean ± SD 0.353 ± 0.217 0.382 ± 0.188 0.291 ± 0.127 F ¼ 11.1, p < 

0.001median (Q1–Q3) 0.296 (0.215–0.415) 0.324 (0.272–0.428)
0.263 

(0.205–0.356)
PLR
mean ± SD 127.2 ± 57.6 141.2 ± 64.0 125.5 ± 72.4 F ¼ 3.71, p ¼

0.025median (Q1–Q3) 112 (88–151) 129 (98–164) 115 (84–149)
SII
mean ± SD 754.8 ± 701.9 832.7 ± 716.8 628.2 ± 463.7 F ¼ 3.34, p ¼

0.036median (Q1–Q3) 529 (360–923) 597 (374–935) 508 (325–799)
SIRI
mean ± SD 2.28 ± 2.96 2.38 ± 2.36 1.51 ± 1.09 F ¼ 7.42, p ¼

0.001median (Q1–Q3) 1.41 (0.85–2.48) 1.64 (1.05–2.83) 1.26 (0.76–1.91)
AISI
mean ± SD 602.9 ± 896.4 650.8 ± 699.6 408.7 ± 348.3 F ¼ 6.49, p ¼

0.002median (Q1–Q3) 356 (185–672) 395 (245–723) 291 (153–501)

Test statistics: F, ANOVA; H, Kruskal-Wallis with ties correction; χ2, chi-square. ANOVAs were performed on log-transformed values. Because some cells in the 
diagnosis-by-cluster contingency table were sparse and exact tests were computationally unfeasible, the association was evaluated using the likelihood-ratio χ2 sta
tistic. Descriptive statistics are on a raw scale. Significant differences are highlighted in bold.
Abbreviations: AISI, aggregate index of systemic inflammation; AP, antipsychotic; FGA, first-generation antipsychotic; MLR, monocyte-to-lymphocyte ratio; NLR, 
neutrophil-to-lymphocyte ratio; PANSS, Positive and Negative Syndrome Scale; PDD/DDD: ratio between the prescribed daily dose (PDD) and the defined daily dose 
(DDD); PLR, platelet-to-lymphocyte ratio; Q1, first quartile; Q3, third quartile; SGA, second-generation antipsychotic; SII, systemic immune-inflammation index; SIRI, 
systemic inflammation response index.

a n = 6 missing.
b n = 3 missing.
c n = 3 missing.
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specific metabolic pathways typically requires specialized immunoas
says that are often expensive and not readily available in clinical settings 
(Brinn and Stone, 2020). CBC-derived indices offer a practical alterna
tive: they are simple, reproducible, low-cost measures, routinely used 
even in resource-limited settings, representing accessible proxies for 
systemic inflammatory unbalances.

In addition, profiling inflammation via accessible biomarkers such as 
CBC-derived indices may also help identifying patient subpopulations at 
heightened risk of systemic inflammatory complications, accelerated 
atherosclerosis, and insulin resistance (Pillinger et al., 2019; Zhang 
et al., 2022), stratifying high-risk subjects for targeted interventions 
aimed at reducing metabolic and cardiovascular morbidity and 
mortality.

Furthermore, given the potential therapeutic role of targeting 
inflammation in SSDs (Khandaker et al., 2015), CBC-derived markers 
may help predict treatment outcomes. For instance, recent evidence has 
shown that baseline NLR positively correlates with response to risperi
done monotherapy in drug-naïve first-episode psychosis (Lu et al., 
2024). Moreover, some lines of evidence supporting the efficacy of 
agents such as minocycline, acetylsalicylic acid, and cyclooxygenase-2 
(COX-2) inhibitors (Laan et al., 2010; Müller, 2010; Truong et al., 
2024), as well as omega-3 fatty acids and N-acetylcysteine (Amminger 
et al., 2010; Berk et al., 2008), in SSDs putatively suggest that drug 
repurposing of anti-inflammatory and anti-oxidant compounds remains 
a promising strategy in psychiatry (Bartoli et al., 2021b; Fava, 2018). 
Accordingly, patients presenting with elevated inflammatory profiles – 
such as those with a predominantly negative/disorganised/depressive 
presentation – might represent candidates for adjunctive anti- 
inflammatory or immunomodulatory interventions. This is consistent 
with the emerging hypothesis that negative symptoms are more closely 
linked to peripheral immune dysregulation than positive or excited ones 
(Enache et al., 2021; Ingabire et al., 2026), suggesting that inflammatory 
burden may drive – or at least accompany – the neurotoxic processes 
underlying negative and cognitive symptom domains in psychosis. 
Identifying patients belonging to an immune-enriched symptomatic 
subtype, such as the Negative/disorganised/depressive-dominant clus
ter described in this study, may therefore contribute to the stratification 
of candidates for such augmentation therapies.

