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RESUMEN 

La neuroinflamación se ha revelado como un mecanismo biológico clave que contribuye a la 

comprensión de los principales trastornos psiquiátricos al integrar perspectivas neurológicas, 

psiquiátricas e inmunológicas. Esta revisión tuvo como objetivo sintetizar la evidencia 

internacional actual sobre el papel de la desregulación neuroinmune en la fisiopatología, las 

manifestaciones clínicas, el diagnóstico y el tratamiento de los trastornos psiquiátricos. Se realizó 

una revisión narrativa estructurada utilizando el método científico como marco metodológico. 

Las publicaciones científicas se identificaron a través de PubMed/MEDLINE, Scopus, Web of 

Science, ScienceDirect y Google Scholar, priorizando estudios revisados por pares de alta calidad 

que abordaran biomarcadores inflamatorios, activación microglial, disfunción astrocitaria, 

señalización de citoquinas, estrés oxidativo, interacciones intestino-cerebro y enfoques 

terapéuticos emergentes. La evidencia revisada demostró consistentemente que los mediadores 

inflamatorios, en particular la interleucina-6, el factor de necrosis tumoral alfa, la interleucina-1β 

y la proteína C reactiva, se asocian frecuentemente con el trastorno depresivo mayor, la 

esquizofrenia, el trastorno bipolar, los trastornos de ansiedad, el trastorno obsesivo-compulsivo 

y el trastorno del espectro autista. La activación microglial crónica, la reactividad astrocitaria, el 

estrés oxidativo y las alteraciones de la barrera hematoencefálica se identificaron como 

mecanismos centrales que contribuyen al deterioro de la neuroplasticidad, la disfunción 

cognitiva, la desregulación emocional y la resistencia al tratamiento. Las intervenciones en el 

estilo de vida, los ácidos grasos omega-3, la N-acetilcisteína, la minociclina y otras estrategias 

antiinflamatorias demostraron un potencial terapéutico complementario prometedor, aunque 

persiste una heterogeneidad sustancial entre los estudios publicados. En general, los hallazgos 

respaldan la neuroinflamación como una vía biológica clínicamente relevante que complementa 

los modelos neuroquímicos tradicionales y refuerza la importancia de la psiquiatría de precisión 

mediante enfoques individualizados guiados por biomarcadores. La investigación 

interdisciplinaria continua que involucre a diversas poblaciones internacionales, incluyendo 

América Latina, será esencial para traducir los avances neuroinmunológicos en una mejor 

atención de la salud mental. 
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Biomarkers, Neuroimmunology, Precision Psychiatry. 

 

ABSTRACT 

The vaginal microbiome has emerged as a fundamental determinant of female reproductive health and a promising 

therapeutic target for the prevention and management of gynecological and obstetric complications. This review aimed 

to critically analyze the current scientific evidence regarding emerging microbiome-targeted therapeutic approaches, 

emphasizing their biological mechanisms, clinical effectiveness, therapeutic potential, and future applications in 

personalized reproductive medicine. A structured narrative review based on the Scientific Method was conducted using 

publications retrieved from internationally recognized databases, including PubMed, Scopus, Web of Science, 

ScienceDirect, SpringerLink, Nature Portfolio, and Google Scholar. Recent evidence demonstrates that vaginal 

dysbiosis is strongly associated with bacterial vaginosis, recurrent vulvovaginal candidiasis, infertility, recurrent 

urinary tract infections, preterm birth, and other adverse pregnancy outcomes. The analyzed literature indicates that 

probiotics currently possess the strongest clinical evidence, while live biotherapeutic products, vaginal microbiota 

transplantation, postbiotics, prebiotics, and advanced vaginal drug delivery systems represent rapidly evolving 

therapeutic alternatives with considerable potential for restoring microbial homeostasis. These interventions extend 

beyond pathogen elimination by promoting immune regulation, epithelial barrier integrity, long-term microbial 

stability, and personalized therapeutic strategies. Although important methodological limitations remain, including 

heterogeneity among studies and limited long-term clinical data, microbiome-directed therapies are expected to play 

an increasingly significant role in precision reproductive medicine. Continued multidisciplinary research and high-
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quality clinical trials will be essential to facilitate their safe and effective integration into routine gynecological and 

obstetric practice. 

 

 

KEYWORDS  

vaginal microbiome, vaginal dysbiosis, probiotics, prebiotics, postbiotics, live biotherapeutic products, vaginal 

microbiota transplantation, bacterial vaginosis, gynecological diseases, obstetric complications, reproductive health, 

precision medicine. 

INTRODUCCIÓN 

Psychiatric disorders constitute one of the leading causes of disability worldwide, affecting hundreds of millions of 

individuals and generating a profound social, economic, and public health burden. Major depressive disorder, bipolar 

disorder, schizophrenia, anxiety disorders, and autism spectrum disorders are traditionally understood through 

neurochemical and neurodevelopmental models centered on neurotransmitter dysregulation, genetic susceptibility, and 

environmental influences. While these paradigms have significantly advanced psychiatric research and clinical 

practice, they fail to fully explain the heterogeneity of symptoms, variable treatment responses, and biological 

complexity observed across affected individuals. Consequently, increasing attention has been directed toward the 

immune system and its dynamic interactions with the central nervous system, giving rise to the rapidly expanding field 

of neuroimmunology. Rather than viewing the brain as an immunologically privileged organ isolated from peripheral 

immune activity, contemporary evidence demonstrates continuous bidirectional communication between neural and 

immune pathways that profoundly influences emotional regulation, cognition, behavior, and psychiatric vulnerability 

(Dantzer et al., 2008; Miller & Raison, 2016). 

During the past two decades, neuroinflammation has emerged as one of the most compelling biological mechanisms 

linking immune dysregulation with mental illness. Neuroinflammation encompasses a coordinated response involving 

resident immune cells, principally microglia and astrocytes, together with infiltrating peripheral immune mediators, 

inflammatory cytokines, chemokines, oxidative stress pathways, complement activation, and alterations of the blood-

brain barrier. Under physiological conditions these mechanisms participate in synaptic remodeling, neuronal 

maintenance, tissue repair, and host defense. However, persistent activation may disrupt neuronal plasticity, 

neurotransmitter metabolism, mitochondrial function, and synaptic connectivity, ultimately contributing to behavioral 

and psychiatric manifestations. This evolving understanding has fundamentally shifted psychiatric research from a 

predominantly neurotransmitter-centered perspective toward an integrated neuroimmune model that recognizes 

inflammation as an active contributor to disease pathogenesis rather than merely a secondary consequence of 

psychological stress (Heneka et al., 2014; Ransohoff, 2016). 

Among the principal cellular mediators of neuroinflammation, microglia have attracted particular scientific interest. 

These resident macrophages of the central nervous system continuously monitor the neural microenvironment and 

regulate synaptic pruning, neurodevelopment, and immune surveillance. Experimental and clinical investigations 

indicate that prolonged microglial activation promotes excessive production of interleukin-1β (IL-1β), interleukin-6 

(IL-6), tumor necrosis factor-alpha (TNF-α), reactive oxygen species, and additional inflammatory mediators capable 

of altering neuronal communication and neuroplasticity. Likewise, astrocytes, once considered merely supportive cells, 

are now recognized as essential regulators of neuronal metabolism, glutamate homeostasis, blood-brain barrier 

integrity, and inflammatory signaling. Dysfunctional interactions between activated microglia and reactive astrocytes 

have been consistently associated with neuropsychiatric disorders, suggesting that glial biology may represent one of 

the central mechanisms connecting immune activation and behavioral abnormalities (Zhu et al., 2023; Laricchiuta et 

al., 2024). 

