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SUMMARY 

English 

 

Introduction 

Schizophrenia is a severe psychiatric disorder that affects approximately 0.5-1% of the 

population. It typically follows a chronic course characterized by multiple relapses, with 

up to 30% of patients experiencing treatment-resistant schizophrenia (TRS) and facing a 

reduced life expectancy. The causes of schizophrenia are complex and involve a 

combination of genetic and environmental risk factors, leading to various hypotheses 

about its origins. One prominent theory is the immune hypothesis, which suggests that 

immune system dysfunction plays a critical role in the disorder's etiopathophysiology. 

While numerous biomarkers have been investigated for their potential to indicate this 

dysfunction, the predictive value of cost-effective markers, such as white blood cell 

(WBC) counts, ratios, and C-reactive protein (CRP), has been largely understudied. 

Hypotheses: 

The main hypothesis of this thesis is that immune biomarkers, such as WBC counts, their 

ratios, and CRP levels, can predict clinical outcomes in patients with schizophrenia and 

other psychotic disorders across different phases of the illness, including treatment 

response, relapse, readmissions, and mortality. 

Objectives 

To investigate the previously stated hypotheses, five specific objectives are outlined, with 

nine articles addressing them. The first objective (Articles I and II) focuses on the early 

stages of the disease, evaluating the relationship between the neutrophil-to-lymphocyte 

ratio (NLR) and treatment response over three years in patients with a First Episode of 

Psychosis (FEP), and assessing whether WBC counts and ratios in stable patients after a 

First Episode of Schizophrenia (FES) can predict relapse. The second objective (Articles 

III and IV) examines acutely hospitalized patients with established psychotic disorders, 

exploring how WBC counts, ratios, and CRP levels can predict functional response, as 

measured by Global Assessment of Functioning (GAF) scores. The third objective 

(Article V) focuses on TRS, investigating whether WBC count ratios can predict response 

to clozapine initiation, assessed by Positive and Negative Syndrome Scale (PANSS) 
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scores. The fourth objective (Article VI) looks at long-term outcomes, exploring the 

association between WBC counts, ratios, and CRP levels in FEP patients, and their 

relationship to mortality, treatment response, and readmissions, using register-based 

proxies. The fifth objective (Articles VII, VIII, and IX) investigates the relationship 

between WBC count ratios and other immune markers in acutely hospitalized psychiatric 

patients, and examines how substance use (such as cannabis, opioids, or cocaine) impacts 

these markers. 

Methods: 

The nine articles included in this thesis encompass a variety of study designs, primarily 

focusing on longitudinal cohorts, both prospective and retrospective, while also 

incorporating cross-sectional studies. Data for these studies were drawn from three FEP 

multicentre cohorts in Spain: the PEPs cohort (Article I), the 2EPs cohort (Article II), 

and the FLAMM-PEPs cohort (Article VII). Additional data sources include registry 

databases from the Copenhagen Research Center for Mental Health in Denmark (Article 

VI), the outpatient clinic of the Barcelona Clinic Schizophrenia Unit (BCSU) in 

Barcelona, Spain (Article V), and the acute inpatient unit of the psychiatry department at 

Hospital Santa Maria in Lleida, Spain (Article III, IV, VIII, and IX). 

Results: 

In Article I, patients with a FEP who did not achieve remission by the end of the two-

year follow-up had significantly higher NLR values compared to those who did. Article 

II found that, among patients who had remitted after a FES, elevated monocyte and 

basophil counts increased the risk of relapse, with AUCs of 0.661 and 0.752, respectively, 

limiting their clinical relevance. In Article III, for patients experiencing an acute relapse 

of schizophrenia requiring hospitalization, higher leukocyte counts increased the risk for 

a non-functional response, while a higher platelet-to-lymphocyte ratio (PLR) showed a 

protective effect, with AUCs of 0.520 and 0.532, respectively. Additionally, elevated 

lymphocyte and platelet counts were protective against non-functional remission, with 

AUCs of 0.617 and 0.589, although these AUC values indicated a poor level of 

discrimination and insufficient predictive power for clinical application. Article IV 

linked NLR values upon admission to greater clinical improvement during hospitalization 

in patients with an acute episode of psychotic depression. In Article V, in patients with 

TRS, pre-treatment NLR and monocyte-to-lymphocyte ratio (MLR) values predicted 

improvements in PANSS-positive symptoms at 8 weeks of follow-up, with AUCs of 
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0.714 and 0.712, respectively. While these values reflect acceptable discrimination, they 

fall below the threshold for strong clinical utility. Article VI reported that, in patients 

with FES, higher CRP levels had the highest predictive value for mortality (AUC of 0.84), 

indicating significant clinical utility. Elevated leukocyte, neutrophil, monocyte, 

leukocyte-to-lymphocyte ratio (LLR), NLR, and MLR values were associated with 

treatment resistance, while higher platelet counts were linked to a reduced risk of 

psychiatric readmissions. Conversely, higher LLR was associated with an increased risk 

of readmissions. In Article VII, NLR values in FEP patients were moderately positively 

correlated with levels of the prostaglandin E2. Article VIII showed that in acute 

schizophrenia patients, CRP was significantly, though moderately, associated with NLR, 

while its associations with PLR and MLR were weaker, and no association was found 

with the basophil-to-lymphocyte ratio (BLR). Finally, Article IX reported that recent 

cannabinoid use was associated with significantly higher levels of neutrophils in 

individuals with psychotic disorders. In contrast, recent cocaine use was linked to 

eosinophilia, while opioid use was associated with significantly lower MLR, regardless 

of the primary psychiatric diagnosis. 

Conclusion 

WBC counts, their ratios, and CRP levels were associated with various outcomes across 

the course of schizophrenia, reflecting both protective and risk factors. Elevated CRP 

levels at FES were strongly associated with an increased risk of long-term mortality, 

demonstrating high discriminatory power and potential clinical applicability. Higher NLR 

and MLR levels prior to treatment were linked to better clinical responses when initiating 

clozapine in TRS, with moderate discriminatory accuracy; however, larger studies are 

required to validate their clinical utility. Other biomarkers and scenarios demonstrated 

poor discriminatory ability, indicating limited clinical relevance. 

 

Keywords (UNESCO Code) 

Psychiatry (321100) 

Immunology (241200) 

Psychopharmacology (320909) 

Mortality (520404).   
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Castellano 

Título 

Valor predictivo del recuento de leucocitos, sus ratios y la proteína C reactiva en los 

trastornos del espectro de la esquizofrenia 

Introducción 

La esquizofrenia es un trastorno psiquiátrico grave que afecta aproximadamente al 0.5-

1% de la población. Suele seguir un curso crónico caracterizado por múltiples recaídas, 

hasta el 30% de los pacientes experimentan resistencia al tratamiento (TRS) y conlleva 

una esperanza de vida reducida. Las causas de la esquizofrenia son complejas e 

involucran una combinación de factores de riesgo genéticos y ambientales, lo que da lugar 

a diversas hipótesis sobre su origen. La hipótesis inmune es una de ellas y sugiere que la 

disfunción del sistema inmune juega un papel crucial en la etiopatofisiología del 

trastorno. Aunque se han investigado numerosos biomarcadores para caracterizar dicha 

disfunción, el valor predictivo de marcadores rentables, como los recuentos de leucocitos, 

sus ratios y la proteína C reactiva (PCR), ha sido poco estudiado. 

Hipótesis 

La hipótesis principal de esta tesis es que los biomarcadores inmunológicos, como los 

recuentos de leucocitos, sus ratios y los niveles de PCR, pueden predecir los resultados 

clínicos en pacientes con esquizofrenia y otros trastornos psicóticos en diferentes fases 

de la enfermedad, incluyendo la respuesta al tratamiento, las recaídas, los reingresos y la 

mortalidad. 

Objetivos 

Para investigar las hipótesis previamente planteadas, se han establecido cinco objetivos 

específicos, con nueve artículos que los abordan. El primer objetivo (Artículos I y II) se 

centra en las primeras etapas de la enfermedad, evaluando la relación entre la ratio 

neutrófilos-linfocitos (NLR) y la respuesta al tratamiento a lo largo de tres años en 

pacientes con un Primer Episodio de Psicosis (PEP), y evaluando si los recuentos y 

proporciones de leucocitos en pacientes estables tras un primer episodio de esquizofrenia 

(FES) pueden predecir las recaídas. El segundo objetivo (Artículos III y IV) se enfoca 

en pacientes con trastornos psicóticos establecidos que requirieron una hospitalización 

aguda, y explora cómo los recuentos de leucocitos, las proporciones y los niveles de CRP 
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pueden predecir la respuesta funcional, medida mediante las puntuaciones de la 

Evaluación Global del Funcionamiento (GAF). El tercer objetivo (Artículo V) se centra 

en la TRS, investigando si las proporciones de recuento de leucocitos pueden predecir la 

respuesta a la iniciación de clozapina, evaluada mediante las puntuaciones de la Escala 

de Síndromes Positivos y Negativos (PANSS). El cuarto objetivo (Artículo VI) analiza 

los resultados a largo plazo, explorando la asociación entre los recuentos de leucocitos, 

las proporciones y los niveles de CRP en pacientes con FEP, y su relación con la 

mortalidad, la respuesta al tratamiento y las readmisiones, utilizando medidas basadas en 

registros. El quinto objetivo (Artículos VII, VIII y IX) investiga la relación entre las 

proporciones de recuento de leucocitos y otros marcadores inmunitarios en pacientes 

psiquiátricos hospitalizados, y examina cómo el consumo de sustancias (como cannabis, 

opioides o cocaína) afecta estos marcadores. 

Métodos 

Los nueve artículos incluidos en esta tesis abarcan una variedad de diseños de estudio, 

centrados principalmente en cohortes longitudinales, tanto prospectivas como 

retrospectivas, e incorporando también estudios transversales. Los datos de estos estudios 

provienen de tres cohortes multicéntricas de PEP en España: la cohorte PEPs (Artículo 

I), la cohorte 2EPs (Artículo II) y la cohorte FLAMM-PEPs (Artículo VII). Fuentes 

adicionales de datos incluyen bases de datos registrales de Dinamarca (Artículo VI), la 

consulta externa de la Barcelona Clínic Schizophrenia Unit (BCSU) en Barcelona, España 

(Artículo V), y la unidad de hospitalización de agudos del departamento de psiquiatría 

del Hospital Santa María en Lleida, España (Artículos III, IV, VIII y IX). 

Resultados 

En el Artículo I, los pacientes con PEP que no alcanzaron la remisión al final de los dos 

años de seguimiento tuvieron valores significativamente más altos de NLR en 

comparación con aquellos que sí lo lograron. El Artículo II encontró que, entre los 

pacientes que habían remitido tras un primer episodio de esquizofrenia, los recuentos 

elevados de monocitos y basófilos aumentaron el riesgo de recaída, con AUC de 0.661 y 

0.752, respectivamente, lo que limita su relevancia clínica. En el Artículo III, para los 

pacientes que experimentaron una recaída aguda de esquizofrenia que requirieron 

hospitalización, los recuentos elevados de leucocitos se asociaron con una mala respuesta 

funcional, mientras que una mayor ratio plaqueta-linfocito (PLR) se asoció con un efecto 
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protector, con AUC de 0.520 y 0.532, respectivamente. Además, los recuentos elevados 

de linfocitos y plaquetas fueron protectores contra la remisión no funcional, con AUC de 

0.617 y 0.589, aunque estos valores de AUC indicaron un nivel de discriminación pobre 

y un poder predictivo insuficiente para la aplicación clínica. El Artículo IV vinculó los 

valores altos de NLR al ingreso con una mayor mejoría clínica durante la hospitalización 

en pacientes con un episodio agudo de depresión psicótica. En el Artículo V, en pacientes 

con TRS, los valores pretratamiento de NLR y la ratio monocito-linfocito (MLR) 

predijeron mejorías en los síntomas positivos de la PANSS a las 8 semanas de 

seguimiento, con AUC de 0.714 y 0.712, respectivamente. Aunque estos valores reflejan 

una discriminación aceptable, están por debajo del umbral para una utilidad clínica. El 

Artículo VI informó que, en pacientes con PEE, los niveles elevados de PCR tuvieron el 

mayor valor predictivo para la mortalidad (AUC de 0.84), lo que indica una utilidad 

clínica significativa. Los valores elevados de leucocitos, neutrófilos, monocitos, ratio 

leucocito-linfocito (LLR), NLR y MLR se asociaron con resistencia al tratamiento, 

mientras que los valores elevados de plaquetas se vincularon con un menor riesgo de 

reingresos psiquiátricos. En cambio, los valores elevados de LLR se asociaron con un 

mayor riesgo de reingresos. En el Artículo VII, los valores de NLR en pacientes con PEP 

estuvieron moderadamente correlacionados positivamente con los niveles de 

prostaglandina E2. El Artículo VIII mostró que, en pacientes con esquizofrenia aguda, 

la PCR se asoció significativamente, aunque moderadamente, con NLR, mientras que sus 

asociaciones con PLR y MLR fueron más débiles, y no se encontró ninguna asociación 

con la ratio basófilo-linfocito (BLR). Finalmente, el Artículo IX mostró que el uso 

reciente de cannabinoides se asoció con niveles significativamente más altos de 

neutrófilos en individuos con trastornos psicóticos. En cambio, el uso reciente de cocaína 

se vinculó con eosinofilia, mientras que el uso de opiáceos se asoció con una disminución 

significativa del MLR, independientemente del diagnóstico psiquiátrico primario. 

