Neuropsychiatric Disease and Treatment Dove

ORIGINAL RESEARCH

Combined Predictors for the Diagnostic
Transition from Acute and Transient Psychotic
Disorder to Schizophrenia: A Retrospective Study

Yanyan Lu "*, Qiang Wang 2’*, Xuzhen Liu ', Shuzhan Gao ', Sulin Ni ', Jing Sun ',
Xijia Xu®'

'Department of Psychiatry, the Affiliated Brain Hospital of Nanjing Medical University, Nanjing Brain Hospital, Nanjing, People’s Republic of China; 2Department
of Medical Psychology, Nanjing Drum Tower Hospital, the Affiliated Hospital of Nanjing University Medical School, Nanjing, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Xijia Xu, Department of Psychiatry, the Affiliated Brain Hospital of Nanjing Medical University, Nanjing Brain Hospital, Nanjing,
People’s Republic of China, Tel +86-13739192705, Email xuxijia@c-nbh.com

Purpose: Acute and transient psychotic disorder (ATPD), a psychosis frequently diagnosed, can potentially evolve into chronic
conditions like schizophrenia (SCZ) and other mental disorders. This study aimed to develop a predictive model based on clinical data
to forecast the transition from ATPD to SCZ and to identify the predictive factors.

Methods: According to the diagnostic criteria issued by the International Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10), 396 inpatients diagnosed with ATPD were collected in this study. The Cox proportional-hazards
regression model was performed using demographic data, clinical characteristics, and inflammatory markers to identify independent
predictors for subsequent diagnostic transition (SDT) to SCZ.

Results: During the follow-up period, 43.69% (n = 173) of ATPD patients had their diagnoses revised to SCZ. The multivariate Cox
regression analysis identified post-treatment monocyte count, post-treatment monocyte/lymphocyte ratio (MLR), and the presence of
schizophreniform symptoms as significant predictors for the diagnostic revision. Time-dependent receiver operating characteristic
(TimeROC) analyses were developed. The AUC value at the 5-year follow-up was 0.728 for combined predictors, 0.702 for post-
treatment monocyte count, 0.764 for post-treatment MLR, and 0.535 for the presence of schizophreniform symptoms.

Conclusion: The combined predictors had good predictive ability for the diagnostic transition from acute and transient psychotic
disorder to schizophrenia.

Keywords: acute and transient psychotic disorder, Schizophrenia, inflammation, subsequent-diagnostic-transition, monocyte count,

monocyte—lymphocyte ratio

Introduction

The annual incidence of ATPD varies significantly, with rates ranging from 3.9 per 100,000 people in the UK to 9.6 in
Denmark.! The lifetime prevalence of Brief psychotic disorder (BPD) using the Diagnostic and Statistical Manual of
Mental Disorders 5th ed. as the diagnostic criteria was lower than 0.1% in China,” and nearly two thirds of patients with
ATPDs met the criteria for BPD.? ICD-10 endorses the concept of ATPD within the group of schizophrenia, schizotypal,
and delusional disorders, characterized by an acute onset and a remission within 1 to 3 months. DSM-5 defines BPD
based on the presence of at least four of the five core symptoms of schizophrenia, and the duration must be at least
one day but less than one month.* A Meta-analysis revealed that 25% of ATPD cases converted into schizophrenia (SCZ)
and related disorders within an average follow-up period of 6.3 years, and the risk factors associated with the elevated
risk and accelerated progression to SCZ included younger age at onset, male gender, premorbid impairment, longer
hospital admissions, first-rank symptoms, and family history.” Another meta-analysis found that 19% changed their
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diagnoses to SCZ spectrum psychoses on average follow-up of 47 months.® Lopez-Diaz et al found that the role of
premorbid adjustment and the presence of schizophreniform symptoms at the onset of psychosis were predictors of
transition to schizophrenia in patients with first-episode ATPD.” While Wang et al demonstrated that only olanzapine-
equivalent-Dosage of Antipsychotics at the End of the Hospitalization(DAEH) was significantly associated with the
subsequent diagnostic transition (SDT) to SCZ.®