Substantial clinical evidence further supports the inflammatory hypothesis of psychiatric disease. Numerous systematic 

reviews and meta-analyses have demonstrated elevated circulating concentrations of inflammatory biomarkers—

including C-reactive protein, IL-6, TNF-α, IL-1β, interferon-γ, and multiple chemokines—in patients diagnosed with 

major depressive disorder, bipolar disorder, schizophrenia, and several anxiety-related conditions. Importantly, these 

inflammatory alterations frequently correlate with symptom severity, cognitive dysfunction, treatment resistance, 
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suicidal ideation, and disease recurrence. Such findings indicate that immune dysregulation is unlikely to represent a 

nonspecific epiphenomenon and instead may define biologically distinct endophenotypes within psychiatric disorders. 

This concept has stimulated growing interest in precision psychiatry, where inflammatory biomarkers could contribute 

to individualized diagnosis, prognostic stratification, and therapeutic decision-making (Felger & Lotrich, 2013; Beurel 

et al., 2020; Zhang et al., 2023). 

Major depressive disorder provides one of the strongest examples supporting the neuroimmune paradigm. 

Approximately one-third of patients with depression exhibit persistent low-grade systemic inflammation despite 

receiving conventional antidepressant therapy. Experimental administration of inflammatory cytokines or interferon-

based treatments can induce depressive symptoms in previously healthy individuals, whereas chronic inflammatory 

diseases are consistently associated with increased depression prevalence. Furthermore, inflammatory activation 

interferes with serotonin biosynthesis through activation of indoleamine 2,3-dioxygenase, alters glutamatergic 

neurotransmission, reduces brain-derived neurotrophic factor expression, impairs hippocampal neurogenesis, and 

contributes to abnormalities in reward processing. Collectively, these biological alterations provide plausible 

mechanistic explanations for emotional dysregulation, fatigue, anhedonia, and cognitive impairment commonly 

observed in depressive illness (Miller & Raison, 2016; Poletti et al., 2024). 

Similarly, accumulating evidence suggests that schizophrenia and bipolar disorder involve substantial immune 

abnormalities extending beyond classical neurotransmitter dysfunction. Neuroimaging studies employing positron 

emission tomography have identified increased microglial activation in selected brain regions of patients with 

schizophrenia, while longitudinal investigations demonstrate dynamic inflammatory changes across manic, depressive, 

and euthymic phases of bipolar disorder. Prenatal maternal infections, autoimmune diseases, chronic inflammatory 

conditions, and genetic variants affecting immune regulation have all been associated with increased susceptibility to 

psychotic disorders. These observations reinforce the hypothesis that immune dysfunction may contribute not only to 

symptom progression but also to early neurodevelopmental disturbances occurring years before clinical disease 

becomes evident (Hartmann et al., 2024; Chaves et al., 2024). 

Recent advances have also emphasized the importance of systemic factors capable of sustaining chronic 

neuroinflammation. The gut-brain axis, metabolic syndrome, obesity, sleep disturbances, psychosocial stress, chronic 

infections, and alterations in intestinal microbiota have emerged as major contributors to persistent immune activation. 

Communication between intestinal microorganisms and the central nervous system occurs through neural, endocrine, 

metabolic, and immunological pathways, influencing cytokine production, blood-brain barrier permeability, 

neurotransmitter synthesis, and microglial maturation. Consequently, neuroinflammation is increasingly recognized as 

a multisystem process integrating peripheral physiology with central nervous system function rather than an isolated 

cerebral phenomenon. This broader perspective has encouraged interdisciplinary collaborations involving neurology, 

psychiatry, immunology, endocrinology, gastroenterology, and systems biology (Chan et al., 2023; Herzog et al., 

2024). 

Despite remarkable progress, numerous scientific uncertainties remain unresolved. It is still debated whether 

inflammation represents a primary etiological factor, a disease modifier, or a consequence of psychiatric pathology. 

Considerable heterogeneity exists regarding biomarker profiles, timing of inflammatory activation, patient selection, 

and methodological approaches across published studies. Likewise, while several anti-inflammatory interventions—

including omega-3 fatty acids, minocycline, N-acetylcysteine, cyclooxygenase inhibitors, statins, and biological 

therapies—have shown promising results in selected patient populations, their clinical effectiveness remains 

inconsistent, emphasizing the necessity for better patient stratification and biomarker-guided therapeutic strategies 

(Rosenblat et al., 2014; Zeng et al., 2024). 

These knowledge gaps are particularly relevant within the international context, including Latin America, where 

psychiatric disorders represent a growing public health challenge and where chronic inflammatory diseases, metabolic 

disorders, socioeconomic inequalities, environmental stressors, and limited access to specialized mental healthcare 

may interact to influence neuroimmune mechanisms. Although significant advances have been achieved in Europe, 

North America, and Asia, increasing scientific contributions from Latin American research groups are expanding 

current understanding of psychiatric neuroimmunology through epidemiological studies, translational investigations, 
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and collaborative international initiatives. Integrating evidence from diverse populations is therefore essential for 

improving external validity and developing globally applicable clinical recommendations. 

Accordingly, the present review aims to comprehensively analyze current evidence regarding the relationship between 

neuroinflammation and major psychiatric disorders by integrating contemporary findings from neurology, psychiatry, 

and immunology. Particular emphasis is placed on cellular and molecular inflammatory mechanisms, microglial 

activation, astrocyte dysfunction, cytokine signaling, gut-brain interactions, inflammatory biomarkers, neuroimaging 

advances, and emerging therapeutic strategies targeting immune pathways. Additionally, the review examines current 

controversies, methodological limitations, and future perspectives concerning precision psychiatry and neuroimmune 

medicine. Through the synthesis of high-quality international evidence, including studies involving Latin American 

populations whenever available, this review seeks to provide healthcare professionals, educators, researchers, and 

medical students with an updated and clinically relevant overview of one of the most rapidly evolving areas in 

contemporary neuroscience and mental health research. 

 

DESARROLLO  

Neuroinflammation represents a coordinated biological response generated within the central nervous system when 

neural tissue is exposed to infection, psychological stress, metabolic alterations, cellular injury, or persistent peripheral 

immune activation. This response involves microglia, astrocytes, endothelial cells, neurons, circulating leukocytes, 

cytokines, chemokines, reactive oxygen species, and complement proteins. Under physiological conditions, 

neuroimmune signaling contributes to tissue surveillance, synaptic remodeling, neuronal development, and repair. 

However, when inflammatory activation becomes prolonged or inadequately regulated, it may alter neural circuits 

involved in mood, motivation, cognition, reward processing, and behavioral control (Dantzer et al., 2008; DiSabato et 

al., 2016).  

Microglia constitute one of the principal links between brain immunity and psychiatric manifestations. These cells 

continuously examine the cerebral microenvironment and respond to molecular signals associated with tissue damage 

or systemic inflammation. Persistent activation may increase the release of IL-1β, IL-6, TNF-α, nitric oxide, and 

reactive oxygen species. Such mediators can interfere with synaptic plasticity, mitochondrial activity, neurogenesis, 

and neurotransmitter metabolism. Nevertheless, microglial activation should not be interpreted as an exclusively 

harmful process, because its effects depend on the duration, intensity, anatomical location, and biological context of 

the immune response. This functional complexity partly explains why neuroinflammatory findings are not uniform 

among all patients with the same psychiatric diagnosis (Nguyen et al., 2023; Zhu et al., 2023). 

Astrocytes also participate actively in the regulation of neuroinflammation. In addition to providing metabolic support 

to neurons, these cells regulate extracellular glutamate, maintain ionic balance, contribute to the integrity of the blood–

brain barrier, and release molecules that influence both neuronal and immune activity. Reactive astrocytes may lose 

part of their homeostatic functions and promote inflammatory signaling, excitotoxicity, and impaired neuroplasticity. 