Conclusión 

Los recuentos de leucocitos, sus proporciones y los niveles de PCR estuvieron asociados 

con diversos resultados a lo largo del curso de la esquizofrenia, reflejando tanto factores 

protectores como de riesgo. Los niveles elevados de PCR en el primer episodio de 

esquizofrenia estuvieron fuertemente asociados con un mayor riesgo de mortalidad a 

largo plazo, demostrando un alto poder discriminatorio y una posible aplicabilidad 

clínica. Los niveles más altos de NLR y MLR antes del tratamiento estuvieron 
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relacionados con mejores respuestas clínicas al iniciar clozapina en la TRS, con una 

precisión discriminatoria moderada; sin embargo, se requieren estudios más grandes para 

validar su utilidad clínica. Otros biomarcadores y escenarios mostraron una baja 

capacidad discriminatoria, lo que indica una relevancia clínica limitada. 

 

Palabras clave (Código UNESCO) 

Psiquiatría (321100) 

Inmunología (241200) 

Psicofarmacología (320909) 

Mortalidad (520404).   
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Català 

Títol 

Valor predictiu del recompte de leucòcits, les seves ràtios i la proteïna C reactiva en els 

trastorns de l'espectre de l'esquizofrènia   

Introducció 

L'esquizofrènia és un trastorn psiquiàtric greu que afecta aproximadament entre el 0,5% 

i l’1% de la població. Sol seguir un curs crònic caracteritzat per múltiples recaigudes; fins 

al 30% dels pacients experimenten resistència al tractament (TRS) i comporta una 

reducció de l’esperança de vida. Les causes de l'esquizofrènia són complexes i impliquen 

una combinació de factors de risc genètics i ambientals, fet que dona lloc a diverses 

hipòtesis sobre el seu origen. Una d'aquestes hipòtesis és la immunitària, que suggereix 

que la disfunció del sistema immunitari juga un paper crucial en l’etiopatogènesi del 

trastorn. Tot i que s'han investigat nombrosos biomarcadors per caracteritzar aquesta 

disfunció, el valor predictiu de marcadors assequibles, com els recomptes de leucòcits, 

les seves ràtios i la proteïna C reactiva (PCR), ha estat poc estudiat.   

Hipòtesi 

La hipòtesi principal d’aquesta tesi és que els biomarcadors immunològics, com els 

recomptes de leucòcits, les seves ràtios i els nivells de PCR, poden predir els resultats 

clínics en pacients amb esquizofrènia i altres trastorns psicòtics en diferents fases de la 

malaltia, incloent-hi la resposta al tractament, les recaigudes, els reingressos i la 

mortalitat.   

Objectius  

Per investigar les hipòtesis prèviament plantejades, s’han establert cinc objectius 

específics, abordats en nou articles. El primer objectiu (Articles I i II) se centra en les 

etapes primerenques de la malaltia, avaluant la relació entre la ràtio neutròfils-limfòcits 

(NLR) i la resposta al tractament al llarg de tres anys en pacients amb un Primer Episodi 

de Psicosi (PEP), i examinant si els recomptes i ràtio de leucòcits en pacients estables 

després d'un primer episodi d’esquizofrènia poden predir les recaigudes. El segon objectiu 

(Articles III i IV) es focalitza en pacients amb trastorns psicòtics establerts que han 



SUMMARY 

18 

 

requerit hospitalització aguda, i explora com els recomptes de leucòcits, les ràtio i els 

nivells de PCR poden predir la resposta funcional, mesurada mitjançant les puntuacions 

de l’Avaluació Global del Funcionament (GAF). El tercer objectiu (Article V) se centra 

en la TRS, investigant si les proporcions de recompte de leucòcits poden predir la resposta 

a la iniciació de clozapina, avaluada mitjançant les puntuacions de l’Escala de Síndromes 

Positius i Negatius (PANSS). El quart objectiu (Article VI) analitza els resultats a llarg 

termini, explorant l'associació entre els recomptes de leucòcits, les ràtio i els nivells de 

PCR en pacients amb PEP, i la seva relació amb la mortalitat, la resposta al tractament i 

les reingressos, utilitzant dades basades en registres. El cinquè objectiu (Articles VII, 

VIII i IX) investiga la relació entre les proporcions de recompte de leucòcits i altres 

marcadors immunitaris en pacients psiquiàtrics hospitalitzats, i examina com el consum 

de substàncies (com el cànnabis, els opiacis o la cocaïna) afecta aquests marcadors.   

Mètodes 

Els nou articles inclosos en aquesta tesi abasten una varietat de dissenys d’estudi, 

principalment de cohorts longitudinals, tant prospectives com retrospectives, i també 

estudis transversals. Les dades d’aquests estudis provenen de tres cohorts multicèntriques 

de PEP a Espanya: la cohort PEPs (Article I), la cohort 2EPs (Article II) i la cohort 

FLAMM-PEPs (Article VII). Altres fonts de dades inclouen bases de dades registrals de 

Dinamarca (Article VI), la consulta externa de la Barcelona Clínic Schizophrenia Unit 

(BCSU) a Barcelona, Espanya (Article V), i la unitat d'hospitalització d'aguts del 

departament de psiquiatria de l'Hospital Santa Maria a Lleida, Espanya (Articles III, IV, 

VIII i IX).   

Resultats 

A l'Article I, els pacients amb PEP que no van assolir la remissió al final dels dos anys 

de seguiment tenien valors significativament més alts de NLR en comparació amb aquells 

que sí que ho van aconseguir. L’Article II va trobar que, entre els pacients que havien 

assolit la remissió després d’un primer episodi d’esquizofrènia, els recomptes elevats de 

monòcits i basòfils augmentaven el risc de recaiguda, amb AUC de 0.661 i 0.752, 

respectivament, limitant la seva rellevància clínica. A l'Article III, els pacients que van 

experimentar una recaiguda aguda d’esquizofrènia que va requerir hospitalització, 

presentaven recomptes elevats de leucòcits associats a una mala resposta funcional, 
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mentre que una ràtio plaqueta-limfòcit (PLR) més alta es va associar amb un efecte 

protector (AUC de 0.520 i 0.532). L'Article IV va vincular els valors alts de NLR en 

l’ingrés amb una millor millora clínica durant l'hospitalització en pacients amb un episodi 

agut de depressió psicòtica. L'Article V va mostrar que, en pacients amb TRS, els valors 

pretractament de NLR i la ràtio monòcit-limfòcit (MLR) van predir millores en els 

símptomes positius de la PANSS a les 8 setmanes de seguiment, amb AUC de 0.714 i 

0.712. L'Article VI va indicar que, en pacients amb PEP, els nivells elevats de PCR tenien 

el major valor predictiu per a la mortalitat (AUC de 0.84). L'Article VII va mostrar una 

correlació moderada entre els valors de NLR i els nivells de prostaglandina E2. L'Article 

VIII va indicar que la PCR es va associar significativament amb NLR, però menys amb 

PLR i MLR. L'Article IX va mostrar que el consum recent de cannabinoides es va 

associar amb nivells més alts de neutròfils en individus amb trastorns psicòtics, mentre 

que el consum de cocaïna es va relacionar amb eosinofília i el consum d’opiacis amb una 

disminució del MLR.   

Conclusió 

Els recomptes de leucòcits, les seves ràtio i els nivells de PCR es van associar amb 

diversos resultats al llarg del curs de l’esquizofrènia, reflectint factors tant protectors com 

de risc. Els nivells elevats de PCR en el primer episodi d’esquizofrènia es van associar 

fortament amb un major risc de mortalitat a llarg termini, demostrant un alt poder 

discriminatori i una possible aplicabilitat clínica. Altres biomarcadors i escenaris van 

mostrar una baixa capacitat discriminatòria, la qual cosa indica una rellevància clínica 

limitada.   

 

Paraules clau (Codi UNESCO) 

Psiquiatria (321100) 

Immunologia (241200) 

Psicofarmacologia (320909) 

Mortalitat (520404). 
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1. INTRODUCTION 

1.1. Schizophrenia, a brief overview 

Schizophrenia is one of the most severe psychiatric disorders, with profound impacts on 

those affected. Recovery is often incomplete, and even those who improve face ongoing 

challenges such as social isolation, stigma, and limited relationship opportunities. 

Unemployment rates in Europe for individuals with schizophrenia are alarmingly high, 

between 70% and 90% (1). Additionally, life expectancy for people with schizophrenia is 

reduced by 13 to 15 years due to somatic comorbidities (2,3), and the suicide rate stands 

at approximately 5% to 10% (4). Consequently, schizophrenia is ranked among the top 

15 causes of disability worldwide (5). 

a. Epidemiology 

The lifetime prevalence of schizophrenia is estimated to be around 0.5-1% of the global 

population (6), with slightly higher rates in the male population and in urban areas (7). It 

typically appears in late adolescence or early adulthood, with men often experiencing 

symptoms earlier than women (8). The disorder is seen across all cultures and 

socioeconomic groups, although factors like poverty and social adversity may increase 

risk (9). 

b. Clinical features and diagnosis 

schizophrenia presents with a mix of positive, negative, and cognitive symptoms. Positive 

symptoms include hallucinations, delusions, and disorganized thinking, while negative 

symptoms involve reduced emotional expression, social withdrawal, and lack of 

motivation. Cognitive impairments affect memory, attention, and executive function. The 

DSM-5 diagnosis requires at least two of the following: delusions, hallucinations, 

disorganized speech, disorganized or catatonic behaviour, and negative symptoms, with 

significant impairment in functioning. Symptoms must persist for at least six months, 

with active-phase symptoms for at least one month, or less if successfully treated (10). 

c. Course and outcomes 

schizophrenia is considered to begin before the first diagnosis, often marked by 

prodromic symptoms that gradually evolve into a psychotic episode, known as the First 

Episode of Psychosis (FEP). In about one-third of patients, these initial symptoms persist, 
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leading to a diagnosis of schizophrenia (11). The disorder usually follows a chronic, 

fluctuating course, with periods of exacerbation and remission (Figure 1). Unfortunately, 

over 80% of patients experience a relapse within the first five years of diagnosis, which 

can lead to worsening symptoms, cognitive decline, and a significant reduction in quality 

of life (12).  

Both remission and relapse are defined based on clinical symptoms. The Remission in 

Schizophrenia Working Group (RSWG) defines remission as requiring mild severity 

(score of 3 or lower) in 8 specific items of the Positive and Negative Symptoms Scale 

(PANSS), with a minimum duration of 6 months during which these symptoms must be 

maintained (13). While various definitions of relapse have been used, including hospital 

admissions as a proxy for relapse in research, a recent evidence-based definition suggests 

that relapse is indicated by an increase of 12 or more points in the PANSS total score or 

a worsening of specific positive and disorganization symptoms (14).  

 

Figure 1. Clinical course of schizophrenia. 

Multiple relapses characterize the illness course for most patients with schizophrenia. 

Pharmacological management focuses on controlling acute psychotic episodes and preventing 

relapses, but challenges often arise due to adverse effects and non-adherence. Despite advances 

in treatment, up to 30% of patients experience treatment-resistant schizophrenia (TRS), requiring 

more intensive therapeutic strategies. When compared to the general population, schizophrenia is 

associated with a reduced lifespan. Abbreviation: Clinical Global Impression-Severity (CGI-S). 

 

While conventional treatment helps many individuals achieve partial or full remission, 

up to 30% continue to struggle with persistent symptoms, a condition known as 

Treatment-Resistant schizophrenia (TRS) (15,16), which requires a specialized 
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management approach (17). Long-term outcomes for individuals with schizophrenia 

often involve more severe functional decline than their peers, along with ongoing 

difficulties in social integration, employment, and independent living. Additionally, those 

with schizophrenia face a reduced life expectancy of 13 to 15 years, largely due to 

comorbid physical conditions and a heightened risk of suicide (2,18). 

d. Causes 

The causes of schizophrenia are intricate and involve a mix of genetic and environmental 

risk factors, along with their interactions (19,20). Most risk factors for the disease, such 

as a family history of mental illness, often reflect both genetic predispositions and 

environmental influences. Consequently, attempts to distinguish between these two types 

of factors may be spurious (21). 

Several theories attempt to explain the origins of the disorder. The dopaminergic 

hypothesis suggests that schizophrenia arises from dysregulation in dopamine pathways 

(22). Specifically, hyperactivity in the mesolimbic pathway is associated with positive 

symptoms like hallucinations and delusions, while hypoactivity in the mesocortical 

pathway contributes to negative symptoms and cognitive deficits. Complementing this, 

the glutamatergic hypothesis posits that dysfunction in glutamate signalling, particularly 

through NMDA receptors hypofunction, disrupts neural circuits involved in cognition, 

emotion, and perception (23). Additionally, the immune hypothesis suggests that chronic 

inflammation may play a role in the onset and progression of schizophrenia (24), a topic 

that will be explored further in the next section. 

These theories have collectively refined the original synaptic hypothesis of schizophrenia, 

first proposed by Irwin Feinberg in 1982, which suggested that faulty synaptic elimination 

during adolescence could be a causal factor (25). The updated version of this hypothesis 

proposes that a combination of genetic and environmental factors makes synapses more 

vulnerable to damage from glial cells, especially under stress, leading to disruptions in 

brain function that contribute to both cognitive and negative symptoms of schizophrenia, 

as well as increased dopamine activity linked to psychosis (26). 