4.3. Limitations

Some limitations of this study should be acknowledged. First, the 
cross-sectional nature of our data precluded causal inferences about 
whether inflammation drives specific symptom patterns. Second, data 
on important confounding variables (such as illness duration, medica
tion exposure over time, body mass index, and smoking) were not 
thoroughly available in the present dataset and could therefore not be 
included as covariates: this represents a relevant limitation, as these 
factors are highly prevalent in individuals with SSDs and may inde
pendently contribute to inflammatory marker variability. Third, par
ticipants with no prescribed treatment or documented non-adherence 
were assigned a PDD/DDD ratio of 0. However, subtherapeutic anti
psychotic exposure prior to admission cannot be excluded in subjects 
with a formal prescription, considering how common poor medication 
adherence is in this population, and may have attenuated drug effects on 
CBC-derived indices. Fourth, while we assumed that CBC data were 
missing completely at random, this cannot be formally verified. None
theless, formal comparisons between participants with missing CBC data 
(n = 27, 5.6%) and those included in the final sample showed no sta
tistically significant differences in age, sex, diagnosis, comorbid sub
stance use, total PANSS score, or any individual PANSS five-factor score, 
with the sole exception of the excited factor (means: 8.7 vs. 11.0, p =
0.034), where missing participants had lower rather than higher scores, 
therefore arguing against systematic exclusion of more severely ill pa
tients. Fifth, the focus on inpatient settings limits generalizability to less 
severely ill populations. Sixth, although patients with clinically overt 

Table 4 
Univariate and covariate-adjusted comparisons of inflammatory markers across 
clusters.

Cluster 
comparison

Marker Univariate 
comparison,  
Bonferroni- 
corrected 

(% difference, p- 
value)

Adjusted†

comparison,  
Bonferroni- 
corrected 

(% difference), 
p-value

Adjusted 
Cohen's d 
(95% CI)

Pos/exc vs 
Neg/dis/dep

NLR − 7%, p > 0.999 − 7%, p > 0.999 − 0.10 
(− 0.32, 
0.13)

MLR
− 11%, p =

0.153
− 10%, p =

0.428

− 0.17 
(− 0.39, 
0.06)

PLR
− 10%, p =

0.115
− 10%, p =

0.147

¡0.23 
(¡0.45, 
0.002)

SII − 10%, p =
0.502

− 11%, p =
0.615

− 0.14 
(− 0.37, 
0.08)

SIRI
− 11%, p =

0.593
− 10%, p >

0.999

− 0.11 
(− 0.33, 
0.12)

AISI − 15%, p =
0.356

− 14%, p =
0.629

− 0.14 
(− 0.37, 
0.08)

Pos/exc vs Bal

NLR
+13%, p =

0.243
+16%, p =

0.136
0.23 

(0.01, 0.45)

MLR þ19%, p ¼
0.007

þ19%, p ¼
0.020

0.31 
(0.09, 0.53)

PLR +4%, p > 0.999 +8%, p = 0.644
0.14 

(− 0.08, 
0.36)

SII +12%, p =
0.488

+17%, p =
0.223

0.20 
(− 0.02, 
0.42)