Interactions between astrocytes and microglia therefore appear to be especially relevant in disorders characterized by 

cognitive dysfunction, affective instability, and progressive changes in neural connectivity (Laricchiuta et al., 2024; 

Puentes-Orozco et al., 2024). Recent studies suggest that glial dysfunction should be examined as a dynamic process 

rather than as a fixed cellular abnormality.  

In major depressive disorder, inflammatory activity has been associated with fatigue, anhedonia, psychomotor slowing, 

sleep disturbances, cognitive impairment, and resistance to conventional antidepressant treatment. Increased peripheral 

concentrations of IL-1β, IL-6, TNF-α, and C-reactive protein have been reported in clinically relevant subgroups of 

patients. These cytokines can communicate with the brain through humoral pathways, neural signaling, endothelial 

activation, immune-cell trafficking, and changes in blood–brain barrier permeability. Once inflammatory signaling 

reaches the central nervous system, it may influence the hypothalamic–pituitary–adrenal axis, reduce neurotrophic 

support, modify monoaminergic transmission, and increase glutamatergic activity (Felger & Lotrich, 2013; Beurel et 

al., 2020; Hassamal, 2023).  
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The metabolism of tryptophan represents an important mechanism connecting inflammation and depressive 

manifestations. Proinflammatory cytokines can activate indoleamine 2,3-dioxygenase, directing tryptophan 

metabolism toward the kynurenine pathway. This process may reduce the availability of tryptophan for serotonin 

synthesis while increasing the production of metabolites capable of affecting glutamatergic signaling, oxidative 

balance, and neuronal viability. In parallel, inflammatory mediators may reduce brain-derived neurotrophic factor 

activity and interfere with hippocampal neurogenesis. These changes offer a biologically plausible explanation for the 

coexistence of altered mood, memory impairment, and reduced cognitive flexibility in some patients with depression 

(Miller & Raison, 2016; Wu et al., 2023).  

Immune dysregulation has also been investigated in schizophrenia. Evidence from blood, cerebrospinal fluid, 

postmortem tissue, genetics, and molecular neuroimaging suggests that at least a proportion of affected individuals 

present abnormalities in cytokine signaling, complement activity, microglial function, and blood–brain barrier 

regulation. Maternal infections, obstetric complications, autoimmune conditions, and early exposure to inflammatory 

environments have additionally been associated with altered neurodevelopment and increased susceptibility to 

psychosis. However, the available evidence remains heterogeneous, and inflammatory alterations cannot yet be 

considered universal diagnostic characteristics of schizophrenia (Nguyen et al., 2023; Chaves et al., 2024).  

A possible contribution of neuroinflammation to schizophrenia is the disruption of synaptic maturation and pruning. 

Microglia and complement proteins participate in the elimination of unnecessary synapses during normal brain 

development. Excessive or poorly regulated activity of these systems could contribute to abnormal connectivity, 

cognitive deficits, negative symptoms, and altered sensory processing. Inflammatory mediators may also influence 

dopamine and glutamate pathways, creating an interaction between neuroimmune mechanisms and established 

neurochemical models of psychosis. Current findings therefore support an integrated interpretation in which immune, 

genetic, developmental, and environmental factors participate simultaneously rather than functioning as isolated 

causes. 

In bipolar disorder, inflammatory activity appears to fluctuate according to the clinical phase and overall progression 

of the illness. Increased concentrations of inflammatory mediators have been described during manic and depressive 

episodes, while partial normalization may occur during euthymic periods. Recurrent mood episodes, metabolic 

comorbidities, oxidative stress, sleep disruption, and hypothalamic–pituitary–adrenal axis dysfunction may sustain a 

chronic inflammatory state. This has led to the concept of neuroprogression, according to which repeated episodes 

may be associated with cumulative biological changes that influence cognitive functioning, symptom severity, and 

treatment response. Nevertheless, the direction of causality remains uncertain, since inflammation may act as a 

precipitating factor, a consequence of acute episodes, or a mechanism that reinforces disease persistence. 

The microbiota–gut–brain axis provides an additional pathway through which peripheral processes may influence 

psychiatric health. Intestinal microorganisms interact with the nervous system through immune, metabolic, endocrine, 

and vagal pathways. Dysbiosis may increase intestinal permeability and facilitate the passage of microbial components 

into the circulation, promoting low-grade systemic inflammation. Microbial metabolites can also influence microglial 

maturation, neurotransmitter synthesis, stress responses, and blood–brain barrier function. Alterations of the intestinal 

microbiota have been investigated in depression, anxiety disorders, schizophrenia, bipolar disorder, and autism 

spectrum disorder; however, differences in diet, medication exposure, geography, age, and analytical methods limit 

direct comparisons between studies (Cryan et al., 2019; Carlessi et al., 2021; Góralczyk-Bińkowska et al., 2022).  

Chronic psychological stress is another major factor linking peripheral inflammation with changes in brain function. 

Prolonged activation of the hypothalamic–pituitary–adrenal and sympathetic nervous systems can modify 

glucocorticoid sensitivity, cytokine production, immune-cell distribution, sleep patterns, and intestinal permeability. 

Although glucocorticoids normally limit inflammatory responses, continuous stress exposure may produce 

glucocorticoid resistance, allowing inflammatory signaling to persist. These mechanisms may be intensified by obesity, 

insulin resistance, smoking, sedentary behavior, poor sleep, social adversity, or chronic medical disease. The 

neuroinflammatory profile of a psychiatric patient must therefore be understood within a broader clinical and social 

context rather than attributed exclusively to the primary psychiatric disorder (Calcia et al., 2016; Chan et al., 2023; 

Hassamal, 2023).  
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From a clinical perspective, inflammatory biomarkers offer promising but still limited applications. C-reactive protein, 

cytokines, chemokines, blood-cell ratios, neurofilament proteins, and glial markers have been studied as possible 

indicators of disease activity, prognosis, and therapeutic response. Nevertheless, no isolated biomarker currently 

provides sufficient specificity to distinguish reliably among major psychiatric disorders. Their concentrations may be 

affected by age, sex, circadian rhythm, medication use, acute infection, body mass index, smoking, and 

cardiometabolic disease. For this reason, future clinical models will probably require combinations of immunological, 

metabolic, genetic, neuroimaging, and behavioral variables rather than dependence on a single laboratory 

measurement. 

The identification of inflammatory subgroups has stimulated interest in adjunctive treatments capable of modifying 

immune pathways. Nonsteroidal anti-inflammatory drugs, minocycline, omega-3 fatty acids, N-acetylcysteine, statins, 

cytokine antagonists, dietary interventions, physical activity, and microbiota-directed therapies have been evaluated 

with variable results. Some studies suggest that the greatest benefit may occur among patients with demonstrable 

inflammatory activation, whereas trials enrolling biologically heterogeneous populations often report modest or 

inconsistent effects. Consequently, anti-inflammatory strategies should not be regarded as replacements for established 

psychiatric treatments. Their potential value lies in carefully selected adjunctive use, supported by biomarker-guided 

clinical trials and rigorous safety assessment (Rosenblat et al., 2014; Liu et al., 2020; Han et al., 2024).  

The international relevance of this field is particularly evident in Latin America, where psychiatric disorders frequently 

coexist with obesity, diabetes, infectious diseases, socioeconomic inequality, exposure to violence, restricted access to 

specialized services, and marked differences in healthcare resources. These circumstances may influence both systemic 

inflammation and the clinical expression of mental illness. At the same time, genetic diversity, dietary patterns, 

environmental exposures, and regional differences in the microbiome provide valuable opportunities to broaden current 

neuroimmunological research. Greater participation of Latin American populations in multicenter studies is necessary 

to prevent the extrapolation of conclusions derived predominantly from North American, European, or Asian samples. 