In addition to neurochemical abnormalities, schizophrenia is associated with structural 

and functional brain alterations. Neuroimaging studies have consistently shown 

abnormalities such as enlarged ventricles, reduced gray matter volume, and altered 
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connectivity in key brain regions, including the prefrontal cortex, hippocampus, and 

thalamus (27). These brain changes are believed to be linked to neurodevelopmental 

disruptions that occur early in life, possibly during prenatal or early postnatal 

development, with microglia and astrocytes being implicated (28). Environmental factors, 

such as prenatal infections, malnutrition, and stress, may interact with genetic 

predispositions to disrupt normal brain development, setting the stage for the later onset 

of schizophrenia. 

Genetic factors play a significant role in the development of schizophrenia. The most 

recent genome-wide association study (GWAS) has identified over 287 loci associated 

with an increased risk of the disorder (29). These loci include both common variants with 

small effect sizes and rare variants with higher penetrance. Genomic research indicates 

that risk alleles are involved in various functions, including immune response, and there 

is an enrichment of common variant associations in genes related to neuronal function 

(30). In particular, gene sets linked to synaptic structure and function are highlighted 

(Figure 2), suggesting that schizophrenia may primarily be a disorder of neuronal, and 

particularly synaptic activity with widespread effects on multiple brain regions and 

functions.  

Environmental factors are also relevant in the risk of developing schizophrenia. Key 

postnatal risks include urban living, migration, childhood trauma, and cannabis use (31). 

Immigrants, particularly those from disadvantaged backgrounds, often experience higher 

rates of schizophrenia, likely due to stress from reduced social status, while city living is 

associated with increased risk due to heightened psychosocial stress. Childhood trauma, 

such as abuse and parental loss, is a significant risk factor, and cannabis use, especially 

high-potency strains, is linked to a dose-dependent increase in risk (32). Prenatal factors, 

although more challenging to study, also contribute to schizophrenia risk. Advanced 

parental age, particularly paternal, is associated with higher risk, and the season of birth, 

along with prenatal exposure to infections like influenza and Toxoplasma gondii, has 

shown some correlation (33). Additionally, prenatal exposure to famine is a well-

supported risk factor, as indicated by historical studies (34). 
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Figure 2. Sunburst plots showing where significant risk genes are located in the synapse.  

The plots start with the synapse in the centre. The first ring shows pre- and postsynaptic locations, and each 

outer ring breaks these down into more specific categories. The number of genes in each category is 

represented by the colours shown in the legend. Adapted from Trubetskoy et al. (29) . 

 

e. Treatment 

Treatment for schizophrenia involves a combination of pharmacological and psychosocial 

approaches. The pharmacological management typically includes antipsychotic 

medications to control acute psychotic episodes and prevent relapses (35). After 

stabilization, long-term maintenance therapy is necessary to help sustain this stability. 

There are two main classes of antipsychotic drugs: first-generation (FGAs) and second-

generation (SGAs). SGAs are generally preferred due to their lower risk of adverse 

effects, such as extrapyramidal symptoms, tardive dyskinesia, and relapses (36). 

However, managing schizophrenia with medication is challenging due to prevalent 

nonadherence, which significantly increases the risk of relapse and poor outcomes (37). 

To address this, long-acting injectable (LAI) versions of antipsychotics are widely used 

to improve adherence and reduce these risks (36).  
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Despite these efforts, up to 30% of patients have TRS and do not respond adequately to 

conventional antipsychotics (15,16). Several hypotheses for the neurobiological 

mechanisms underlying TRS include dopamine super sensitivity, glutamate and serotonin 

dysregulation, and immunity, highlighting the biological and clinical heterogeneity of 

TRS (38). For these individuals, clozapine is the only approved medication, and 

additional strategies like Electroconvulsive Therapy (ECT) have shown effectiveness 

(17). Alongside pharmacological treatments, psychosocial interventions, including 

cognitive-behavioral therapy, cognitive remediation therapy, social skills training, and 

supported employment, play a crucial role in enhancing patients' functioning and quality 

of life (39). 

1.2. The immune system, a brief overview 

The immune system is a complex network of cells, tissues, and organs that work in 

concert to safeguard the body from harmful invaders and maintain overall health. The 

immune system is generally divided into two main components: innate immunity and 

adaptive immunity (Figure 3) (40). 

Innate immunity serves as the body's first line of defense. It is non-specific and responds 

rapidly to a broad range of pathogens. Key players in innate immunity include physical 

barriers like the skin and mucous membranes, as well as immune cells that recognize and 

attack pathogens using mechanisms that do not require prior exposure to the invaders. 

Adaptive immunity provides a more targeted and specific response to pathogens. This 

component of the immune system is activated when innate defenses are insufficient. It 

involves specialized immune cells and also has a memory component, allowing the 

immune system to respond more effectively upon subsequent exposures to the same 

pathogen. 

In addition to defending against infections, the immune system also plays critical roles in 

non-infectious contexts (41). It recognizes and neutralizes harmful substances from the 

environment, such as toxins and allergens, to prevent potential harm. Moreover, it is 

involved in detecting and combating abnormal cells, such as cancer cells, which may arise 

within the body.  

The functionality of the immune system can be assessed through various biomarkers, each 

revealing different aspects of immune activity (42). This thesis focuses on white blood 
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cells and C-Reactive Protein due to their high accessibility in clinical practice. While we 

acknowledge the limitations in specificity of these biomarkers, which may hinder the 

study of unique immune pathways, their routine use provides significant potential for 

clinical application. These markers offer valuable insights into immune function and 

inflammation and can be easily integrated into everyday healthcare practices. 

Figure 3. Components of the immune system.  

Innate immunity consists of granulocytes (such as basophils, eosinophils, and neutrophils), mast cells, 

dendritic cells, macrophages, and natural killer (NK) cells. On the other hand, adaptive immunity involves 

T and B cells, which can further subdivide into specific subclasses. The intersectional (purple) cells connect 

the two systems, originating from T cell lineage but functioning in a way characteristic of the innate immune 

system. Adapted from Dranoff et al. (43) using Upscayl. 

 

a. White blood cell counts 

White blood cell (WBC) counts, or leukocytes, are essential components of the immune 

system, responsible for defending the body against infections, foreign invaders, and 

harmful substances. A WBC count measures the total number of these cells in the 

bloodstream, with normal levels ranging from 4,000 to 11,000 cells per microliter. WBCs 

are involved in  the two key branches of the immune system: innate and adaptive 

immunity (Figure 3) (40). 

Innate immunity involves several types of WBCs, including neutrophils, monocytes, 

eosinophils, and basophils, which quickly respond to infections and inflammation. In 
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contrast primarily relies on lymphocytes, such as B cells and T cells, to recognize and 

remember specific pathogens, produce antibodies, and mount a stronger defense upon re-

exposure. 

The five primary types of WBCs each play distinct roles: 

- Neutrophils: The most abundant WBC, crucial to innate immunity, rapidly 

respond to and destroy pathogens. 

- Lymphocytes: Key players in adaptive immunity, including B cells, which 

produce antibodies, and T cells, which directly attack infected cells. 

- Monocytes: Differentiate into macrophages and dendritic cells to engulf 

pathogens and present antigens to lymphocytes, bridging innate and adaptive 

immunity. 

- Eosinophils: Combat parasitic infections and are involved in allergic reactions. 

- Basophils: Participate in allergic responses and inflammation by releasing 

histamine to combat invaders. 

Furthermore, WBC counts provide key insights into immune function beyond overt 

inflammation, often reflecting subtle immune activity or "low-grade inflammation" (44). 

This refers to a persistent, mild activation of the immune system that can occur without 

obvious signs of infection or acute inflammation. WBC counts, particularly in specific 

cell types like neutrophils, lymphocytes, and monocytes, can indicate underlying immune 

system regulation, stress responses, or early signs of immune system dysregulation. This 

low-grade immune activation is linked to a variety of conditions, including metabolic 

disorders and chronic diseases, where immune activity plays a role in long-term health 

outcomes without manifesting as acute inflammation (45). 

In clinical practice, WBC counts serve as a valuable marker of immune function and 

inflammation. A complete blood count (CBC) with differential is commonly used to 

measure WBC levels and provide a detailed breakdown of the different WBC types in 

circulation, helping to assess the body’s immune response. 

b. WBC ratios 

WBC ratios provide an alternative measure of immune function by comparing the levels 

of various types of white blood cells. These ratios help detect imbalances between innate 

immunity (represented by neutrophil, monocyte, eosinophil, or basophil counts) and 
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adaptive immunity (represented by lymphocyte counts) and have been proposed as a way 

to measure the body's response to stress (46). Commonly studied ratios include: 

- Neutrophil-to-lymphocyte ratio (NLR) 

- Monocyte-to-lymphocyte ratio (MLR) 

- Eosinophil-to-lymphocyte ratio (ELR) 

- Basophil-to-lymphocyte ratio (BLR) 

- Platelet-to-lymphocyte ratio (PLR) 

- Leukocyte-to-lymphocyte ratio (LLR) 

 

Among these, the NLR is the most extensively studied (46). This ratio reflects two key 

aspects of the immune system: neutrophils, which are part of the innate immune response, 

and lymphocytes, which are involved in adaptive immunity. An increase in the NLR is 

often seen as a response to various stresses, such as infections, inflammation, or 

psychosocial stress. These stresses activate endogenous cortisol and catecholamines, 

leading to an increase in leukocytes, including neutrophils, and a decrease in lymphocytes 

(47). This imbalance results in an elevated NLR, as represented by the following equation: 

↑ 𝑁𝐿𝑅 =  
↑ 𝑁𝑒𝑢𝑡𝑟𝑜𝑝ℎ𝑖𝑙 𝑐𝑜𝑢𝑛𝑡

↓ 𝐿𝑖𝑚𝑝ℎ𝑜𝑐𝑦𝑡𝑒 𝑐𝑜𝑢𝑛𝑡
 

Although there is ongoing debate about the appropriate cut-off value for NLR, it has been 

identified as an independent prognostic factor for morbidity and mortality in the general 

population (48) and in several diseases (49–52). Its advantages include being a cost-

effective and easily obtainable biomarker. However, factors such as age, cardiovascular 

comorbidities, and exogenous steroid use can falsely elevate the NLR, so these should be 

considered when interpreting the results (53). 

Lastly, although platelets are not white blood cells, they play a role in inflammation and 

interact with immune cells, influencing immune responses. Including platelets in these 

ratios provides a broader perspective on the inflammatory and immune environment, 

which is why they are often incorporated into these measures. 

c. C-Reactive Protein 

C-reactive protein (CRP) is a peripheral biomarker of inflammation, produced by the liver 

as part of the innate immune response. In response to inflammatory signals such as 

cytokines like interleukin (IL) 6, CRP helps recognize and eliminate pathogens by 

activating the complement system (54) (see Figure 4). Beyond its immune defence role, 
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CRP is also involved in tissue repair, reflecting the body’s healing efforts even when 

inflammation is not readily apparent (55). 

 

Figure 4: Functional CRP pathways 

In response to cytokines like IL-6 and IL-1β, the liver significantly increases its production of CRP. Once 

in circulation, CRP binds to bacteria and dying cells, promoting their removal through the complement 

system and FcγR-mediated phagocytosis. The binding of CRP may also trigger phagocytic cells to release 

immunoregulatory cytokines such as IL-10. Growing evidence suggests that when plasma CRP deposits on 

inflamed tissues, it breaks into biologically active monomeric units, which are believed to have various 

proinflammatory effects. Abbreviations: CRP, C-reactive protein; LPC, lysophosphatidylcholine. Adapted 

from Rhodes et al. (54) 

 

One of CRP’s key advantages is its broad applicability as a non-specific marker of 

inflammation (55). Although it does not provide a specific diagnosis, CRP offers a general 

indication of the body’s inflammatory status, making it useful for identifying individuals 

at risk for various conditions. Its low cost, ease of measurement, and quick response to 

inflammatory stimuli make CRP a practical biomarker for routine health assessments and 

disease management. 

Elevated CRP levels are strongly associated with cardiovascular and metabolic disorders, 

signalling chronic inflammation that contributes to conditions like atherosclerosis, 

obesity, and type 2 diabetes. Lifestyle factors such as smoking and chronic stress can 

further raise CRP levels, indicating ongoing low-grade inflammation. 

In the general population, CRP serves as a useful marker for predicting health risks. High 

CRP levels are linked to an increased risk of chronic diseases, including heart disease, 
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diabetes, and certain cancers, as well as higher mortality (56). In conditions like cancer, 

infections, and cardiovascular diseases, elevated CRP can also signal a poorer prognosis 

(57–60) . 

CRP lab values are reported in either mg/dL or mg/L, depending on the context. In clinical 

practice, particularly when assessing acute inflammation caused by bacterial or viral 

infections, trauma, or autoimmune conditions, CRP levels are typically expressed in 

mg/dL. Common cut-off values include: less than 0.3 mg/dL as normal, 0.3 to 1.0 mg/dL 

as mildly elevated, 1.0 to 10.0 mg/dL as moderately elevated, more than 10.0 mg/dL as 

markedly elevated, and more than 50.0 mg/dL as severely elevated (55). For cardiac risk 

assessment, the U.S. Centers for Disease Control and Prevention (CDC) and the American 

Heart Association (AHA) categorize CRP levels (reported in mg/L) as follows: less than 

1 mg/L for low systemic inflammation, 1 to 2.9 mg/L for intermediate inflammation, 3 to 

10 mg/L for high inflammation, and more than 10 mg/L for acute inflammation (61). This 

thesis will use the CDC/AHA guidelines, as schizophrenia is not primarily associated with 

acute inflammation. 
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1.3. The immune hypothesis in schizophrenia 

 

Over the past few decades, the immune system has attracted increasing attention as a 

potential factor in the development of schizophrenia (62). Evidence from 

epidemiological, genetic, and biological research has led to the immune hypothesis, 

which suggests that immune system dysfunction plays a central role in the 

pathophysiology of schizophrenia. However, the connection between immunity and 

schizophrenia has been considered since the early days of the disorder's definition. 

a. An historical perspective 

In 1919, Emil Kraepelin coined the term "dementia praecox," later known as 

schizophrenia (63), suggesting it was hereditary and linked to brain self-poisoning (64). 