Previous research highlighted the presence of persistent, low-grade inflammation in certain patients with SCZ.’
Several studies reported leukocyte abnormalities in SCZ patients, particularly in inflammatory ratios such as the
neutrophil/lymphocyte ratio (NLR), monocyte/lymphocyte ratio (MLR), and the ratio of neutrophilxplatelet/lymphocyte,
also known as the systemic immune inflammation index (SII).'® Blood cell counts are routine items of examination for
admitted patients and are reviewed after treatment. Hence, these biological markers are available for pre- and post-
treatment assessments. Previous studies primarily focused on baseline or pre-treatment levels of inflammatory markers,
with limited attention given to their post-treatment changes. Currently, the diagnostic stability of ATPD is relatively low,
and biomarkers for the SDT from ATPD to SCZ have not yet been explored. Our study aimed to fill this gap by
investigating pre-treatment and post-treatment inflammatory markers as predictors for the SDT from ATPD to SCZ.

In this retrospective study, we integrated a spectrum of inflammatory markers, demographic data, and clinical
characteristics to develop a predictive model using the Cox proportional-hazards regression model. This study was
designed to enhance early risk assessment for patients with ATPD at high risk of SDT to SCZ.

Material and Methods

Subjects

The retrospective study consisted of 396 patients with ATPD who were hospitalized at the Affiliated Brain Hospital of
Nanjing Medical University, Jiangsu, China, between January 2015 and December 2022. The inclusion criteria for patients
involved in this study were as follows: (1) Aged 1670 years; (2) Met the diagnostic criteria for ATPD as outlined in ICD-10;
and (3) Diagnosis was assessed and confirmed by two associate chief physicians or above. Exclusion criteria were as follows:
(1) organic mental disorders; (2) mental disorders due to psychoactive substances or non-addictive substances; (3) mood
disorders; (4) smoking; (5) history of autoimmune disorders, hematological diseases, tumors, viral hepatitis, or tuberculosis;
(6) with ongoing respiratory tract infection or urinary tract infection; and (7) use of oral anti-immune agents.

Clinical Features and Laboratory Results
The variables included sociodemographic factors, clinical characteristics, and inflammatory markers.

The Sociodemographic Characteristics of the Patients Included Age and Gender
The Clinical Characteristics of the Patients

The clinical characteristics of patients included a) length of hospital stay,(b) family history of psychosis, (c¢) the presence
of schizophreniform symptoms, (d) olanzapine-equivalent-DAEH. The length of hospital stay was measured in days from
admission to discharge, while the olanzapine-equivalent-DAEH was calculated based on the final antipsychotic regimen
at discharge.

The Inflammatory Markers Before and After Treatment

Inflammatory markers, including leukocyte count, neutrophil count, monocyte counts, lymphocyte count, and platelet
count, were collected both before and after treatment. Additionally, the neutrophil-to-lymphocyte ratio (NLR), monocyte-
to-lymphocyte ratio (MLR), and systemic immune-inflammation index (SII) were calculated before and after treatment.
All blood samples were analyzed in the hospital’s central laboratory following standardized procedures.

Clinical Follow-Up

The follow-up interviews were administered in December 2023, and the information on diagnostic transition from the
time of discharge to the follow-up period was collected through telephone follow-ups, review of patients’ outpatient
records, and examination of readmission medical records. This collection did not include early intervention programs.
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Statistical Analyses

The SPSS version 26 was used for multivariate Cox regression analysis. The Cox proportional-hazards regression model
is a statistical technique employed to analyze data pertaining to time-to-event variables, particularly in the presence of
censored cases where patients may not have experienced the outcome event by the end of the follow-up period. The
model allows for the assessment of multiple covariates simultaneously, providing a robust method to evaluate the impact
of various factors on the risk of SDT from ATPD to schizophrenia. The R Programming Language version 4.4.1 was used
for generating time-dependent receiver operating characteristic curves (timeROC), and for calculating the sample size.
For parameters with continuous data, normally distributed data were expressed as the mean =+ standard deviation (SD).
Count data were expressed as a rate (%). All statistical tests were two-sided, and a P value < 0.05 was considered
significant.