Overall, the available evidence supports a bidirectional and heterogeneous relationship between inflammation and 

psychiatric illness. Neuroinflammation does not explain every case of depression, schizophrenia, bipolar disorder, or 

anxiety, nor should it be considered an independent cause separated from genetic, psychological, developmental, and 

environmental influences. Instead, it appears to function as a biological pathway capable of increasing vulnerability, 

modifying symptoms, influencing progression, and contributing to treatment resistance in specific subgroups. The 

integration of neurology, psychiatry, and immunology may therefore improve the classification of psychiatric disorders 

and facilitate the development of more individualized preventive, diagnostic, and therapeutic strategies. 

 

OBJETIVO GENERAL Y OBJETIVOS ESPECÍFICOS 

General Objective 

To analyze and synthesize the current international scientific evidence on the relationship between neuroinflammation 

and major psychiatric disorders, integrating neurological, psychiatric, and immunological perspectives in order to 

improve the understanding of the biological mechanisms involved, identify clinically relevant inflammatory 

biomarkers, and examine emerging therapeutic strategies that may contribute to precision mental healthcare. 

 

Specific Objectives  

 

Cognitive Domain  

1. Remember: To identify the principal inflammatory mediators, immune cells, and molecular pathways 

involved in neuroinflammation associated with psychiatric disorders. 

2. Understand: To explain the physiological interactions between the central nervous system and the immune 

system, emphasizing the roles of microglia, astrocytes, cytokines, and the blood-brain barrier in maintaining 

brain homeostasis. 

3. Apply: To relate current neuroimmunological evidence to the pathophysiology of major depressive disorder, 

schizophrenia, bipolar disorder, anxiety disorders, and autism spectrum disorders. 
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4. Analyze: To compare the inflammatory mechanisms shared among different psychiatric disorders while 

identifying disease-specific neuroimmune characteristics reported in recent international literature. 

5. Evaluate: To critically assess the clinical utility of inflammatory biomarkers, neuroimaging techniques, and 

laboratory findings as complementary tools for diagnosis, prognosis, and therapeutic decision-making. 

6. Create: To integrate contemporary evidence into a comprehensive conceptual framework that supports future 

interdisciplinary research and promotes individualized approaches in neuropsychiatric medicine. 

 

Psychomotor Domain  

7. To demonstrate the ability to interpret scientific evidence regarding neuroinflammatory biomarkers, 

molecular pathways, and neuroimaging findings relevant to psychiatric disorders. 

8. To organize and classify scientific information obtained from high-quality international publications 

according to current neuroimmunological concepts. 

9. To apply standardized procedures for critically reviewing and synthesizing evidence from peer-reviewed 

literature in neuroscience, psychiatry, and immunology. 

 

 

Affective Domain 

10. To recognize the importance of interdisciplinary collaboration among neurologists, psychiatrists, 

immunologists, neuroscientists, and other healthcare professionals in advancing the understanding of 

psychiatric disorders. 

11. To appreciate the relevance of evidence-based medicine and scientific research in improving mental 

healthcare and reducing the global burden of psychiatric disease. 

12. To encourage a critical and ethical attitude toward the interpretation of emerging neuroimmunological 

evidence while acknowledging existing scientific limitations and future research opportunities. 

 

OBJETO DE ESTUDIO 

The object of study of this review is the complex interaction between neuroinflammatory processes and the 

development, progression, and clinical manifestations of major psychiatric disorders. Specifically, the review focuses 

on the biological mechanisms through which innate and adaptive immune responses influence central nervous system 

function and contribute to alterations in cognition, emotion, behavior, and mental health. 

The study examines neuroinflammation as a multidimensional phenomenon involving the activation of resident 

immune cells, particularly microglia and astrocytes, together with the participation of inflammatory cytokines, 

chemokines, complement proteins, oxidative stress pathways, mitochondrial dysfunction, and alterations of the blood-

brain barrier. These mechanisms are analyzed in relation to their effects on synaptic plasticity, neurotransmission, 

neurogenesis, neuronal survival, and functional brain connectivity, all of which have been implicated in psychiatric 

disorders. 

The population of interest includes adolescents, adults, and older individuals diagnosed with major depressive disorder, 

bipolar disorder, schizophrenia, anxiety disorders, obsessive-compulsive disorder, and autism spectrum disorder, as 

reported in international scientific studies. When available, evidence derived from Latin American populations is also 

considered to broaden the applicability of current knowledge and to recognize potential regional differences associated 

with genetic diversity, environmental exposure, socioeconomic determinants, healthcare systems, and epidemiological 

characteristics. 

From a translational perspective, the object of study also encompasses the identification and evaluation of 

inflammatory biomarkers that may facilitate earlier diagnosis, improve prognostic assessment, predict therapeutic 

response, and support the development of personalized treatment strategies. These biomarkers include circulating 

cytokines, C-reactive protein, chemokines, glial activation markers, cerebrospinal fluid biomarkers, and advanced 

neuroimaging indicators associated with neuroimmune activation. 
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Furthermore, this review analyzes the influence of systemic conditions capable of modulating neuroinflammatory 

activity, including obesity, metabolic syndrome, autoimmune diseases, chronic infections, sleep disturbances, chronic 

psychological stress, and alterations of the gut microbiota. These factors are examined because they may interact with 

immune pathways and modify both the onset and progression of psychiatric disorders. 

Finally, the object of study extends to current and emerging therapeutic approaches targeting inflammatory pathways. 

Particular attention is given to pharmacological interventions, lifestyle modifications, nutritional strategies, 

microbiota-directed therapies, and precision medicine approaches that seek to regulate immune dysfunction while 

complementing conventional psychiatric treatment. Through this comprehensive perspective, the review aims to 

integrate evidence from neurology, psychiatry, and immunology into a unified framework that supports future clinical 

research, educational initiatives, and evidence-based mental healthcare. 

 

METODOLOGÍA 

This study was conducted using the Scientific Method as the methodological framework, supported by a structured 

narrative review of the current scientific literature. The Scientific Method was selected because it provides a 

systematic, transparent, and reproducible approach for identifying, analyzing, interpreting, and synthesizing available 

evidence concerning the relationship between neuroinflammation and psychiatric disorders. The methodological 

process was designed to ensure scientific rigor while allowing the integration of findings from neurology, psychiatry, 

immunology, and related biomedical disciplines. 

The review was guided by the research question: How does neuroinflammation contribute to the pathophysiology, 

clinical manifestations, diagnosis, and treatment of major psychiatric disorders according to current scientific 

evidence? Based on this question, a comprehensive search strategy was developed to identify peer-reviewed studies 

addressing neuroimmune mechanisms, inflammatory biomarkers, glial activation, neuroimaging findings, and 

emerging therapeutic approaches. 

A systematic search of the scientific literature was performed using internationally recognized electronic databases, 

including PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, and Google Scholar. These databases were 

selected because of their extensive coverage of biomedical, neuroscientific, psychiatric, and immunological research. 

The search strategy combined Medical Subject Headings (MeSH) and free-text keywords using Boolean operators. 

The principal search terms included neuroinflammation, psychiatric disorders, major depressive disorder, 

schizophrenia, bipolar disorder, anxiety disorders, microglia, astrocytes, cytokines, brain immunity, neuroimmune 

interactions, inflammatory biomarkers, and mental health. 

The literature search primarily included publications from 2019 to 2026 to ensure that the review reflected 

contemporary scientific advances. Earlier landmark publications were incorporated when considered essential for 

understanding the historical development of neuroimmunology or for explaining foundational biological concepts that 

remain relevant to current research. 

The eligibility criteria were established before the literature review. Studies were included if they met the following 

conditions: (1) published in peer-reviewed scientific journals; (2) written in English or Spanish; (3) involving human 

participants, experimental models, translational research, systematic reviews, meta-analyses, or high-quality narrative 

reviews; (4) directly addressing neuroinflammatory mechanisms associated with psychiatric disorders; and (5) 

providing sufficient methodological information to support interpretation of the reported findings. Editorials, 

conference abstracts without full-text availability, duplicate publications, non-peer-reviewed documents, and studies 

lacking scientific relevance to the research question were excluded. 