In the late 19th and early 20th centuries, neurosyphilis caused significant psychosis, 

contributing to a large proportion of psychiatric admissions (65). During this period, 

Austrian physician Julius Wagner-Jauregg used malaria fever therapy to treat it until 

penicillin became available after World War II (66). 

After the 1918 influenza pandemic, researchers began exploring the link between 

infections and psychosis (67). However, in the mid-20th century, the dopamine hypothesis 

emerged (68)., and by the 1980s, the neurodevelopmental model suggested that altered 

brain development could contribute to schizophrenia. In the 1970s, interest in the 

connection between viral infections and schizophrenia resurfaced, with studies linking 

maternal infections, such as influenza, as well as factors like winter births and urban 

living, to an increased risk of developing the disorder (69–71). 

The idea of schizophrenia as an autoimmune disorder emerged in the 1980s (72), with 

subsequent evidence showing that autoimmune diseases increase the risk of developing 

schizophrenia (73). However, schizophrenia is not currently considered an autoimmune 

disease due to the lack of consistent autoantibodies (74). The 2007 discovery of anti-

NMDA receptor encephalitis, an autoimmune condition that mimics psychosis, 

emphasized the importance of distinguishing autoimmune causes of psychosis, requiring 

immunotherapy (75,76). 

 



1. INTRODUCTION 

32 

 

b. The epidemiological evidence 

As previously noted, population-based epidemiological studies have been crucial in 

developing hypotheses about the immune theory of schizophrenia (77). Meta-analyses 

suggest that autoimmune diseases might act as risk factors for psychotic disorders, with 

several conditions positively linked to schizophrenia, though the strength and direction 

of these associations can vary by diagnosis. For instance, having a non-neurological 

autoimmune disease increases the risk of a psychotic disorder by 43%, including 

conditions such as celiac disease, autoimmune thyrotoxicosis, psoriasis, and pernicious 

anaemia (78). In contrast, rheumatoid arthritis and ankylosing spondylitis are negatively 

associated with schizophrenia. For autoimmune diseases affecting the nervous system, 

there is a 48% increased risk of schizophrenia, with multiple sclerosis identified as a risk 

factor, while Guillain-Barré syndrome is not (79). Additionally, schizophrenia patients 

have a 55% higher risk of developing autoimmune disorders compared to the general 

population, suggesting a potential bidirectional relationship (78). 

schizophrenia is also linked to a higher prevalence of infections, including neurotropic 

viruses from the Herpesviridae family and the parasite Toxoplasma gondii (80). 

Longitudinal meta-analyses indicate that exposure to infections both during fetal 

development and in childhood is linked to an increased risk of developing schizophrenia 

in adulthood, although the strength of these associations varies (81,82). Additionally, a 

dose-response relationship has also been observed between childhood hospitalizations for 

serious infections and the risk of adult schizophrenia, with notable synergy between 

autoimmune diseases and infections, suggesting that the combined effect on 

schizophrenia risk is greater than expected under an additive model (Figure 5) (83). 

Despite these findings suggesting potential causal links, there is significant variability in 

pathogen types, affected body systems, infection timing, and severity, leading to no 

consensus on which specific infections contribute to later mental health issues. 

Furthermore, large-scale studies suggest that schizophrenia may also increase the risk of 

infections later in life, indicating a possible bidirectional relationship (83,84). 

Overall, while the epidemiological evidence strongly supports a role for immunity in 

psychotic disorders, the underlying mechanisms remain to be fully established, 

underscoring the need for further research in this area. 
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Figure 5: Incidence rate ratios of schizophrenia associated with prior diagnosis of  autoimmune 

disease and infections. Adapted from Benros et al. (83). 

c. The genetic evidence 

Before genome sequencing, genetics relied heavily on twin studies to understand disease 

heritability, estimating schizophrenia’s heritability at around 85% (85). A significant 

advance in the field came in 2014 from the schizophrenia Working Group of the 

Psychiatric Genomics Consortium, which analysed the DNA of nearly 37,000 

schizophrenia patients and over 110,000 controls (86). This genome-wide association 

study (GWAS) identified 108 genetic loci linked to schizophrenia, with one of the 

strongest associations found at the locus encoding the major histocompatibility complex 

(MHC), or human leukocyte antigens (HLAs) (Figure 6). This finding supports the 

immune hypothesis, suggesting that the immune system may play a role in schizophrenia. 

Furthermore, a 2022 study by the same consortium replicated these findings in a much 

larger sample, reinforcing the association (29). Overall, these genetic studies indicate that 

schizophrenia is closely related to synapse biology and neurodevelopment (87). 

As outlined in section 1.1.c, genetic findings have been linked to the synapse hypothesis 

of schizophrenia (26), which suggests that the disease is caused by excessive loss of 

neuronal connections, with a significant role for immune processes. A landmark study by 

Sekar et al. (88) identified complement component 4 (C4) genes within the MHC locus 

as potential drivers of genetic risk for schizophrenia. The complement system, which 
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helps mark cells for elimination and promotes inflammation, has been shown to be 

overactive in certain brain regions of individuals with schizophrenia (89). This 

overactivity is linked to microglial phagocytosis (90), which may lead to excessive 

synaptic pruning—a key feature of schizophrenia identified by Feinberg in 1982 (25). In 

cell models, increased C4A gene expression and TNF-α were associated with excessive 

pruning, which could be mitigated by pretreatment with minocycline, a drug that reduces 

inflammation (91). The updated synapsis hypothesis suggests that this abnormal 

complement-mediated pruning contributes to reduced brain volumes, cortical thinning, 

and cognitive symptoms in schizophrenia (26). However, not all patients have the harmful 

C4 gene variants, indicating that complement dysregulation may be more related to 

disease progression than initial cause (92). 

 

 

Figure 6. Manhattan plot of schizophrenia GWAS associations.  

The x-axis represents chromosomal positions, and the y-axis shows the significance of association 

(−log₁₀(P)). The red line indicates the genome-wide significance threshold (5 × 10⁻⁸). Single nucleotide 

polymorphisms (SNPs) in green are in linkage disequilibrium (LD; r² > 0.1) with index SNPs (represented 

by diamonds), which indicate LD-independent, genome-wide significant associations. The red arrow marks 

the major histocompatibility complex (MHC) region, one of the strongest genetic loci associated with 

schizophrenia. Adapted from Trubetskoy et al. (29) 
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d. The blood-based biomarkers evidence 

Individuals with schizophrenia exhibit altered peripheral biomarkers linked to 

dysregulated immune pathways and inflammatory mediators. This imbalance between 

pro- and anti-inflammatory mechanisms increases pro-inflammatory components, such 

as NFκB, iNOS, COX-2, and PGE2 1, while reducing anti-inflammatory factors, 

including IκBα, 15dPGJ2, and PPARγ, ultimately activating oxidative and nitrosative 

stress, as indicated by TBARS (93,94). Recent meta-analyses highlight that these changes 

vary by specific biomarker and disease stage (95,96). 

Regarding peripheral immune proteins, concentrations of IL-1β, IL-1 receptor antagonist, 

soluble IL-2 receptor, IL-6, IL-8, IL-10, tumor necrosis factor (TNF)-α, and CRP are 

consistently elevated in both acute and chronic schizophrenia compared to healthy 

controls (HC). In contrast, IL-2 and interferon (IFN)-γ are significantly elevated in acute 

schizophrenia, while IL-4, IL-12, and IFN-γ are significantly decreased in chronic 

schizophrenia (95). See Table 1 for the effect sizes of each protein reported as 

standardized mean differences (SMD) at each stage. 

Patients with schizophrenia have shown elevated levels of leukocytes, neutrophils, 

monocytes, and B lymphocytes in their circulating immune cells. Additionally, the NLR, 

MLR, and PLR are consistently increased (96). A recent GWAS study also identified 

shared genetic loci between schizophrenia and white blood cell counts, particularly 

lymphocytes, suggesting a genetic basis for systemic immune abnormalities (97). Table 

2 presents the effect sizes for WBC counts and ratios, reported as SMD. While immune 

protein research has been more extensively studied, fewer studies have focused on 

immune cells, and stage-specific data remain lacking, so these values are reported 

generally for schizophrenia. 

 

 

 
1 In blood, the protein expression levels of proinflammatory and anti-inflammatory mediators reflect 

dysregulated immune responses (188). The proinflammatory pathway includes components such as nuclear 

factor kappa B (NFκB), inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and 

prostaglandin E2 (PGE2). In contrast, the anti-inflammatory pathway involves factors like inhibitor of κB 

alpha (IκBα) and 15-deoxy-Δ12,14-prostaglandin J2 (15dPGJ2). Additionally, oxidative and nitrosative 

stress is indicated by elevated levels of thiobarbituric acid reactive substances (TBARS). 
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Table 1. Standardized mean differences in peripheral immune proteins between schizophrenia 

patients and health controls by disease stage. 

 Acute SCZ vs HC 

SMD (95% CI)        p-value 

Chronic SCZ vs HC 

SMD (95% CI)        p-value 

Acute SCZ vs Chronic SCZ 

SMD (95% CI)        p-value 

Consistent alteration patterns 

IL-1β 0.39 (0.17 to 0.61) <0.001* 0.53 (0.18 to 0.87) <0.001* -0.13 (-0.53 to 0.26) 0.102 

IL-1RA 0.48 (0.16 to 0.80) 0.002* 0.52 (0.03 to 1.00) 0.008* -0.04 (-0.62 to 0.54) 0.305 

sIL-2R 0.65 (0.44 to 0.87) <0.001* 0.35 (0.08 to 0.62) 0.001* 0.30 (-0.04 to 0.065) 0.148 

IL-6 0.79 (0.67 to 0.91) <0.001* 0.50 (0.36 to 0.64) 0.001* 0.29 (0.11 to 0.47) 0.001* 

IL-8 0.27 (0.13 to 0.42) 0.004* 0.25 (0.08 to 0.43) 0.005* 0.02 (-0.20 to 0.24) 0.438 

IL-10 0.18 (0.03 to 0.33) 0.002* 0.33 (0.15 to 0.51) <0.001* -0.15 (-0.38 to 0.08) 0.129 

TNF-α 0.59 (0.41 to 0.97) <0.001* 0.53 (0.34 to 0.72) <0.001* 0.06 (-0.19 to 0.31) 0.311 

CRP 0.69 (0.41 to 0.97) <0.001* 0.61 (0.30 to 0.92) <0.001* 0.08 (-0.33 to 0.49) 0.279 

Inconsistent alteration patterns 

IL-2 0.48 (0.17 to 0.79) 0.001* 0.26 (-0.15 to 0.67) 0.206 0.22 (-0.28 to 0.72) 0.430 

IL-4 0.15 (0.00 to 0.29) 0.603 -0.88 (-1.13 to -0.64) <0.001* 1.03 (0.76 to 1.31) <0.001* 

IL-12 0.13 (-0.03 to 0.29) 0.317 -0.43 (-0.64 to -0.22) <0.001* 0.56 (0.31 to 0.82) 0.001* 

IFN-γ 0.28 (0.13 to 0.42) 0.001* -0.32 (-0.52 to -0.12) <0.001* 0.60 (0.35 to 0.84) <0.001* 

Proteins are analysed for statistical significance and effect size direction, comparing acute and chronic 

schizophrenia with HC. Markers with similar results in both comparisons are labelled as consistent, while 

those with differing results are labelled as inconsistent. Adapted from Halstead et al (95). Abbreviations: 

HC: health controls; SCZ: schizophrenia SMD: standardized mean difference; I²: heterogeneity (values of 

25%, 50%, and 75% correspond to low, moderate, and high heterogeneity, respectively); * denotes a 

statistically significant difference; TNF-α: tumor necrosis factor-α; IFN-γ: interferon-γ; CRP: c-reactive 

protein. 

 

Table 2. Standardized mean differences in white blood cell counts and ratios between patients 

with schizophrenia and HC. 

 SCZ vs HC 

SMD (95% CI) 

p-value I2 

WBC counts    

  - Leukocytes 0.35 (0.24 to 0.46) <0.001* 73% 

  - Neutrophils 0.32 (0.11 to 0.54) <0.001* 92% 

  - Monocytes 0.40 (0.23 to 0.58) <0.001* 84% 

  - Basophils -0.02 (-0.29 to 0.25) 0.88 71% 

  - Eosinophils -0.14 (-0.39 to 0.11) 0.26 71% 

  - Lymphocytes 0.01 (-0.10 to 0.11) 0.88 67% 

  - Lymphocytes T 0.14 (-0.08 to 0.35) 0.21 49% 

  - Lymphocytes B 0.26 (0.04 to 0.48) 0.020* 36% 

WBC ratios    

  - NLR 0.40 (0.19 to 0.60) <0.001* 91% 

  - MLR 0.31 (0.04 to 0.57) 0.022* 88% 

  - PLR 0.23 (0.03 to 0.43) 0.021* 63% 

Adapted from Clausen et al (96). Abbreviations: WBC: white blood cells; SCZ: schizophrenia; SMD: 

standardized mean difference; I²: heterogeneity (values of 25%, 50%, and 75% correspond to low, 

moderate, and high heterogeneity, respectively); * denotes a statistically significant difference; NLR: 

neutrophil-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio. 
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As discussed earlier, alterations in various biomarkers have been observed in patients with 

schizophrenia. However, most of these biomarkers are costly and not suitable for routine 

clinical use. In contrast, WBC counts, their ratios, and CRP are highly accessible and 

practical for clinical application. Therefore, this thesis will focus on these biomarkers. 