Results

We performed multivariate Cox regression analysis in a cohort of 396 patients who met the enrollment criteria. The
cohort consisted of 182 male (45.96%) and 214 female (54.04%) patients, with an age range of 16 to 69 years. The age at
onset was 31.76 £ 11.81 years, with an average of 30.36 + 10.90 years for male patients and 32.94+ 12.43 years for
female patients. These patients were followed up for a period ranging from 1 to 9 years after their initial treatment and
discharge. Of the total, 173 patients (43.69%) were diagnosed with SCZ, as indicated by the development and transition
of their symptoms. In addition, 92 patients (23.23%) were diagnosed with mood disorder, 113 patients (28.54%)
maintained their ATPD diagnosis, and 18 patients (4.55%) lost to follow-up (Table 1).

We performed a multivariate Cox regression model incorporating variables such as gender, age, length of hospital
stay, family history of psychosis, olanzapine-equivalent-DAEH, and the presence of schizophreniform symptoms.
Additionally, to avoid multicollinearity, we finally included six inflammatory markers as variables in the analysis: pre-
treatment leukocyte count, pre-treatment MLR, pre-treatment SII, post-treatment monocyte count, post-treatment NLR,
and post-treatment MLR. The result of the multivariate regression model was significant (y2 =48.643, P<0.001).

Table 2 shows the results of multivariate Cox regression analysis, identifying post-treatment monocyte count (HR
=4.540, HR 95% CI: 1.305-15.787,P=0.017), post-treatment MLR (HR =18.019, HR 95% CI: 1.569-206.908, P=0.020),
and the presence of schizophreniform symptoms (HR =2.127, HR 95% CI: 1.030-4.392,P=0.041), were significant
predictors for SDT from ATPD to SCZ.

The time-dependent ROC curves at the 5-year follow-up were constructed using combined predictors, the post-
treatment monocyte count, post-treatment MLR, and the presence of schizophreniform symptoms. The AUC value at the
5-year follow-up for combined predictors was 0.728 (95% CI: 0.636-0.821), for post-treatment monocyte count was
0.702 (95% CI: 0.604—0.800), for post-treatment MLR was 0.764 (95% CI: 0.686—0.843), for the presence of schizo-
phreniform symptoms was 0.535 (95% CI: 0.463-0.608). (Table 3 and Figure 1).

The optimum cut-off value of combined predictors was 0.961, with the Youden index, sensitivity and specificity of
combined predictors as 0.400, 0.497 and 0.903; The optimum cut-off value of post-treatment monocyte count was 0.470,
with the Youden index, sensitivity and specificity as 0.369, 0.567 and 0.802; The optimum cut-off value of post-treatment
MLR was 0.263, with the Youden index, sensitivity and specificity as 0.450, 0.569 and 0.881; The optimum cutoff value
of the presence of schizophreniform symptoms was 1, with the Youden index, sensitivity and specificity as 0.039, 0.950
and 0.089.(Table 3).