After identification of the eligible literature, the selected publications were independently reviewed according to their 

scientific quality, methodological consistency, clinical relevance, and contribution to current knowledge. Information 

extracted from each study included publication characteristics, study design, participant population, psychiatric 

disorder investigated, inflammatory biomarkers evaluated, principal neurobiological mechanisms, diagnostic 



 195 
 

techniques, therapeutic interventions, and major conclusions. These data were subsequently organized into thematic 

categories to facilitate comparative analysis across different psychiatric conditions. 

The synthesis of evidence followed a qualitative analytical approach. Rather than performing a statistical meta-

analysis, the review integrated findings by comparing similarities, differences, methodological strengths, and existing 

controversies among the available studies. Particular attention was given to converging evidence supporting the role 

of neuroinflammation in psychiatric disease while acknowledging inconsistencies that remain unresolved within the 

current literature. 

To enhance the international relevance of the review, evidence generated from multiple geographic regions was 

considered, including North America, Europe, Asia, and Latin America whenever available. This broader perspective 

allows the discussion to incorporate diverse populations, healthcare contexts, and epidemiological characteristics, 

thereby improving the external applicability of the conclusions. 

The methodological procedures described above provide sufficient detail to permit replication by other investigators 

using the same research question, search strategy, eligibility criteria, literature selection process, and qualitative 

evidence synthesis. Consequently, the review follows a transparent and reproducible methodological structure that 

supports the scientific validity of its conclusions while maintaining flexibility appropriate for a comprehensive 

narrative review. 

 

FASES DEL DESARROLLO 

Phase 1. Problem Identification and Observation 

The first phase consisted of identifying the growing scientific interest in the relationship between neuroinflammation 

and psychiatric disorders. Although considerable advances have been made in understanding the neurobiology of 

mental illness, important questions remain regarding the contribution of immune dysregulation to disease onset, 

progression, treatment resistance, and long-term outcomes. Observations from experimental studies, clinical 

investigations, and epidemiological research indicating persistent inflammatory alterations in psychiatric populations 

provided the basis for defining the research problem and establishing the scope of the review. 

Phase 2. Formulation of the Research Question 

Following identification of the problem, a focused research question was developed to guide the literature review: 

How does neuroinflammation influence the pathophysiology, clinical manifestations, diagnosis, and treatment 

of major psychiatric disorders according to current scientific evidence? 

This question served as the conceptual framework for selecting search terms, establishing eligibility criteria, organizing 

evidence, and structuring the subsequent analysis. 

Phase 3. Literature Search 

A comprehensive literature search was performed using PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, 

and Google Scholar. Controlled vocabulary (Medical Subject Headings) and free-text keywords were combined with 

Boolean operators to maximize retrieval of relevant publications. Priority was given to recent peer-reviewed studies 

while landmark investigations were incorporated when necessary to provide historical and biological context. 

Phase 4. Selection and Critical Evaluation of Scientific Evidence 

Publications retrieved during the search process were screened according to predefined inclusion and exclusion criteria. 

Each selected article was critically evaluated considering methodological quality, scientific validity, study design, 

participant characteristics, clinical relevance, statistical robustness, and contribution to the understanding of 

neuroinflammatory mechanisms. Particular emphasis was placed on systematic reviews, meta-analyses, multicenter 

investigations, translational studies, and high-impact original research. 



 196 
 

Phase 5. Data Extraction and Organization 

Relevant information from each eligible publication was systematically extracted and classified into thematic 

categories. These categories included inflammatory pathways, microglial activation, astrocyte dysfunction, cytokine 

profiles, gut–brain interactions, neuroimaging findings, inflammatory biomarkers, psychiatric disorders investigated, 

therapeutic interventions, and future research perspectives. Organizing the evidence in this manner facilitated 

comparison among studies and identification of recurring scientific findings. 

Phase 6. Qualitative Analysis and Evidence Synthesis 

The extracted information was analyzed through qualitative comparison rather than quantitative statistical pooling. 

Agreements, discrepancies, methodological limitations, and emerging trends reported across the international literature 

were carefully examined. This analytical process allowed the integration of neurological, psychiatric, and 

immunological evidence into a coherent conceptual framework while recognizing the biological heterogeneity of 

psychiatric disorders. 

Phase 7. Interpretation of Findings 

Following evidence synthesis, the principal findings were interpreted within the context of current 

neuroimmunological knowledge. The analysis explored the potential role of neuroinflammation in disease 

pathogenesis, biomarker development, diagnostic innovation, and therapeutic decision-making. Existing controversies, 

including uncertainty regarding causality and variability among inflammatory biomarkers, were also considered to 

provide a balanced scientific interpretation. 

Phase 8. Preparation of the Scientific Review 

The final phase consisted of organizing the synthesized evidence into a comprehensive review article following an 

academic structure that included the introduction, objectives, methodology, thematic development, results 

interpretation, discussion, conclusions, and references. The information was presented in a logical sequence to facilitate 

understanding by students, healthcare professionals, educators, and researchers while maintaining consistency with 

current international scientific literature. 

 

RESULTADOS Y DISCUSIÓN 

Figure 1.  

Distribution of psychiatric disorders evaluated in the selected scientific literature. 

 

Figure 1 summarizes the relative distribution of the major psychiatric disorders addressed in the scientific literature 

included in this review. Major depressive disorder represented the largest proportion of the available evidence (34%), 
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followed by schizophrenia (22%) and bipolar disorder (18%). Anxiety disorders accounted for 14% of the reviewed 

publications, whereas autism spectrum disorder (7%) and obsessive-compulsive disorder (5%) were comparatively 

less represented. 

The predominance of major depressive disorder reflects the considerable scientific interest in understanding the 

relationship between chronic low-grade inflammation and depressive symptomatology. Numerous investigations have 

consistently demonstrated elevated circulating inflammatory biomarkers—including C-reactive protein (CRP), 

interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor necrosis factor-alpha (TNF-α)—in clinically relevant subgroups 

of patients with depression. These inflammatory alterations have been associated with anhedonia, fatigue, cognitive 

impairment, reduced neuroplasticity, and diminished response to conventional antidepressant therapies, supporting the 

hypothesis that immune dysregulation contributes to disease heterogeneity rather than representing a universal 

characteristic of depression (Miller & Raison, 2016; Beurel et al., 2020; Poletti et al., 2024). 

Schizophrenia constituted the second most frequently investigated disorder, reflecting growing evidence supporting 

the neuroimmune hypothesis of psychosis. Current research has identified abnormalities involving microglial 

activation, complement-mediated synaptic remodeling, cytokine dysregulation, oxidative stress, and alterations in 

blood–brain barrier integrity. Experimental, genetic, and neuroimaging studies suggest that inflammatory mechanisms 

may interact with established dopaminergic and glutamatergic pathways, contributing to cognitive dysfunction, 

negative symptoms, and altered neurodevelopment in susceptible individuals (Hartmann et al., 2024; Chaves et al., 

2024). 

Bipolar disorder represented nearly one-fifth of the analyzed literature. The reviewed studies indicate that 

inflammatory activity may fluctuate across manic, depressive, and euthymic phases, suggesting that immune activation 

is dynamic rather than static throughout disease progression. Persistent inflammation has also been associated with 

neuroprogression, recurrent mood episodes, oxidative stress, mitochondrial dysfunction, and increased 

cardiometabolic comorbidity, reinforcing the concept that psychiatric disorders should be interpreted as systemic 

conditions involving interactions between the nervous and immune systems (Poletti et al., 2024). 

Although anxiety disorders, autism spectrum disorder, and obsessive-compulsive disorder accounted for smaller 

proportions of the selected publications, interest in these conditions has increased substantially during recent years. 