The relationship between WBC ratios and the different components of the inflammatory 

cascade in patients with psychosis remains unclear. Specifically, it is uncertain whether 

alterations in WBC ratios represent a primary feature of the psychotic disorder itself, or 

if they are influenced by treatment, metabolic changes, or specific immune pathways 

(Karageorgiou et al., 2019). Additionally, several key factors such as age, obesity, 

infections, diabetes, and emotional stress can cause a "false" increase in WBC ratios 

(Buonacera et al., 2022). To explore this issue, in Article VII, we analyse the relationship 

between NLR and a panel of inflammatory and oxidative/nitrosative stress biomarkers, 

along with potential confounding factors, in a well-characterized cohort of 97 patients 

with FEP and 77 matched HC. 

As previously mentioned, CRP is a biomarker of innate immune response, while WBC 

ratios reflect the balance between innate and adaptive immune pathways. However, it is 

still uncertain whether CRP levels are associated with WBC ratios in patients with 

schizophrenia, and if so, which specific ratio. In Article VIII, we explore this connection 

in greater detail in a cohort of 698 patients with acute schizophrenia. 

Finally, approximately 40% of patients with schizophrenia also have a substance use 

disorder (SUD).  Although the mechanisms by which these substances affect 

schizophrenia are not fully understood, they may involve modulation of the immune 

response, exerting either anti-inflammatory or pro-inflammatory effects depending on the 

substance and population studied (Tanasescu & Constantinescu, 2010; Bidwell et al., 

2018; Zaparte et al., 2019; Henshaw et al., 2021). Nevertheless, the exclusion of patients 

with SUD or sporadic substance use from immunopsychiatry studies leaves a critical gap 

in the literature. To address this, in Article IX, we investigate the differences in WBC 

counts, their ratios, and CRP levels between 972 psychiatric inpatients, including those 

with psychotic disorders, who tested positive for cannabinoids, opioids, or cocaine, and 

those who tested negative. 
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In addition to the cross-sectional alterations in various biomarkers observed when 

comparing schizophrenia patients with HC, researchers have also explored the role of 

these biomarkers in predicting outcomes, particularly treatment response and mortality.  

Treatment response 

Various scenarios have been studied in relation to treatment outcomes in schizophrenia. 

Some studies have explored the predictive value of immunological biomarkers during the 

FEP for treatment outcomes in the following years. Elevated immune markers during FEP, 

including WBC counts, ratios, and CRP, have been associated with poorer treatment 

response at follow-up (98–103). However, inconsistencies between studies persist, and 

no specific biomarker pattern has been conclusively identified (104). To address these 

questions, in Article I we investigated NLR differences between a well-characterized 

cohort of 310 FEP patients and 215 health controls over a two-year follow-up. 

When looking at the response to antipsychotics in acute schizophrenia patients, the 

predictive ability of immunological biomarkers on has been poorly investigated, with few 

studies focusing on this as a primary outcome. A recent review by Orbe and Benros 

highlights several limitations in current research, including underpowered sample sizes 

and the investigation of antipsychotics as a drug group (105). The largest study to date, 

which included 2,598 patients, examined the association between immunological 

biomarkers and acute clinical outcomes in schizophrenia, finding that higher leukocyte 

counts predicted poorer responses to antipsychotics, as measured by the PANSS total 

scores (106). However, specific WBC counts, ratios of CRP and particular antipsychotic 

treatments were not studied. To address these gaps, in Article III we conducted a 

retrospective study exploring the relationship between WBC counts, their ratios, and CRP 

levels at hospitalization and functional outcomes in a cohort of 354 patients with acute 

schizophrenia. 

Researchers have also investigated patients with TRS, focusing on the association 

between immune cells and clinical response upon initiating clozapine, with mixed results. 

Two earlier studies reported contradictory findings regarding the ability of baseline 

leukocyte and neutrophil counts to predict the response to clozapine (107,108). In 

contrast, a more recent study by Jones et al. analysed the largest cohort to date, comprising 

397 patients, and found that individuals with high-normal neutrophil counts were more 

likely to respond to clozapine over a longer-term period, as measured by the Clinical 
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Global Impression (CGI) scale (109). Additionally, using data from the United Kingdom's 

psychosis early intervention services, Osimo et al. developed a machine learning model 

to forecast the 8-year likelihood of clozapine use starting from FEP. This model integrated 

various analytical parameters, including WBC counts, achieving an area under the curve 

(AUC) of approximately 0.67 and highlighting the significant impact of lymphocytes on 

predictive ability (101). However, the influence of WBC ratios as an alternative measure 

of the imbalance between immune pathways has not yet been explored in this population. 

To address these questions, we conducted two studies. In Article V, we performed a 

longitudinal study of 32 patients with TRS who initiated clozapine, examining the 

associations between WBC ratios before treatment initiation and the clinical response at 

8 weeks. In Article IV, we conducted a longitudinal population-based register study 

including 6,845 patients with measurements of WBC counts, their ratios, and CRP during 

their first episode of schizophrenia. We followed them for up to 22 years, investigating 

associations with clozapine or ECT use during the follow-up period. 

Mortality  

Literature has demonstrated the predictive ability of WBC counts, ratios, and CRP for 

mortality in the general population (48,110–113)  and in various medical conditions (114–

116). 

Given the known increased risk of premature mortality in schizophrenia patients 

compared to the general population —primarily due to cardiovascular causes (18)— 

researchers have investigated immune biomarkers to predict this mortality. A previous 

study using population-based data from Denmark found that higher CRP levels at the first 

diagnosis of schizophrenia are associated with increased mortality, particularly among 

individuals with somatic comorbidities (117). The researchers also included leukocyte 

counts but found no significant associations. However, specific WBC counts have not 

been thoroughly studied in schizophrenia, and the predictive ability of WBC counts and 

ratios has not been directly compared to that of CRP. To address these questions, in 

Article IV we conducted a longitudinal population-based register study including 6,845 

patients with measurements of WBC counts, their ratios, and CRP during their first 

episode of schizophrenia. We followed them for up to 22 years and examined associations 

with all-cause mortality during follow-up. 
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e. The central nervous system evidence 

While peripheral biomarkers are valuable for studying the immune hypothesis in 

schizophrenia due to the ease of sample collection, it is essential to examine alterations 

in the central CNS, as schizophrenia is primarily a brain-related disorder (118). Although 

there are fewer CNS-focused studies compared to peripheral investigations, recent 

advances have enhanced our understanding of immune dysfunction in schizophrenia. In 

this context, observations of altered cytokine levels and glial cell activity in the CNS have 

suggested a link between neuroinflammation and schizophrenia (119,120). However, this 

perspective often overlooks the non-inflammatory roles of cytokines and glial cells, such 

as their involvement in neural plasticity, immune regulation, and brain homeostasis (121).  

In our group, we argue that significant misinterpretations exist, particularly regarding the 

use of the term "neuroinflammation" in the context of schizophrenia, as these changes do 

not fully align with the four classical criteria for neuroinflammation (122)—namely, 

increased cytokines, activated microglia, T-cell recruitment, and neurodegenerative tissue 

damage. Below, we provide a brief overview of the key areas relevant to the immune 

hypothesis in schizophrenia within the CNS. 

Cytokines 

Meta-analyses have shown elevated levels of pro-inflammatory cytokines IL-6 and IL-8 

in the cerebrospinal fluid (CSF) of patients with psychotic disorders compared to HC, 

with medium effect sizes (SMD: ~0.5) (123,124). Earlier studies also reported increased 

IL-1β, though recent research has not consistently replicated these findings (125). 

However, the actual magnitude of cytokine elevations in schizophrenia is modest, far 

below levels seen in classical neuroinflammatory conditions like traumatic brain injury 

or bacterial meningitis. For instance, the average CSF IL-6 level in schizophrenia is 

around 2.82 pg/mL (123), which falls below the established normal cut-off of 7.5 pg/mL 

(126), remaining below the clinical threshold for concern. 

Peripheral Cell Infiltration 

Neuroinflammation in schizophrenia may involve the infiltration of peripheral immune 

cells into the brain, often considered harmful. Postmortem studies have reported increased 

densities of CD3⁺ T lymphocytes and CD20⁺ B lymphocytes in schizophrenia patients’ 

brains, though results are inconsistent and based on small samples (127–129). A larger 



1. INTRODUCTION 

41 

 

study (40 patients) failed to replicate earlier findings, complicating efforts to draw 

definitive conclusions (130). Similarly, macrophage infiltration (CD163⁺) does not show 

consistent increases in schizophrenia, though it may be present in patients with additional 

immune biomarkers (131,132).  

Studies on CSF immune cells composition from living schizophrenia patients show trends 

toward higher white cell counts, but the differences are small and often not statistically 

significant (96,124,133). Regarding the actual magnitude of the reported increase, the 

combined mean value of CSF white cell count in patients with schizophrenia was 1.96 

(±3.77), and only 3.1-3.6% of the patients showed values higher than the established 

normal range (>5 cells x 10^6/L) (124).  

Microglia 

Microglia activation, the main immune cells of the CNS, are frequently emphasized in 

discussions of neuroinflammation in schizophrenia. Inferring schizophrenia risk genes 

from known genetic risk variants primarily indicate neuronal cell types while there is no 

significant enrichment in microglia cells or in peripheral immune cells (29,134). This is 

in stark contrast to a prototypic neuroinflammatory disease such as e.g., multiple sclerosis 

(135). Contrary to initial expectations of heightened microglial activity, positron emission 

tomography (PET) studies using the 18-kDa translocator protein (TSPO)—a 

mitochondrial marker highly expressed in activated microglia—have revealed reduced 

TSPO levels in schizophrenia (136–138). This finding has led to the hypothesis that 

microglial maturation may be altered in schizophrenia, with more microglia remaining in 

a synaptic housekeeping state (139). However, the lack of specificity of TSPO, which 

also binds to astrocytes and endothelial cells, complicates these interpretations (140). 

More specific tracers are needed to investigate this hypothesis further. 

Postmortem studies provide mixed evidence regarding microglial changes in 

schizophrenia. While some show increased microglial density and activation markers, 

recent meta-analyses suggest a shift in microglial phenotypes without a change in overall 

density (141). Variations in microglial function across different brain regions have also 

been reported, and emerging research highlights the diversity of microglial states beyond 

the traditional "resting" versus "activated" dichotomy. Notably, microglia can exhibit 

activated profiles even in the absence of inflammation, particularly during early brain 

development (142). Transcriptome data from schizophrenia patients further complicates 
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the picture, showing unchanged or downregulated microglial genes but upregulation of 

astrocyte genes, aligning with PET findings (143,144). 

Astrocytes 

Astrocytes, once thought to solely support neurons, are now recognized for their active 

roles in regulating synaptic neurotransmission, producing neurotrophic factors such as 

Brain Derived Neurotrophic Factor (BDNF) and contributing to neurovascular coupling 

to maintain the blood-brain barrier (145). Recent postmortem studies indicate a shift in 

focus from microglia to astrocytes in understanding immune dysfunction in 

schizophrenia; specifically, astrocytic gene expression appears to be upregulated, while 

microglial profiles may be downregulated (146). The authors suggest a potential 

connection between these findings, proposing that reduced markers of microglial 

activation in schizophrenia—observed in earlier PET studies—could result from 

excessive release of tumor growth factor-β by astrocytes. This release may reduce 

microglial activation and proinflammatory cytokine production, ultimately leading to 

increased synaptic elimination. 

Neurodegenerative tissue damage 

Neurodegeneration, characterized by the progressive loss of neuron structure and 

function, has long been associated with schizophrenia, initially described as "dementia 

praecox" over a century ago (147). However, contemporary understanding has shifted, 

recognizing schizophrenia more as a neurodevelopmental disorder (87). Meta-analyses 

indicate that common neurodegenerative markers, such as tauopathy and amyloid 

pathology, are not associated with schizophrenia (148,149), and studies show no 

significant differences in CSF S100β levels between schizophrenia patients and health 

controls (123). Furthermore, while lower Neurofilament Light (NfL) levels in 

schizophrenia have been reported, this remains controversial (150). Evidence suggests 

that neurodevelopmental factors, such as excessive dendritic and synaptic loss rather than 

primary neuron death, play a more significant role in schizophrenia pathology (26). 

Post-mortem studies show lower synaptophysin levels, indicating reduced synaptic 

density in key brain regions of schizophrenia patients (151). Additionally, research 

involving induced pluripotent stem cells from schizophrenia patients shows compromised 

synaptic formation and increased synapse elimination (26). Neuroimaging studies reveal 

reductions in grey matter volume and cortical thickness in schizophrenia, particularly in 
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fronto-temporal areas, which are linked to synaptic and dendritic changes rather than 

neuronal death (27). This implies that neurodevelopmental predispositions, rather than 

classic neurodegenerative processes, underlie the dysfunction observed in schizophrenia, 

challenging the notion of using "neurodegeneration" as a basis for neuroinflammation in 

this context. 