Table | Outcome of ATPD

Diagnostic Category | Number of Cases | Proportion
SCz 173 43.69%
ATPD 113 28.54%
Mood disorder 92 23.23%
Lost to follow-up 18 4.55%
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Table 2 Summary of Multivariate Cox Regression Analysis (n = 396)

Regression Standa-rd z value P value HR Value HR Value 95% CI
Coefficient Error
Age —-0.010 0.007 -1.317 0.188 0.991 0.977 ~ 1.005
Gender

Male - - - - - -

Female —0.021 0.160 —0.130 0.897 0.979 0.716 ~ 1.341
Length of hospital stay 0.004 0.010 0.429 0.668 1.004 0.985 ~ 1.023
Family history of psychosis

No - - - - - -

Yes —0.012 0.199 —0.063 0.950 0.988 0.668 ~ 1.460
The presence of schizophreniform symptoms

No - - - - - -

Yes 0.755 0.370 2.040 0.041* 2.127 1.030 ~ 4.392
Olanzapine-equivalent-DAEH (mg) 0.009 0.015 0611 0.541 1.009 0.981 ~ 1.038
Pre-treatment leukocyte count 0.035 0.037 0.953 0.341 1.036 0.963 ~ I.115
Pre-treatment MLR —0.098 0.278 —0.354 0.723 0.906 0.526 ~ 1.562
Pre-treatment SlI —0.000 0.000 —0.100 0.921 1.000 1.000 ~ 1.000
Post-treatment monocyte count 1.513 0.636 2.379 0.017* 4.540 1.305 ~ 15.787
Post-treatment NLR —-0.129 0.068 -1.897 0.058 0.879 0.770 ~ 1.004
Post-treatment MLR 2.891 1.245 2.322 0.020%* 18.019 1.569 ~ 206.908

Note: * P < 0.05.
Table 3 Results of 5-Year TimeROC Curves
Variables AUC | 95% CI Cut-off value | YI Sensitivity | Specificity
Combined predictors 0.728 | 0.636-0.821 | 0.96l 0.400 | 0.497 0.903
Post-treatment monocyte count 0.702 | 0.604-0.800 | 0.470 0.369 | 0.567 0.802
Post-treatment MLR 0.764 | 0.686—-0.843 | 0.263 0.450 | 0.569 0.881
The presence of schizophreniform symptoms | 0.535 | 0.463-0.608 | 1.000 0.039 | 0.950 0.089

These values indicated good predictive ability for the prognostic index of combined predictors, post-treatment

monocyte count, and post-treatment MLR. However, the presence of schizophreniform symptoms had a poorer

predictive ability.
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Figure | 5-Year Time-ROC curves.
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Using the pmsampsize package in R 4.4.1 software to calculate the sample size required for establishing
a multivariate prediction model with 3 candidate predictive parameters, it was assumed that the incidence rate of the
outcome was 46.7%,” and the AUC statistic of the prediction model was 0.728. Based on the preset parameters, it was
calculated that a minimum of 383 cases were needed. Our study included a total of 396 patients, ensuring the reliability
of the results.

Discussion

During the long-term follow-up, a considerable number of ATPD patients were diagnosed as schizophrenia.'' In this
study, we established a predictive model to predict the SDT from ATPD to SCZ. Although previous studies had
investigated the role of demographic and clinical factors in the transition, we developed survival analysis as
a predictive model for the transition for the first time, incorporating both pre-and post-treatment inflammatory markers
as analysis variables. Our study highlighted post-treatment monocyte count and post-treatment MLR as predictors of
SDT from ATPD to SCZ, emphasizing the role of innate immune cells and inflammatory markers in early SCZ
development. While a general association between inflammation and SCZ has been established, our study underscores
the importance of monitoring changes in immune markers after initial treatment, which has not been fully explored in the
literature.

Prior reports suggested a higher prevalence of ATPD in women,' which was consistent with our finding. The average
age of ATPD onset was 32 years across all the patients, with a slight variation between genders: 30 years for males and
33 years for females. According to previous studies, ATPD diagnosis rates began to climb in the early to mid-20s; for
females, the peak incidence occurred about a decade later." Factors such as gender, age, length of hospital stay, family
history of psychosis, the presence of schizophreniform symptoms, and olanzapine-equivalent-DAEH were not correlated
with the transition from ATPD to SCZ. These results were partially consistent with previous research,”* which may be
related to the size of the included sample. Our study found that the presence of schizophreniform symptoms was
a significant predictor for the SDT from ATPD to SCZ, but its predictive ability was poorer at the 5-year follow-up. Our
findings were not entirely consistent with previous results.” Therefore, future prospective studies are needed to further
validate these findings.