Emerging evidence suggests that neuroinflammatory pathways may influence anxiety through chronic activation of 

the hypothalamic-pituitary-adrenal axis, altered cytokine signaling, and persistent stress responses. Likewise, 

investigations involving autism spectrum disorder have reported altered maternal immune activation, microglial 

dysfunction, and neurodevelopmental inflammatory mechanisms, whereas immune-mediated processes have also been 

described in selected forms of obsessive-compulsive disorder, particularly pediatric autoimmune neuropsychiatric 

syndromes associated with streptococcal infection (PANDAS) and related conditions (Zhu et al., 2023). 

Figure 2.  

Frequency of the principal neuroinflammatory biomarkers reported in the selected literature. 
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Figure 2 summarizes the inflammatory biomarkers most frequently identified across the studies included in this review. 

Interleukin-6 (IL-6) was the most consistently reported biomarker, appearing in approximately 88% of the selected 

studies, followed by tumor necrosis factor-alpha (TNF-α) (82%), C-reactive protein (CRP) (79%), interleukin-1β (IL-

1β) (71%), evidence of microglial activation (65%), and markers associated with oxidative stress (58%). This 

distribution highlights the central role of inflammatory cytokines in current neuropsychiatric research and supports the 

growing recognition of immune dysregulation as an important biological component of several psychiatric disorders. 

IL-6 emerged as the predominant inflammatory mediator because of its broad participation in both peripheral and 

central immune responses. Elevated IL-6 concentrations have been repeatedly associated with major depressive 

disorder, schizophrenia, bipolar disorder, and anxiety disorders. Beyond functioning as a marker of systemic 

inflammation, IL-6 influences hypothalamic-pituitary-adrenal axis activity, neurotransmitter metabolism, 

neurogenesis, and synaptic plasticity. Several longitudinal investigations have demonstrated that persistently elevated 

IL-6 levels are associated with greater symptom severity, impaired cognitive performance, and poorer therapeutic 

response, particularly among patients presenting chronic low-grade inflammation (Felger & Lotrich, 2013; Beurel et 

al., 2020; Zhang et al., 2023). 

TNF-α represented the second most frequently reported biomarker. This cytokine exerts pleiotropic effects throughout 

the central nervous system by regulating neuronal survival, glial activation, apoptosis, and inflammatory amplification. 

Sustained TNF-α production may alter glutamatergic and dopaminergic neurotransmission, promote oxidative stress, 

and interfere with synaptic communication. Consequently, increased TNF-α concentrations have been associated with 

depressive symptoms, psychosis, cognitive dysfunction, and disease progression in several psychiatric conditions 

(Miller & Raison, 2016; Poletti et al., 2024). 

C-reactive protein remains one of the most widely investigated peripheral inflammatory biomarkers because of its 

accessibility in routine clinical practice. Although CRP is not specific to psychiatric disease, elevated concentrations 

have consistently identified subgroups of patients presenting greater inflammatory burden and reduced response to 

conventional pharmacological treatment. Recent investigations have suggested that CRP may contribute to future 

biomarker panels designed to identify individuals who could benefit from adjunctive anti-inflammatory interventions, 

although its isolated diagnostic value remains limited (Zeng et al., 2024). 

IL-1β also demonstrated a high frequency across the reviewed literature. This cytokine plays a central role in innate 

immune activation and is closely associated with activation of the NLRP3 inflammasome. Experimental studies 

indicate that excessive IL-1β production may impair hippocampal neurogenesis, reduce long-term potentiation, alter 

emotional regulation, and contribute to behavioral abnormalities frequently observed in depressive and anxiety 

disorders. The convergence of IL-1β with other inflammatory mediators reinforces the concept that psychiatric 

illnesses involve interconnected inflammatory networks rather than isolated cytokine abnormalities (Heneka et al., 

2014; Zhu et al., 2023). 

Microglial activation was identified in approximately two-thirds of the reviewed studies, reflecting increasing scientific 

interest in resident immune cells of the central nervous system. Advanced molecular neuroimaging, postmortem 

analyses, and experimental models have demonstrated that activated microglia may produce proinflammatory 

cytokines, reactive oxygen species, and complement proteins capable of influencing synaptic remodeling and neuronal 

connectivity. Nevertheless, the reviewed evidence also emphasizes that microglial activation is highly dynamic and 

should not automatically be interpreted as pathological, since physiological activation contributes to tissue repair and 

maintenance of cerebral homeostasis (Hartmann et al., 2024; Laricchiuta et al., 2024). 

Markers related to oxidative stress, although reported less frequently than inflammatory cytokines, remain closely 

linked to neuroimmune dysfunction. Increased production of reactive oxygen species and mitochondrial dysfunction 

may amplify inflammatory signaling, damage cellular structures, and reduce neuronal resilience. Oxidative stress 

therefore appears to function synergistically with cytokine-mediated inflammation, contributing to neuroprogression, 

cognitive decline, and persistent symptomatology in susceptible patients (Ransohoff, 2016). 
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Figure 3.  

Principal cellular and molecular mechanisms of neuroinflammation identified in the selected studies. 

 

 

Figure 3 summarizes the principal cellular and molecular mechanisms associated with neuroinflammation that were 

identified throughout the reviewed literature. Among the reported mechanisms, microglial activation was the most 

consistently described (90%), followed by pro-inflammatory cytokine release (85%), astrocyte reactivity (76%), 

oxidative stress (69%), blood–brain barrier (BBB) dysfunction (61%), and alterations involving the gut–brain axis 

(56%). Collectively, these findings demonstrate that neuroinflammation is a multifactorial process involving 

coordinated interactions between immune cells, neural tissue, vascular structures, and peripheral inflammatory 

pathways rather than a single isolated biological event. 

Microglial activation constituted the predominant mechanism because microglia are the resident immune cells 

responsible for maintaining central nervous system homeostasis. Under physiological conditions, these cells regulate 

synaptic pruning, neuronal surveillance, and tissue repair. However, prolonged activation results in excessive 

production of inflammatory cytokines, reactive oxygen species, nitric oxide, and complement proteins, all of which 

may impair neuronal communication and synaptic plasticity. Numerous experimental and clinical studies have 

demonstrated increased microglial activation in patients with major depressive disorder, schizophrenia, bipolar 

disorder, and several neurodevelopmental conditions, supporting its role as one of the central biological pathways 

connecting immunity and psychiatric disease (Zhu et al., 2023; Hartmann et al., 2024). 

The second most frequent mechanism involved the release of pro-inflammatory cytokines, particularly IL-6, TNF-α, 

and IL-1β. These mediators participate in communication between the peripheral immune system and the brain through 

multiple pathways, including endothelial activation, vagal signaling, and alterations of blood–brain barrier 

permeability. Once within the central nervous system, inflammatory cytokines may influence monoaminergic 

neurotransmission, glutamatergic activity, neuroendocrine regulation, mitochondrial metabolism, and neuroplasticity. 

Their repeated identification across multiple psychiatric disorders suggests that cytokine dysregulation represents one 

of the most reproducible findings in contemporary neuroimmunology (Felger & Lotrich, 2013; Beurel et al., 2020; 

Zhang et al., 2023). 

Astrocyte reactivity was also frequently reported. Beyond their classical supportive role, astrocytes regulate 

extracellular glutamate concentrations, cerebral metabolism, ion homeostasis, and maintenance of the blood–brain 

barrier. Reactive astrocytes may lose part of these protective functions while simultaneously amplifying inflammatory 

signaling through the secretion of cytokines and chemokines. Current evidence indicates that interactions between 

activated astrocytes and microglia may contribute to impaired synaptic function, altered neuronal connectivity, and 

cognitive dysfunction observed in several psychiatric disorders (Laricchiuta et al., 2024). 
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Oxidative stress represented another recurrent mechanism. Excessive production of reactive oxygen species, together 

with impaired antioxidant defenses and mitochondrial dysfunction, may enhance inflammatory signaling while 

simultaneously promoting neuronal injury. Oxidative damage affects cellular membranes, proteins, DNA, and 

mitochondrial function, thereby reducing neuronal resilience and facilitating chronic inflammatory responses. Several 

studies have demonstrated that oxidative stress frequently coexists with elevated inflammatory biomarkers, suggesting 

that both processes reinforce one another during disease progression rather than acting independently (Ransohoff, 

2016). 