Blood-Cerebrospinal Fluid Barrier (BCB) 2 

Dysfunction of the blood-cerebrospinal fluid barrier (BCB) has been suggested in 

schizophrenia, supported by meta-analytic evidence of modest increases in the albumin 

CSF/serum ratio (Qalb) (SMD ~ 0.4-0.55) and CSF total protein levels (SMD ~ 0.3) (124). 

However, these increases are mild and fall below clinical thresholds for concern, 

suggesting that any BCB disruption in schizophrenia is relatively minor compared to 

classical neuroinflammatory disorders. The mean Qalb in schizophrenia patients was 5.53, 

well below the clinically significant cut-off of 9, indicating an intact barrier. Similarly, 

the mean CSF total protein level was 37.8 mg/dL, below the normal cut-off of 50-60 

mg/dL (152). Finally, abnormal BCB integrity biomarkers are present in only a minority 

of schizophrenia patients (3-23%, depending on the parameter), and these abnormalities 

do not consistently correlate with symptom severity (153). 

In summary, immune system alterations in the CNS are evident in schizophrenia 

compared to HC, but whether to label these changes as neuroinflammation is debated. 

Many findings, despite being upregulated, remain within clinically normal ranges and 

may not indicate neuroinflammation. Instead, they likely reflect neuroimmune 

mechanisms crucial to neurodevelopment, consistent with schizophrenia pathology 

involving exaggerated synaptic pruning (154). Therefore, we propose the term "altered 

neuroimmune activity" for schizophrenia instead of "neuroinflammation," though the 

debate remains unresolved. 

 
2 The blood-brain barrier (BBB) consists of endothelial cells with tight junctions, supported by pericytes 

and astrocytes, and is found throughout the brain. In contrast, the blood-CSF barrier (BCB) is formed by 

epithelial cells in the choroid plexus and subarachnoid space. These structural differences affect how 

substances pass through each barrier. 

In recent decades, the CSF-to-serum albumin ratio (Qalb) has been widely, but incorrectly, used to assess 

BBB integrity, even though albumin is produced only in the liver. CSF is primarily produced in the choroid 

plexus, circulates around the brain and spinal cord, and only contacts the BBB in perivascular spaces. Since 

CSF from these spaces doesn’t reach the lumbar region, an elevated Qalb in lumbar CSF likely does not 

indicate BBB damage. Instead, Qalb reflects BCB integrity, though factors like CSF flow and production 

are also relevant. For a deeper review, see Yakimov et al.(189). 
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f. The intervention evidence 

The true test of the immune hypothesis in schizophrenia lies in assessing the effectiveness 

of treatments with known immune-modulating properties. Since the 2000s, several 

clinical trials have explored the efficacy of add-on anti-inflammatory agents in this 

population. A recent meta-analysis showed that drugs with primary or pleiotropic anti-

inflammatory effects, when used alongside antipsychotic treatments, significantly 

reduced the severity of psychopathological symptoms compared to placebos, although 

the improvement was modest but statistically significant (SMD: -0.29) (Figure 7) (155). 

However, no advantage was observed for drugs that were exclusively anti-inflammatory, 

raising questions about the underlying mechanism of the observed effect. Additionally, a 

meta-regression analysis revealed that effect sizes for total psychopathology scores 

significantly decreased as the sample sizes in the studies increased, suggesting that 

smaller studies may have overestimated treatment effects. 

Although several previous meta-analyses have examined the impact of such add-on 

treatments (156–160), none have explored whether baseline immune biomarkers can 

predict treatment outcomes. This is an important area for future research, as it could pave 

the way for the clinical use of immune-modulatory treatments (161). 
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Figure 7. Mean difference in PANSS total psychopathology score for anti-inflammatory add-on RCTs. 

Adapted from Jeppesen et al. (155) using Upscayl.
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2. HYPOTHESES  

Main Hypothesis: 

Immune biomarkers, including WBC counts, their ratios, and CRP, can predict 

clinical outcomes in patients with schizophrenia and other psychotic disorders across 

different phases of the illness.  

 

Secondary Hypotheses: 

Hypothesis 1: In patients in the early phases of schizophrenia, immune biomarkers 

can predict treatment response and the risk of relapse. 

Hypothesis 2: In acutely hospitalized patients with psychotic disorders, immune 

biomarkers can predict functional outcomes. 

Hypothesis 3: In patients with TRS, immune biomarkers can predict the response to 

the initiation of clozapine treatment. 

Hypothesis 4: In patients experiencing a FES, immune biomarkers are associated 

with long-term outcomes, including treatment response, readmissions, and mortality. 

Hypothesis 5: WBC counts, ratios are associated with specific immune pathways in 

psychotic disorders and are influenced by substance use.
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3. OBJECTIVES 

General Objective: 

Investigate the role of immune biomarkers, including WBC counts, their ratios, 

and CRP, in predicting clinical outcomes in patients with schizophrenia and other 

psychotic disorders. 

 

Specific Objectives: 

Objective 1: To evaluate the relationship between the NLR and treatment response 

over three years in patients with a first episode of psychosis (FEP), and to assess whether 

WBC counts and ratios in stable patients after a first episode of schizophrenia (FES) can 

predict relapse. (Articles I and II) 

Objective 2: Examine how WBC counts, ratios, and CRP levels can predict functional 

outcomes in acutely hospitalized patients with psychotic disorders, including 

schizophrenia and psychotic depression. (Article III and IV) 

Objective 3: Study whether WBC count ratios can predict the response to the 

initiation of clozapine treatment in patients with TRS (Article V) 

Objective 4: Evaluate how WBC counts, ratios, and PCR levels in patients with a 

FES are associated with long-term outcomes, including mortality, treatment response, and 

readmissions. (Article VI) 

Objective 5: To determine the relationship between WBC count ratios and other 

immune markers in acutely hospitalized psychiatric patients, and to examine how 

substance use (such as cannabis, opioids, or cocaine) impacts these markers. (Articles 

VII, VIII, and IX)
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5. DISCUSSION 

5.1. The rationale of the samples included in the thesis 

This thesis is based on research involving patients with schizophrenia from various 

locations where I have had the opportunity to work, including single-centre, multi-centre, 

and population-based samples in Spain and Denmark.  The nine articles included 

encompass a range of study designs, primarily focusing on clinical longitudinal cohorts, 

both prospective and retrospective, while also incorporating cross-sectional studies (see 

Table 3). In total, this thesis includes a total of 8,826 primary individuals (FEP: 310; FES: 

6,956; schizophrenia: 730; other psychiatric diagnoses: 615; health controls: 215). 

The main hypothesis of this thesis was that immune biomarkers, including WBC counts, 

their ratios, and CRP, can predict clinical outcomes in patients with schizophrenia and 

other psychotic disorders. To test this hypothesis, I conducted a series of studies that 

examined the relationships between these immune biomarkers and various clinical 

outcomes, such as treatment response, relapse rates, readmissions, and mortality across 

different stages of the psychotic illness. Each study was designed to address specific 

aspects of the hypothesis following the natural history of the disease including the FEP, 

the characteristic multiepisode of schizophrenia, the special group of patients with poor 

response to conventional antipsychotics and finally the shorter life expectancy in 

schizophrenia (Figure 8).  

In the first two articles, I explore biomarkers in the early stages of the disease using data 

from two multicentre cohorts in Spain. Article I focuses on the PEPs cohort, which tracks 

patients from acute FEP over a two-year follow-up period. We monitored the NLR to 

investigate its relationship with treatment response and its potential as a predictive 

marker. In contrast, Article II takes the opposite approach, using data from the 2EPS 

cohort to study patients who have remitted after a FES and follows them over a three-

year period to identify factors linked to relapse. My research specifically examines 

whether WBC counts and ratios can predict relapse. 

The next two articles focus on exploring how immune biomarkers can predict treatment 

response in acutely hospitalized patients, as well as differences in response based on the 

type of treatment. Both studies use data from the acute hospitalization unit at Hospital 

Universitari Santa Maria in Lleida. Article III examines patients with schizophrenia 
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experiencing an acute relapse, investigating whether WBC counts, ratios, and CRP levels 

at admission can predict functional outcomes at discharge. In Article IV, I focus on 

patients with acute psychotic depression, assessing the potential of the NLR to predict 

treatment response. 

Next, I focused on patients who exhibit a poor response to conventional antipsychotics, 

known as TRS. In Article V, I analysed data from a cohort of patients at Hospital Clínic 

de Barcelona who began clozapine treatment and were followed for eight weeks. 

Specifically, I explored the predictive value of WBC ratios for assessing the response to 

the initiation of clozapine. 

In addition to examining short-term outcomes, I investigated the long-term outcomes for 

patients with FES. In Article VI, I utilized population-based registry data from Denmark 

to analyse the relationship between immune biomarkers present during the first episode—

specifically WBC counts, ratios, and CRP—and long-term outcomes. These outcomes 

include mortality, treatment resistance indicated by the use of clozapine or ECT, and rates 

of readmission. I also compared the predictive ability of these biomarkers for mortality. 

Finally, I conducted three cross-sectional studies to explore the relationship between 

WBC ratios and other immune biomarkers, while considering the impact of confounding 

factors such as substance use. In Article VII, using data from the multicentre FLAMM-

PEPs cohort, I examined the association between the NLR and a panel of inflammatory 

and oxidative/nitrosative stress biomarkers in patients with FEP and HC. In Articles VIII 

and IX, I analysed data from the acute hospitalization unit at Hospital Universitari Santa 

Maria in Lleida. The first study investigated the relationship between WBC ratios and 

CRP in a cohort of schizophrenia patients, while the second examined the impact of 

substance use on immune biomarkers in acutely hospitalized psychiatric patients, 

including those with schizophrenia. 

Across the different studies included in this thesis, apart from the significant associations, 

when possible, I used predictive performance metrics for maximizing generalizability. 

Area under the curve (AUC) in receiver-operator curves is one of the common metrics 

used for this purpose, with higher AUC values indicating improved discriminative ability 

to identify true positives without excessive false positives.  In this thesis, as a general 

reference, the American Psychiatric Association Work Group on Neuroimaging Markers 

of Psychiatric Disorders suggestion  of an AUC >0.8 as a minimally useful threshold 
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(162) is used as recommended by experts (163). AUC levels are classified by level of 

discrimination and  potential clinical use. 3 

Through these studies, I aimed to provide comprehensive evidence supporting the 

hypothesis that easily accessible immune biomarkers are valuable predictors of clinical 

outcomes in patients with schizophrenia and other psychotic disorders across different 

scenarios. In the following sections, I will discuss the five secondary hypotheses outlined 

earlier. 

 

Figure 8. Schematic representation of the articles included in the thesis exploring different 

scenarios across the clinical course of schizophrenia. 

Articles are represented by Roman numerals and positioned along the x-axis according to the disease stage 

they examine, and along the y-axis based on the severity of the studied sample. Longitudinal studies, both 

prospective and retrospective, are marked with arrows indicating the outcomes they measure (Articles I, II, 

V, VI), while cross-sectional studies are shown without arrows (Articles VII, VIII, IX). Article IV is placed 

outside the graph because it analyses a different population—those with psychotic depression. 

Abbreviation: Clinical Global Impression-Severity (CGI-S). 

 
3 AUC Interpretation based on de Hold et al.(190) :  

• 0.5: No discrimination capability. The test is ineffective for predicting the outcome.  

• 0.5 < AUC < 0.7: Poor to fair level of discrimination; the model can distinguish between positive and 

negative classes, but not reliably for clinical practice.  

• 0.7 ≤ AUC < 0.8: Moderate level of discrimination; the model is considered acceptable for predicting 

outcomes and provides some useful information, but is minimally useful for clinical application. 

• 0.8 ≤ AUC < 0.9: Good level of discrimination; the model is highly effective at distinguishing between 

positive and negative classes, making it useful for clinical application. 

• ≥ 0.9: Excellent level of discrimination; the model is very effective, indicating a strong predictive 

ability and readiness for clinical application. 
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Table 3: Overview of the articles included in the thesis 

Article Journal Year of 

publication 

Impact Sample origin  Population and 

sample size 

Design Measures Outcomes Ref. 