Our study revealed a notable association between post-treatment monocyte count and the SDT from ATPD to SCZ,
underscoring the role of the innate immune cells in the early stage of SCZ development. Monocytes are part of the
peripheral innate immune system, playing a critical role in the first-line defense against invading pathogens and in the
initiation and control of inflammatory responses.'> The brain contains several types of mononuclear cell-derived cells,
including perivascular cells, meningeal macrophages, choroid plexus macrophages and microglia.'> The accumulation of
monocytes and macrophages were found in the cerebrospinal fluid of patients with SCZ during acute psychotic
episodes.'* Postmortem examination revealed a specific increase in the numerical density of HLA-DR1 microglia in
the temporal and frontal cortex of chronic schizophrenics.'> A high monocyte count was considered a possible peripheral
marker of microglial activation in SCZ patients."

The count of circulating monocytes is an easily obtainable indirect marker of activation of the mononuclear
phagocyte system. A meta-analysis found that, compared to the control group, there was a significant increase in
monocytes in patients with first-episode psychosis.'® Another meta-analysis found that patients with SCZ and related
psychoses had a higher monocyte count than healthy controls."* A study comparing patients with SCZ to control groups
revealed that monocyte count and the ratio of monocyte to high-density lipoprotein were significantly higher in SCZ
patients.'” Gao et al conducted bidirectional two-sample Mendelian randomization analyses and found that SCZ was
associated with elevated levels of white blood cells (including neutrophils and monocytes).'® The trend was further
evidenced by the finding that neutrophils, monocytes, and C-reactive protein levels were increased in first-episode
psychosis(FEP) and SCZ patients vs controls at baseline."”

Research has indicated that psychosocial stressors partially contribute to the pathology of SCZ by promoting
neuroinflammation.?’ Chronic exposure to stressors leads to persistent low-grade inflammation. This condition is
characterized by an upsurge in monocyte production in the bone marrow, as well as elevated levels of monocytes in
the circulation, spleen, and brain. Moreover, the influx of monocytes into the brain is facilitated by increased
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permeability of the blood-brain barrier, a response triggered by chronic stress.?! Inflammation plays a pivotal role in the
structural brain alterations associated with neuropsychiatric disorders, primarily through the actions of microglia and
astrocytes. This process involves disordered synaptic pruning, significantly impacting the gray matter volume (GMV).*
WBC count was correlated with reductions in total brain volume and GMV.** Notably, Parker’ s research highlighted that
monocyte count had the most substantial genetic overlap with cortical brain structure, suggesting a shared genetic
foundation between cortical brain structure and blood immune markers.** The majority of previous studies concentrated
on baseline inflammatory markers, while a minority investigated the alterations in related inflammatory indicators
subsequent to treatment. Cui et al revealed a possible correlation between changes in the transcriptional profile of
monocytes and cortical thickness following treatment in patients with schizophrenia.”> A study using a rat model
demonstrated that clodronate-induced monocyte depletion in peripheral inflammation reduced both inflammatory med-
iator production and microglial activation.”® Such insights supported the hypothesis that the interplay among immunity,
brain activity, and behavior could be a key factor in the pathogenesis of SCZ.