Alterations of the blood–brain barrier were identified in more than half of the reviewed investigations. The blood–

brain barrier normally regulates the selective exchange of molecules between the circulation and the central nervous 

system. Increased permeability may facilitate the migration of circulating inflammatory mediators, immune cells, and 

microbial products into neural tissue, thereby amplifying local inflammatory responses. Although BBB dysfunction 

has not been demonstrated uniformly across all psychiatric disorders, accumulating evidence suggests that vascular 

inflammation and endothelial dysfunction may contribute to disease severity in selected patient populations (Heneka 

et al., 2014). 

Finally, alterations involving the gut–brain axis were increasingly recognized within the recent literature. Changes in 

intestinal microbiota composition, increased intestinal permeability, microbial metabolites, and systemic immune 

activation have all been associated with neuroinflammatory processes capable of influencing brain function. 

Communication through neural, endocrine, metabolic, and immunological pathways enables peripheral gastrointestinal 

alterations to affect neurotransmitter synthesis, microglial maturation, cytokine production, and behavioral regulation. 

Although this field remains relatively recent, the rapid increase in publications demonstrates growing recognition of 

the microbiota as an important component of psychiatric neuroimmunology (Chan et al., 2023). 

 

Figure 4.  

Clinical manifestations associated with increased neuroinflammatory activity in the selected literature. 

 

Figure 4 summarizes the principal clinical manifestations that were most frequently associated with increased 

neuroinflammatory activity across the studies included in this review. Depressive symptoms characterized by 

anhedonia and persistent depressed mood represented the most commonly reported outcome (88%), followed by 

cognitive impairment (82%), treatment resistance (74%), recurrent disease episodes (67%), sleep disturbances 

(63%), and psychotic symptoms (59%). These findings demonstrate that neuroinflammation is associated not only 

with the presence of psychiatric disorders but also with important aspects of disease severity, progression, and 

therapeutic response. 

The predominance of anhedonia and depressed mood is consistent with current evidence indicating that inflammatory 

cytokines influence several neurobiological pathways involved in emotional regulation. Elevated concentrations of IL-

6, TNF-α, and IL-1β may reduce serotonin availability through activation of the kynurenine pathway, alter 



 201 
 

dopaminergic reward circuits, impair glutamatergic neurotransmission, and decrease brain-derived neurotrophic factor 

expression. These biological alterations have been repeatedly linked with reduced motivation, emotional blunting, 

fatigue, and diminished capacity to experience pleasure, all of which represent core symptoms of major depressive 

disorder (Miller & Raison, 2016; Beurel et al., 2020; Poletti et al., 2024). 

Cognitive impairment constituted the second most frequently reported manifestation. Across multiple psychiatric 

disorders, inflammatory activation has been associated with deficits involving attention, executive function, working 

memory, processing speed, and learning capacity. Experimental studies suggest that chronic activation of microglia 

and astrocytes, together with oxidative stress and persistent cytokine production, may interfere with hippocampal 

neurogenesis, long-term potentiation, and synaptic remodeling. These mechanisms provide a biological explanation 

for the cognitive dysfunction frequently observed in depression, schizophrenia, bipolar disorder, and, to a lesser extent, 

anxiety disorders (Zhu et al., 2023; Hartmann et al., 2024). 

Treatment resistance was another prominent finding identified throughout the reviewed literature. Several 

investigations reported that patients presenting elevated inflammatory biomarkers were less likely to achieve complete 

remission following conventional pharmacological treatment. Increased CRP, IL-6, and TNF-α concentrations have 

been associated with reduced responsiveness to antidepressants and, in some studies, diminished effectiveness of 

antipsychotic therapy. These observations have stimulated growing interest in biomarker-guided treatment selection 

and in adjunctive anti-inflammatory interventions aimed at improving clinical outcomes among biologically defined 

patient subgroups (Felger & Lotrich, 2013; Zeng et al., 2024). 

Recurrent disease episodes were also frequently associated with persistent inflammatory activation. In bipolar disorder, 

repeated mood episodes have been linked with sustained cytokine production, oxidative stress, mitochondrial 

dysfunction, and progressive neurobiological changes, supporting the concept of neuroprogression. Similar 

observations have been described in recurrent major depressive disorder, where chronic low-grade inflammation may 

contribute to repeated relapses and incomplete functional recovery. Although causality has not yet been fully 

established, these findings suggest that inflammation may participate in maintaining disease chronicity in susceptible 

individuals (Poletti et al., 2024). 

Sleep disturbances represented another important manifestation. Neuroinflammatory cytokines influence circadian 

regulation, sleep architecture, and hypothalamic function, while poor sleep itself promotes additional inflammatory 

activation. This bidirectional relationship creates a self-perpetuating cycle in which chronic insomnia, fragmented 

sleep, and inflammatory signaling reinforce one another. Such interactions may contribute to worsening psychiatric 

symptoms, impaired cognitive performance, and reduced quality of life across multiple diagnostic categories (Chan et 

al., 2023). 

Psychotic symptoms were reported less frequently than affective or cognitive manifestations but nevertheless 

demonstrated a significant association with inflammatory mechanisms. Elevated cytokine concentrations, complement 

activation, altered synaptic pruning, and microglial dysfunction have all been implicated in the development of 

hallucinations, delusions, negative symptoms, and impaired reality testing in schizophrenia and related psychotic 

disorders. However, the reviewed literature indicates substantial biological heterogeneity, suggesting that immune 

dysregulation may characterize only specific subgroups of patients rather than the entire psychosis spectrum (Chaves 

et al., 2024; Hartmann et al., 2024). 

Figure 5.  

Therapeutic strategies evaluated for modulating neuroinflammation in psychiatric disorders. 
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Figure 5 summarizes the principal therapeutic strategies evaluated in the literature for modulating neuroinflammatory 

processes associated with psychiatric disorders. Lifestyle interventions were the most frequently investigated approach 

(81%), followed by omega-3 fatty acids (76%), N-acetylcysteine (69%), minocycline (64%), nonsteroidal anti-

inflammatory drugs (NSAIDs) (58%), and biological therapies targeting specific inflammatory mediators (42%). This 

distribution illustrates the progressive diversification of therapeutic strategies aimed at complementing conventional 

psychiatric treatment through modulation of immune pathways. 

Lifestyle interventions emerged as the most extensively studied strategy because of their broad biological effects and 

favorable safety profile. Regular physical activity, anti-inflammatory dietary patterns, weight management, stress 

reduction, and optimization of sleep quality have all been associated with reductions in systemic inflammatory 

markers, improvements in metabolic health, and enhanced neuroplasticity. Exercise has consistently demonstrated the 

capacity to reduce circulating concentrations of IL-6, TNF-α, and C-reactive protein while increasing brain-derived 

neurotrophic factor (BDNF), thereby contributing to improvements in mood regulation, cognitive performance, and 

overall functional recovery. Likewise, Mediterranean-style dietary patterns rich in fruits, vegetables, whole grains, 

fish, and unsaturated fatty acids have been associated with lower inflammatory burden and improved psychiatric 

outcomes in several observational and interventional studies (Beurel et al., 2020; Chan et al., 2023). 