I Schizophr Bull 

PMID : 35876785 

2022 IF 2022: 6.6 

Psychiatry Q1 

Multicentre cohort (PEPs), 

Spain 

FEP: 310 

HC: 215 

Prospective cohort 

2-years follow-up 

NLR Clinical Response 

(PANSS) 

(164) 

II Schizophr Res  

PMID: 38513331 

2024 IF 2023: 3.6 

Psychiatry Q1 

Multicentre cohort (2EPs), 

Spain 

FES: 111 Prospective cohort 

3-years follow-up 

WBC counts Relapse 

(RSWG) 

(165) 

III Brain Behav Immun 

Health 

PMID: 39634076 

2024 IF 2023: 3.7 

Psychiatry Q1 

Single centre  

(HUSM-Lleida), Spain 

SCZ: 354 

Other dx: 573 

Retrospective cohort 

Acute hospitalization 

WBC counts 

WBC ratios 

CRP 

Functionality  

(GAF) 

(166) 

IV J Psychiatr Res 

PMID: 34438202 

2021 IF 2021: 5.2 

Psychiatry Q2 

Single centre  

(HUSM-Lleida), Spain 

PD: 50 Retrospective cohort 

Acute hospitalization 

NLR Functionality  

(GAF) 

(167) 

V Pharmacopsychiatry 

PMID: 38621701 

2024 IF 2023: 3.6 

Psychiatry Q1 

Single centre  

(HCB), Spain 

TRS: 32 Prospective cohort 

8-week follow-up 

WBC ratios Clinical Response 

(PANSS) 

(168) 

VI Brain Behav Immun 

PMID: 39097201 

2024 IF 2023: 8.8 

Psychiatry D1 

Population-based register 

study, Denmark 

FES: 6.845 Retrospective cohort 

22-years follow-up 

WBC counts 

WBC ratios 

CRP 

Mortality 

Treatment Resistance 

Readmission 

(169) 

VII J Psychiatr Res 

PMID: 38437766 

2024 IF 2023: 3.7 

Psychiatry Q1 

Multicentre cohort  

(FLAMM-PEPs), Spain 

FEP: 97 

HC: 77 

Cross-sectional 

Acute FEP 

NLR 

Immune 

biomarkers panel 

Associations (170) 

VIII J Psychiatr Res 

PMID: 37515951 

2023 IF 2023: 3.7 

Psychiatry Q1 

Single centre  

(HUSM-Lleida), Spain 

SCZ: 698 Cross-sectional 

Acute hospitalization 

WBC ratios 

CRP 

Associations (171) 

IX Under Review - - Single centre  

(HUSM-Lleida), Spain 

SCZ: 312 

Other: 615 

Cross-sectional 

Acute hospitalization 

WBC counts 

WBC ratios 

CRP 

Associations  

 

The impact factor and quartile are based on the Journal Citation Report (JCR) for the year of publication. If not available, the immediately preceding year is used. Abbreviations: 

PMID: PubMed reference number; IF: Impact Factor; HUSM-Lleida: Hospital Universitari Santa Maria-Lleida; HCB: Hospital Clínic de Barcelona; FEP: First Episode of 

Psychosis; FES: First Episode of Schizophrenia; SCZ: Schizophrenia; PD: Psychotic Depression; TRS: Treatment-Resistant Schizophrenia; Dx: Diagnosis; NLR: Neutrophil-

to-lymphocyte ratio; WBC: White Blood Cell; CRP: C-Reactive Protein; GAF: Global Assessment of Functioning (172); RSWG: Remission in Schizophrenia Working Group 

(13). PANSS: Positive and Negative Syndrome Scale (173). 

https://pubmed.ncbi.nlm.nih.gov/35876785/
https://pubmed.ncbi.nlm.nih.gov/38513331/
https://pubmed.ncbi.nlm.nih.gov/39634076/
https://pubmed.ncbi.nlm.nih.gov/34438202/
https://pubmed.ncbi.nlm.nih.gov/38621701/
https://pubmed.ncbi.nlm.nih.gov/39097201/
https://pubmed.ncbi.nlm.nih.gov/38437766/
https://pubmed.ncbi.nlm.nih.gov/37515951/


5. DISCUSSION 

125 

 

5.2. The predictive value in first stages of the disease (Hypothesis 1) 

Studying the early stages of schizophrenia is crucial for understanding its 

pathophysiology and avoiding confounding factors associated with chronicity and long-

term antipsychotic treatment. In our sample from Article I, we found that FEP patients 

had higher mean NLR values compared to matched healthy controls. Although we did not 

observe a significant correlation between NLR values and PANSS scores or 

hospitalization, patients who met the RSWG remission criteria at the end of the two-year 

follow-up had significantly lower mean NLR values than those who did not remit. 

Additionally, we identified a significant positive correlation between the daily equivalent 

doses of chlorpromazine (CPZ) and NLR at the end of the study. 

Our finding of a non-significant association between NLR and PANSS scores contrasts 

with the results reported by Steiner et al (98). These discrepancies may partially stem 

from the fact that the mean PANSS total score in our cohort was notably higher (indicating 

more severe symptoms) at baseline compared to Steiner's study (75.1 vs. 31.0). We also 

found no correlation with other indirect markers of severity at baseline, such as the need 

for hospitalization and its duration. 

Perhaps the most significant result of our study is that patients who did not achieve 

remission at the end of the two-year follow-up exhibited a significantly higher NLR than 

those who did. Similarly, Labonté et al. (174) reported that NLR decreased following 

treatment exclusively in the responsive group, but not in those with treatment-resistant 

schizophrenia. This finding supports the idea that immune system dysfunction is related 

to treatment response in psychosis (175). Furthermore, in light of the results from Article 

VII (see Section 5.6), it suggests a potential involvement of stress response pathways in 

this population. 

It is important to note that non-remitted patients had significantly higher mean 

antipsychotic doses than the remitted group at the two-year follow-up, and a significant 

correlation was found between antipsychotic dose and NLR. This could potentially 

confound the results. Despite this, the findings emphasize the importance of studying 

NLR as a potential marker of severity in the progression of psychotic disorders. 

In Article II, we found that patients who relapsed within three years after remission from 

a FES had higher baseline counts of monocytes, lymphocytes, basophils, and eosinophils, 

along with lower PLR and higher BLR. In our predictive model, elevated monocyte and 
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basophil counts were associated with an increased risk of relapse, with AUC values of 

0.661 and 0.752, respectively. 

Our results align with some previous studies, although differences in study design, 

particularly the timing of sample collection, may account for inconsistencies with others. 

Our study is unique in that we focused on remitted patients following a FES, so 

comparisons should be made with caution. 

Notably, we observed higher baseline levels of both innate (monocytes, basophils, 

eosinophils) and adaptive (lymphocytes) immune cells in patients who relapsed. 

However, only the innate cell counts (monocytes and basophils) were significant 

predictors of relapse risk. These findings are consistent with literature suggesting 

activation of both innate and adaptive immunity in schizophrenia (176), but they also 

support the idea that innate immunity, rather than adaptive immunity, may have greater 

prognostic value (98). 

Despite this, the ROC curve analysis revealed AUC values of 0.66 for monocytes and 

0.75 for basophils, indicating poor to moderate discrimination. Both cell types showed 

low sensitivity and specificity, with AUC values falling below the 0.8 threshold 

considered minimally useful for clinical application (163). Therefore, while we 

demonstrated that immune cell counts at remission may play a role in the pathophysiology 

of relapse, their predictive value in clinical practice remains limited. 

 

5.3. The predictive value in acute hospitalization (Hypothesis 2) 

The progression of illness in most patients with schizophrenia is marked by repeated 

relapses. In our sample from Article III, among patients experiencing an acute relapse of 

schizophrenia requiring hospitalization, higher leukocyte counts were identified as risk 

factors for non-functional response (GAF change < 40), while a higher PLR was 

associated with a protective effect, with AUC values of 0.520 and 0.532, respectively. 

Additionally, higher lymphocyte and platelet counts were identified as protective factors 

against non-functional remission (GAF < 70 at discharge), with AUC values of 0.617 and 

0.589, respectively. However, WBC ratios did not show any significant associations with 

functional outcomes. 
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The largest study to date involving 2,598 patients found that higher leukocyte counts 

predicted poorer responses to antipsychotics, measured by PANSS total scores (Zhang et 

al., 2024). Our findings align, as leukocyte levels also predicted functional response. This 

is expected since PANSS and GAF scales are strongly negatively correlated (177), 

allowing acute responses to be reflected in both symptom and functional changes. 

We also identified significant associations for lymphocytes, platelets, and the PLR, all of 

which were linked to better clinical outcomes. This novel finding has not been previously 

reported, but it aligns with the results from Article VI, where a protective effect of 

platelets and PLR, along with a trend toward significance for lymphocytes in relation to 

treatment readmissions, was observed. The mechanisms behind these protective 

associations are still unclear, but they suggest that these cells may have unique effects. 

This points to the possibility that immune pathways influence the neurobiology of 

schizophrenia and its treatment response in distinct ways. 

Additionally, we found variations in how specific antipsychotic treatments affected 

functional outcomes. However, the small sample sizes—10 patients in the clozapine 

group and 16 in the first-generation group—limit our conclusions about individual 

medications. Future studies should examine immune biomarkers in patients on 

monotherapy with larger sample sizes (178). 

Finally, it should be noted that the predictive associations showed AUC values around 0.5 

to 0.6, indicating a poor level of discrimination and insufficient predictive capability for 

clinical application (163).  

In Article IV, we found that high NLR values upon admission are associated with greater 

clinical improvement, as measured by changes in the GAF during hospitalization, in 

patients experiencing an acute episode of psychotic disorder. When stratifying the 

patients, this association was maintained in women, those who received antidepressant 

treatment with tricyclics and SNRIs, those treated with antipsychotics such as olanzapine 

or quetiapine, and those who did not receive ECT. This study expands our understanding 

of the immune system's role in psychotic disorders beyond schizophrenia and suggests 

that specific psychopharmacological treatments may influence immune responses. 
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5.4. The predictive value in TRS (Hypothesis 3) 

Up to 30% of patients with schizophrenia develop TRS, for which clozapine is the only 

approved medication. In our sample from Article V, we found that pre-treatment values 

of the NLR and MLR predicted improvement in PANSS-positive symptoms at 8 weeks 

of follow-up in patients with TRS. However, PLR and BLR did not show significant 

predictive value. Patients with the highest NLR and MLR levels demonstrated a greater 

symptom response. Furthermore, clinical responders exhibited higher baseline NLR and 

MLR, with threshold values of 1.62 for NLR and 0.144 for MLR, achieving AUC of 0.714 

and 0.712, respectively, to distinguish between responders and non-responders. 

Previous research exploring the association between immune cell counts and clinical 

response to clozapine initiation has produced mixed results (107,108,174). However, the 

largest study to dates (n=397) found that individuals with high-normal neutrophil counts 

were more likely to respond to clozapine over a longer period, as measured by CGI (109). 

In contrast to previous studies, we utilized WBC ratios, which are believed to better reflect 

imbalances between innate and adaptive immune pathways (179). Our results align with 

those of Jones, supporting the role of neutrophils in the response to clozapine. 

Furthermore, our findings, in conjunction with GWAS linking genes associated with 

WBC counts to schizophrenia risk (29,97), suggest that immune mechanisms may play a 

role in certain subgroups of TRS patients who respond well to clozapine (180). 

Importantly, we identified threshold values of approximately 1.62 for NLR and 0.144 for 

MLR to differentiate between responders and non-responders, with AUC values of 0.714 

and 0.712, respectively. While these values indicate acceptable discrimination, they fall 

below the clinical utility threshold of 0.8 (163). Due to the limited sample size of our 

study, higher AUC values for blood cell count ratios in predicting response to positive 

symptoms cannot be ruled out. Further research with larger samples is necessary to 

confirm these findings, as they could have significant implications for clinical practice. 
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5.5. The prediction of long-term outcomes (Hypothesis 4) 

Predicting long-term outcomes during a FES is a challenging task, and immunological 

biomarkers may aid in this process. In Article VI, we found that higher baseline levels of 

leukocytes, neutrophils, monocytes, the LLR, NLR, MLR, and CRP were associated with 

increased all-cause mortality. Conversely, higher levels of lymphocytes, platelets, and the 

PLR were linked to a decreased risk of mortality. Among these markers, CRP 

demonstrated the highest predictive value for mortality, with an AUC of 0.84. 

Furthermore, elevated levels of leukocytes, neutrophils, monocytes, LLR, NLR, and 

MLR were associated with treatment resistance. Finally, higher platelet counts were 

associated with a reduced risk of psychiatric readmissions, while LLR was linked to an 

increased risk of readmissions. 

Our finding that CRP has a predictive value for mortality in schizophrenia, with an AUC 

greater than 0.8, could have significant public health implications. Patients with 

schizophrenia typically experience a reduced life expectancy of 13-15 years, primarily 

due to cardiovascular comorbidities (18). Based on these results, screening for CRP levels 

at the first episode of schizophrenia may help identify patients at risk for premature 

mortality, enabling targeted interventions to prevent fatal outcomes. 

Treatment resistance in schizophrenia is not uniform, as it involves various clinical and 

neurobiological pathways (38). In Article V, we demonstrated that the NLR and MLR 

predicted improvement upon initiating clozapine. However, in Article VI, we examined 

the ability of immune biomarkers at FES to predict the development of TRS, and found a 

significant signal for both NLR and MLR. These findings suggest that these ratios may 

not only help identify patients at risk for treatment resistance but also those who could 

respond better to clozapine. Nonetheless, to confirm this, the results from Article V need 

to be replicated in a larger sample. 

Several factors contribute to readmission in schizophrenia, yet no single biomarker 

consistently predicts psychiatric readmissions. The protective effect of platelets on 

readmissions, as noted in Section 5.3 and in Article III, contrasts with recent reporting 

higher platelet counts associated with worse psychiatric outcomes in FEP patients (100). 

To resolve this discrepancy, further research is urgently needed to better understand the 

role of platelets in the pathophysiology of psychotic disorders. 
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5.6. Associations between biomarkers and confounders (Hypothesis 5) 

To better understand the prognostic value of immune biomarkers, it is crucial to examine 

their relationships within established inflammatory pathways. In Article VII, we found 

that NLR values exhibited a moderate positive correlation with the levels of the pro-

inflammatory prostaglandin PGE2 and a small but significant positive correlation with 

cannabis use in patients with acute FEP. In the health control group, NLR values 

negatively correlated with body mass index (BMI) and positively correlated with tobacco 

use. 