WBC:s secrete a spectrum proinflammatory cytokines. The compromised blood-brain barrier (BBB) allows circulating
cytokines and leukocytes into the brain, leading to persistent neuroinflammation.”” Cytokines such as IL-1p, IL-6, IL-8,
and TNF-awere increased in SCZ patients.”®*° Meta-analyses consistently identified elevated levels of IL-6 and IL-8 in
patients with both acute and chronic SCZ spectrum disorders.* Notably, these cytokines were predominantly produced
by innate immune cells, including monocytes.'” Inflammatory mediators, such as IL-6 and IL-8, were intricately
associated with the pathogenesis and progression of psychiatric disorders.’’ Specifically, IL-6 was correlated with
brain volume changes in the middle temporal gyrus.*> These findings accentuated the potential significance of the
mononuclear phagocyte system in the pathology of psychotic disorders.

Inflammatory ratios such as NLR, MLR, and SII are gaining attention in research associated with SCZ. The elevated
inflammatory ratios in patients with schizophrenia suggested an imbalance in the immune system, particularly in innate
immunity.®* Two studies found that NLR and MLR were significantly higher in patients with SCZ compared with healthy
controls.**-** These findings were corroborated by another study, showing that WBC count, neutrophil count, monocyte
count, NLR, and MLR were all significantly higher in SCZ patients than in the control group.*® These findings confirmed
the hypothesis that elevated inflammatory markers were characteristic of SCZ, particularly in acute episodes. However,
our study did not observe a correlation between inflammatory biomarker levels before the treatment and the SDT from
ATPD to SCZ. This finding might reflect the complex nature of the inflammatory response, which was prevalent in the
acute phase of mood disorders and SCZ.

One possible mechanism of antipsychotics in treating psychosis was mitigating neuroinflammation, which was
supported by a previous study indicating a significant decrease in monocyte levels in patients with SCZ from the
baseline to 12 months following antipsychotic treatment.*® However, after 2 years of continuous antipsychotic treatment,
the NLR and MLR levels remained higher in patients with SCZ than healthy controls. Given that the inflammation
persisted after treatment in the acute stage, our finding supported the hypothesis that inflammation was a pathological
mechanism of chronic diseases such as SCZ. Inflammation is a fundamental part of the human body’s immune response
to infection and physiological injury. Acute inflammation is crucial for restoring cellular and tissue homeostasis after
a pathogenic or physical insult, and chronic inflammation is maladaptive and can result in gradual tissue damage,
potentially leading to disease development.®” Low-grade, persistent inflammation was present in a subgroup of SCZ
patients.” Regardless of whether patients with SCZ were in acute exacerbation or remission phase, the NLR, PLR, and
MLR in patients tended to be higher than those in healthy individuals.*® Our study highlighted post-treatment monocyte
count and post-treatment MLR as predictors of SDT from ATPD to SCZ, illustrating that inflammation was still present
in the remission phase of ATPD. This emphasized the role of persistent inflammation in early SCZ development. Our
study found that post-treatment NLR was not a predictor of the SDT from ATPD to SCZ, which was consistent with
a previous study. Kocak et al found that only MLR values were significantly higher in the schizophrenia remission group
than in the healthy controls group. Therefore, they suggested that MLR may be a trait marker for schizophrenia.*

Our study had several limitations that merit consideration. First, our study was retrospective and could not draw any
conclusions about the causal relationships between post-treatment inflammatory markers and the SDT from ATPD to
schizophrenia. Further prospective studies may better demonstrate their relationship. Secondly, although we controlled
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for some confounding factors, including smoking associated with elevated monocyte counts,*® we overlooked premorbid
adjustment, which was associated with schizophrenia.” These data need to be investigated in future prospective studies.
Thirdly, due to the inconsistent scales used by patients in the retrospective study, investigation of the correlation between
inflammatory markers and the severity of psychotic symptoms was not feasible. For instance, one study revealed a weak
to moderate positive correlation of NLR and MLR with the scores on the PANSS negative scale.*' Fourthly, some
outcomes were relied on telephone follow-ups and outpatient records, potentially introducing recall bias.

Conclusions
The combined predictors had good predictive ability for the diagnostic transition from acute and transient psychotic
disorder to schizophrenia.
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