SIRI þ28%, p ¼
0.019

þ29%, p ¼
0.028

0.30 
(0.07, 0.52)

AISI
+27%, p =

0.068
+30%, p =

0.071
0.26 

(0.03, 0.48)

Neg/dis/dep vs 
Bal

NLR
þ20%, p ¼

0.036
+24%, p =

0.057
0.29 

(0.05, 0.53)

MLR
þ34%, p < 

0.001
þ30%, p ¼

0.001
0.44 

(0.20, 0.68)

PLR þ15%, p ¼
0.028

þ20%, p ¼
0.040

0.30 
(0.06, 0.54)

SII
þ24%, p ¼

0.030
þ32%, p ¼

0.043
0.30 

(0.06, 0.54)

SIRI
þ44%, p ¼

0.001
þ43%, p ¼

0.011
0.36 

(0.12, 0.60)

AISI þ49%, p ¼
0.001

þ52%, p ¼
0.015

0.35 
(0.11, 0.59)

Overall analyses of variance (ANOVAs) comparing inflammatory biomarker 
levels across diagnostic groups (F(2,451), p-value): NLR: F = 3.29, p = 0.038; 
MLR: F = 11.13, p < 0.001; PLR: F = 3.71, p = 0.025; SII: F = 3.34, p = 0.036; 
SIRI: F = 7.42, p < 0.001; AISI: F = 6.49, p = 0.002.
Percentage differences are approximated as (eβ − 1) × 100, where β (Bonferroni- 
corrected regression coefficient) is the mean difference on log scale. Negative 
percentages indicate lower levels in the first group; positive percentages indicate 
higher levels in the first group. Cohen's d values represent the adjusted stan
dardized mean difference derived from the regression t-statistic; 95% confidence 
intervals (CIs) are not adjusted for multiple comparisons. Significant differences 
are highlighted in bold.
Abbreviations: AISI: aggregate index of systemic inflammation; Bal: Balanced 
cluster; MLR: monocyte-to-lymphocyte ratio; Neg/dis/dep: Negative/ 
disorganised/depressive-dominant cluster; NLR: neutrophil-to-lymphocyte 
ratio; PLR: platelet-to-lymphocyte ratio; Pos/exc: Positive/excited-dominant 
cluster; SII: systemic immune-inflammation index; SIRI: systemic inflamma
tion response index.

† Adjusted for age, sex, diagnosis, current alcohol and substance sue disorders, 
total severity, first-generation antipsychotic dosage, and second-generation 
antipsychotic dosage using linear regression with robust standard errors. All p- 
values are Bonferroni-corrected for three pairwise comparisons.
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inflammatory, infectious, or autoimmune conditions were excluded 
based on clinical assessment, physical examination, and review of 
medical records, we cannot fully rule out the potential contribution of 
subclinical or undiagnosed conditions (such as influenza or sub
syndromal autoimmune disorders) to inflammatory marker variability. 
Finally, while CBC-derived indices offer practical clinical utility and low 
cost, they provide limited mechanistic specificity: integration with 
specialized immunoassays (cytokine profiling) and immune cell phe
notyping would enable a more precise characterization of the cellular 
and molecular underpinnings of the observed patterns.

5. Conclusions

This study shows that distinct clinical presentations are associated 
with heterogeneous inflammatory profiles, supporting the value of 
phenotype-stratified approaches to dissect the biological heterogeneity 
of SSDs. In particular, the robust associations observed for MLR and SIRI 

indicate that monocyte-driven inflammatory activation may be espe
cially relevant in presentations dominated by negative, disorganised, 
and depressive symptoms. Clustering-based methods thus offer a prag
matic framework for mapping symptom pattern-specific inflammatory 
signatures and advancing understanding of the role of inflammation in 
psychotic symptom heterogeneity. Nonetheless, longitudinal studies are 
needed to clarify mechanistic links between symptom phenotypes and 
inflammatory activation, evaluate predictive utility for relapse risk and 
symptom trajectories, and ultimately inform personalized treatment 
strategies in SSDs.
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