These associations suggest the activation of a nuclear pro-inflammatory stress response 

pathway in individuals experiencing FEP. PGE2 is the major product of inducible 

cyclooxygenase-2 (COX-2) and contributes to the stress response by binding to G-

protein-coupled receptors and plays a key role in regulating lymphocytes, macrophages, 

and neutrophils (181). As discussed in Article I, higher NLR levels are linked to non-

remission after a FEP, indicating that this ratio reflects dysfunction in the stress response, 

which appears to be involved in clinical remission outcomes. 

In Article VIII, we found that CRP is significantly, though moderately, associated with 

NLR, while its associations with PLR and MLR are smaller, and there is no association 

with BLR. These relationships showed no variation by sex. CRP is primarily produced by 

hepatocytes and is directly regulated by IL-6 and IL-1β, both of which tend to increase 

during psychotic exacerbations (see Section 1.3.b). Meanwhile, WBC ratios reflect the 

balance between innate and adaptive immunity. Given the modest strength of these 

associations, we propose that WBC ratios should not replace CRP but rather be used 

alongside it. Future studies should evaluate both biomarkers together to better determine 

their clinical utility in schizophrenia, potentially aiding in prognosis and treatment 

decisions. 

In Article IX, which included a cohort of psychiatric inpatients, we found that recent 

cannabinoid use was associated with significantly higher levels of leukocytes, 

neutrophils, and monocytes. When stratified by diagnosis, this association was only 

maintained in individuals with psychotic disorders. In contrast, recent cocaine use was 

linked to eosinophilia, while opioid use was associated with significantly lower MLR, 

regardless of the primary psychiatric diagnosis. 
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The unique effect of cannabinoids on the immune system in psychotic disorders aligns 

with the current understanding of the endocannabinoid system in this population (182). It 

is known to be dysregulated, leading to heightened immune and inflammatory responses, 

as supported by our findings. Although no differences in NLR were found in this article, 

the results regarding neutrophil implications align with those reported in Article VII, 

reinforcing the impact of cannabis on these cells. 

5.7. Limitations 

When interpreting the results of this thesis, it is important to consider the limitations of 

the included studies. The analysis includes 8,826 individuals, with some overlap between 

the cross-sectional and cohort studies. However, this overlap accounts for less than 4% of 

the total sample and does not affect the cohort studies, which assess the biomarkers' 

predictive abilities. Furthermore, the observational designs (prospective, retrospective, 

and cross-sectional cohorts) inherently limit the ability to draw causal conclusions due to 

confounding variables, lack of experimental manipulation, and potential biases. Although 

temporal associations are identified and provide a basis for future research, they do not 

meet key criteria for establishing causality. Further details on these limitations are 

provided in Section 4 of each article, with the key issues summarized below: 

Articles I and II 

These articles use data from the PEPs and 2EPs cohorts, both of which share a prospective 

cohort design. Despite being well-characterized cohorts, they have intrinsic limitations, 

including vulnerability to residual confounding variables (e.g., physical activity, diet, 

social contact, and socio-economic status) due to the lack of randomization and 

participant loss during follow-up. Specific limitations include the naturalistic design of 

the cohorts, where treatment decisions during follow-up were made by clinicians based 

on individual needs, resulting in heterogeneity in antipsychotic treatment patterns. High 

dropout rates during follow-up (40.6% in the PEPs cohort and 49.6% in the 2EPs cohort) 

likely reduced the ability to detect differences between groups and may have affected 

statistical significance. Furthermore, data on medication adherence were unavailable, 

potentially impacting outcomes. Finally, in the PEPs cohort, some patients were already 

receiving antipsychotic treatment (mean duration: 54.1 days) at study entry, which may 

have influenced NLR values. 
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Articles III and IV 

These articles follow a retrospective cohort design, which introduces limitations such as 

reliance on pre-existing data, potential misclassification, and limited control over 

confounding variables. No symptom-based rating scales were available to assess 

individual symptoms, restricting the analysis to functionality as measured by the GAF 

scale. Stratifying by psychopharmacological treatment significantly reduced the sample 

size, and in Article III, patients on polypharmacy were classified by the antipsychotic with 

the highest equivalent dose, complicating interpretation for specific drugs. Biomarkers 

were measured only once, at hospitalization, preventing longitudinal assessments of their 

relationship with functional outcomes. Lastly, the retrospective design may introduce 

selection bias, and its observational nature limits causal inference.  

Article V 

This article employs a prospective cohort design with its intrinsic limitations, including 

vulnerability to confounding variables and participant loss during follow-up. The small 

sample size increased the likelihood of type II errors, complicated confounder control, 

and reduced statistical power for ROC analysis. Additionally, the short follow-up period 

limited the ability to capture outcomes related to slower-to-improve factors, such as 

negative symptoms and functionality. 

Article VI 

This is a retrospective cohort study based on population registers. Its limitations include 

reliance on secondary data, residual confounding factors, and limited generalizability due 

to missing individual-level details. Specifically, it was not possible to include a healthy 

control group, as all individuals in the clinical laboratory information system had prior 

hospital or primary care contact due to suspected illness. Selection bias was introduced 

by including only individuals with WBC counts and/or CRP measurements within ±30 

days of their schizophrenia diagnosis. Furthermore, data on factors influencing immune 

cells (e.g., fasting, sleep disturbances, and procedure timing) were unavailable, and 

potential inter-laboratory differences in measurements cannot be ruled out. Lastly, the 

study lacked data on smoking, weight, nutrition, and physical activity, all of which could 

affect immune processes and influence findings. 
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Article VII 

This study follows a cross-sectional design with intrinsic limitations, including an 

inability to establish causality, susceptibility to recall and selection biases, and a lack of 

temporal data. Biomarkers were derived from peripheral blood samples, which may not 

accurately reflect CNS changes. While the biomarkers analysed are part of a canonical 

stress response pathway, incorporating additional immune markers (e.g., interleukins or 

CRP) could have provided deeper insights. Lastly, excluding individuals with substance-

induced psychotic episodes prevented analysis of the impact of substances beyond 

cannabis and tobacco. 

Article VIII 

This study also follows a cross-sectional design with its previously stated intrinsic 

limitations. Data on key confounding variables, such as BMI and psychotropic 

medication use, were unavailable. However, the large sample size allowed for control of 

other confounders, including cardiovascular risk factors, tobacco use, drug abuse, and 

episode type. No clinical rating scales were used to assess schizophrenia severity, limiting 

the ability to analyse biomarker-symptom relationships. Additionally, information on 

disease course variables, such as the duration of untreated psychosis and years since onset, 

was not collected. 

Article IX 

This last study is also a cross-sectional study with similar intrinsic limitations. Data on 

healthy controls and key confounding factors (e.g., BMI, childhood maltreatment, and 

psychotropic medication use) were unavailable. The study also lacked information on 

drug consumption frequency, as urine tests reflected only recent use. Immune parameters 

were assessed at a single time point, preventing analysis of abstinence effects over time. 

Furthermore, the absence of cannabinoid composition data may have introduced bias. 

While the total sample size was relatively large (n = 927), subgroup analyses resulted in 

smaller sample sizes, increasing the risk of type II errors and necessitating cautious 

interpretation of results.  
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5.8. Future research lines 

 

Future research on the role of immune biomarkers in the prognostic assessment and 

treatment of patients with schizophrenia should concentrate on the results that 

demonstrate the highest predictive performance in this thesis to enhance the clinical utility 

of subsequent studies. 

First, among all the predictive values reported in this thesis, CRP demonstrated the 

highest predictability, specifically for long-term mortality in patients with FES, achieving 

an AUC of 0.84, which indicates significant clinical implications. While cardiovascular 

issues are the leading cause of death in individuals with schizophrenia, it is crucial to 

investigate the specific causes of death in those with elevated CRP levels compared to a 

control population, and I am currently analysing this data. Furthermore, although the 

findings from the Nordic population are noteworthy due to the high quality of their health 

records, their external validity may be limited for Southern European populations, 

especially for those under clozapine treatment. Therefore, validating these results in our 

population is a critical task that I am also working on. If replicated, these findings could 

support the implementation of routine CRP screenings for patients with FES, guiding 

targeted cardiovascular prevention programs and testing specific interventions. 

Second, pre-treatment NLR and MLR demonstrated AUC values of 0.714 and 0.712, 

respectively, for predicting clozapine response in TRS. Although these values fall below 

the clinical utility threshold of 0.8, they still indicate acceptable discrimination. Given 

that AUC values are significantly influenced by sample size—and our study involved a 

small sample of only 32 patients—these results could potentially be clinically relevant if 

tested in a larger and more appropriate cohort. The development of such biomarkers could 

enhance clinical applicability, especially since there are currently no reliable markers to 

guide clinical responses to clozapine. I am currently collaborating with the CLOZIN 

study (https://www.clozinstudy.com/), an international consortium dedicated to sharing 

data about clozapine treatment and aiming to replicate these findings. 

Third, this thesis investigates various WBC ratios—NLR, MLR, ELR, BLR, PLR, and 

LLR—as potential predictors of longitudinal outcomes, proposing specific cut-off values 

for each. Despite the potential utility of these ratios, standardized cut-offs to distinguish 

normal from abnormal levels remain debated, limiting their consistent application and 

comparability across studies and disorders. Among these biomarkers, NLR has been the 

https://www.clozinstudy.com/
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most extensively studied. In healthy populations, the mean NLR is approximately 1.7 

(112,183,184), while meta-analyses suggest that values of 5 or higher are associated with 

poor prognosis in cardiovascular and respiratory conditions (185,186), and values above 

10 are often linked to systemic infections or sepsis (46). In psychiatry, establishing NLR 

cut-offs has been challenging due to small sample sizes and limited control for 

confounding factors (179). Standardizing NLR levels would enhance its utility as an 

immune marker, enabling more consistent comparisons across psychiatric and other 

medical studies. To address this need, I am collaborating with the UK Biobank to access 

a large sample of patients with schizophrenia, accompanied by detailed comorbidity data. 

The aim is to determine whether WBC ratios have an independent effect on schizophrenia 

beyond their association with known risk factors. Additionally, this research seeks to 

refine WBC ratio cut-offs, enhance their clinical applicability, and promote their adoption 

as reliable markers across various health domains. 

Fourth, our study found a poor level of discrimination for the biomarkers in predicting 

the response to conventional antipsychotics during acute episodes of schizophrenia 

(schizophrenia). However, significant methodological problems hindered our results. 

Therefore, it would be beneficial to investigate this association in a better-characterized 

sample, ideally under monotherapy conditions. In this context, I am conducting a meta-

analysis of individual data using clinical trial data for paliperidone available in The 

YODA Project (https://yoda.yale.edu/) to test this hypothesis in a controlled population. 

Finally, the results of this thesis are based on blood-based biomarkers that exhibit 

immunological features in the periphery. It is expected that these peripheral immune 

alterations mirror changes in the CNS and thus affect the neurobiology of schizophrenia. 

However, this expectation needs to be validated by data. A recent meta-analysis that 

included 1,679 paired CNS and peripheral samples found a weak but significant 

correlation between IL-6 and TNF-α, though not for other biomarkers (187). Importantly, 

samples from psychiatric conditions are underrepresented in the meta-analysis, with 

neurological cohorts predominating, which limits the ability to draw direct conclusions 

about schizophrenia. Therefore, studying CNS biomarkers in schizophrenia patients is 

crucial for understanding the impact of immune dysfunction on the disorder's 

neurobiology. In this context, I am currently collaborating on a project funded by the 

Instituto de Salud Carlos III, which focuses on biomarkers of synaptic loss in FEP 

(PI20/01066; PI: Miquel Bioque).

https://yoda.yale.edu/
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6. CONCLUSSIONS 

Based on the hypotheses outlined in this thesis, we can draw the following conclusions: 

1. Elevated white blood cell counts, their ratios, and C-reactive protein levels were associated 

with various clinical outcomes in schizophrenia spectrum disorders, suggesting their 

potential as predictive biomarkers. 

2. Persistently higher neutrophil-to-lymphocyte ratio values were observed in first-episode 

psychosis patients who failed to achieve remission over two years, indicating a potential 

role in early disease monitoring. 

3. During acute first-episode psychosis, the neutrophil-to-lymphocyte ratio was linked to 

proinflammatory pathways associated with the stress response. 

4. In remitted first-episode schizophrenia patients, elevated monocyte and basophil counts 

increased relapse risk but had limited clinical relevance. 

5. In acute schizophrenia requiring hospitalization, leukocyte counts, platelet-to-lymphocyte 

ratio, and lymphocyte and platelet counts were associated with functional outcomes but 

showed insufficient predictive capability. 

6. In treatment-resistant schizophrenia, baseline elevations in neutrophil-to-lymphocyte and 

monocyte-to-lymphocyte ratios moderately predicted improvements in positive symptoms 

after clozapine initiation, requiring further validation. 

7. Higher C-reactive protein levels at first-episode schizophrenia were significantly associated 

with long-term mortality risk, demonstrating strong clinical utility for risk stratification. 

8. Relationships between immune markers, such as C-reactive protein and white blood cell 

ratios, varied across clinical contexts and disease stages, highlighting immune dysfunction 

heterogeneity in schizophrenia spectrum disorders. 

9. Substance use, including cannabis, cocaine, and opioids, was linked to specific alterations 

in immune biomarkers, reflecting immune modulation dependent on substance type and 

diagnosis. 

10. While white blood cell counts and ratios are accessible biomarkers, their predictive 

accuracy for clinical outcomes, remains limited, requiring further research for refinement 

in personalized psychiatry. 

11. These findings support the immune hypothesis in schizophrenia, demonstrating systemic 

immune dysregulation's impact on clinical outcomes, though deeper investigation is needed 

to guide interventions.
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