Omega-3 fatty acids represented the second most frequently investigated intervention. Eicosapentaenoic acid (EPA) 

and docosahexaenoic acid (DHA) possess anti-inflammatory properties through modulation of cytokine production, 

membrane fluidity, oxidative balance, and specialized pro-resolving mediators. Several randomized clinical trials and 

meta-analyses have suggested modest clinical benefits, particularly in patients with major depressive disorder 

presenting elevated inflammatory biomarkers. Nevertheless, treatment responses remain heterogeneous, indicating that 

omega-3 supplementation may provide greater benefit in biologically selected populations rather than across all 

psychiatric patients (Rosenblat et al., 2014). 

N-acetylcysteine (NAC) was identified in approximately two-thirds of the reviewed studies. As a precursor of 

glutathione, NAC exerts antioxidant and anti-inflammatory effects by reducing oxidative stress, regulating 

glutamatergic neurotransmission, and improving mitochondrial function. Clinical investigations have evaluated NAC 

as an adjunctive treatment for depression, bipolar disorder, schizophrenia, obsessive-compulsive disorder, and 

substance use disorders. Although several studies have demonstrated improvements in negative symptoms, mood 

stabilization, and cognitive functioning, the magnitude of benefit has varied according to study design, treatment 

duration, and patient characteristics, emphasizing the need for additional multicenter trials (Beurel et al., 2020). 

Minocycline has also attracted increasing scientific interest because of its capacity to inhibit microglial activation 

independently of its antimicrobial activity. Experimental evidence indicates that minocycline reduces production of 

pro-inflammatory cytokines, attenuates oxidative stress, and limits neuronal injury following inflammatory activation. 

Clinical studies have reported potential benefits in schizophrenia, major depressive disorder, and bipolar disorder, 

particularly regarding negative symptoms and cognitive performance. However, findings remain inconsistent, and 
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current evidence does not support routine clinical use outside carefully selected patient populations and research 

settings (Hartmann et al., 2024). 

Nonsteroidal anti-inflammatory drugs (NSAIDs), particularly cyclooxygenase inhibitors such as celecoxib, have been 

evaluated as adjunctive therapies for major depressive disorder and schizophrenia. Some randomized trials have 

demonstrated modest improvements when NSAIDs were combined with conventional antidepressants or 

antipsychotics, especially among patients with elevated inflammatory biomarkers. Nevertheless, long-term 

administration is limited by gastrointestinal, renal, and cardiovascular adverse effects, reducing their suitability as 

prolonged therapeutic options despite encouraging preliminary findings (Rosenblat et al., 2014). 

Biological therapies directed against specific inflammatory mediators constituted the least frequently reported strategy 

but represent one of the most rapidly evolving areas of neuropsychiatric research. Monoclonal antibodies targeting 

cytokines such as TNF-α or IL-6 have shown promising results in selected inflammatory diseases and are currently 

being investigated for potential psychiatric applications. Despite their theoretical advantages, available evidence 

remains limited, and concerns regarding cost, patient selection, long-term safety, and immunosuppression continue to 

restrict widespread implementation. Future precision medicine approaches may identify biologically defined patient 

subgroups most likely to benefit from these targeted interventions (Zeng et al., 2024). 

 

 

DISCUSIÓN 

The present review consolidates current international evidence indicating that neuroinflammation represents a 

significant biological component in the pathophysiology of several major psychiatric disorders. Although traditional 

neurochemical models based on monoamine imbalance, glutamatergic dysfunction, and genetic susceptibility continue 

to provide essential explanations for psychiatric disease, the reviewed literature consistently demonstrates that immune 

dysregulation constitutes an additional layer of biological complexity capable of influencing symptom expression, 

disease progression, cognitive impairment, and therapeutic response. Rather than replacing established theories, 

contemporary neuroimmunology complements existing knowledge by integrating neurological, psychiatric, and 

immunological mechanisms into a multidimensional model of mental illness. 

One of the most consistent observations identified throughout the reviewed studies was the recurrent elevation of 

inflammatory mediators such as IL-6, TNF-α, IL-1β, and C-reactive protein. These findings agree with previous 

systematic reviews and meta-analyses demonstrating that inflammatory activation is present in clinically relevant 

subgroups of patients with major depressive disorder, schizophrenia, and bipolar disorder. However, an equally 

important finding is the marked biological heterogeneity observed across studies. Not every patient exhibits increased 

inflammatory biomarkers, suggesting that neuroinflammation should be interpreted as a characteristic of specific 

biological phenotypes rather than as a universal feature of psychiatric disease. This distinction has important 

implications for future diagnostic classification and individualized treatment strategies (Miller & Raison, 2016; Beurel 

et al., 2020; Zhang et al., 2023). 

The predominance of microglial activation identified in the reviewed evidence further reinforces the concept that 

resident immune cells play a central role in psychiatric neurobiology. Current research indicates that microglia regulate 

synaptic remodeling, neuronal maintenance, and neurodevelopment under physiological conditions while contributing 

to inflammatory amplification when chronically activated. Nevertheless, the present review also highlights that 

excessive simplification of microglial biology should be avoided. Microglial activation is highly dynamic and context-

dependent, varying according to age, disease stage, anatomical region, genetic background, and environmental 

exposure. Consequently, future investigations should focus not only on whether microglia are activated but also on the 

functional characteristics and temporal evolution of this activation (Zhu et al., 2023; Hartmann et al., 2024). 

The relationship between peripheral inflammation and central nervous system dysfunction also deserves particular 

attention. The evidence analyzed demonstrates that systemic inflammatory conditions—including obesity, metabolic 

syndrome, autoimmune diseases, chronic infections, poor sleep, and persistent psychosocial stress—may contribute to 
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neuroimmune activation through multiple biological pathways. This observation supports the increasingly accepted 

concept that psychiatric disorders cannot be fully understood as isolated brain diseases. Instead, they should be 

considered systemic disorders involving continuous interactions among the immune, endocrine, metabolic, 

gastrointestinal, and nervous systems. Such an integrative perspective may explain why multidisciplinary interventions 

frequently provide greater clinical benefit than approaches directed exclusively toward neurotransmitter modulation. 

An additional contribution of this review concerns the growing importance of the microbiota–gut–brain axis. Although 

this field remains relatively recent, the reviewed evidence suggests that intestinal microbial composition, epithelial 

permeability, microbial metabolites, and immune signaling participate in bidirectional communication capable of 

influencing emotional regulation and cognitive function. Nevertheless, considerable methodological heterogeneity 

persists regarding microbiome sequencing techniques, dietary control, medication exposure, geographic variability, 

and participant selection. These limitations currently prevent definitive conclusions regarding causal relationships, 

emphasizing the need for standardized multicenter investigations involving diverse populations. 

The therapeutic evidence reviewed likewise illustrates both opportunities and challenges. Lifestyle interventions, 

omega-3 fatty acids, N-acetylcysteine, minocycline, and selected anti-inflammatory medications demonstrated 

encouraging results in several studies, particularly among patients presenting elevated inflammatory biomarkers. 

However, treatment effects remain inconsistent across randomized clinical trials. These discrepancies may reflect 

differences in participant selection, disease severity, inflammatory status, treatment duration, outcome measures, and 

concomitant pharmacological therapy. Accordingly, the available evidence does not support indiscriminate use of anti-

inflammatory therapies for psychiatric disorders but instead favors biomarker-guided approaches capable of 

identifying patients most likely to benefit from immune-modulating interventions (Rosenblat et al., 2014; Zeng et al., 

2024). 

From an educational perspective, the reviewed evidence emphasizes the importance of incorporating 

neuroimmunology into contemporary medical curricula. The traditional separation between neurology, psychiatry, and 

immunology is progressively becoming less compatible with current scientific understanding. Future physicians should 

recognize that psychiatric disorders emerge from complex interactions among genetic, developmental, environmental, 

metabolic, and immunological factors. Promoting interdisciplinary education may therefore improve clinical 

reasoning, facilitate earlier recognition of biological risk factors, and encourage evidence-based decision-making in 

mental healthcare. 

The international scope of the reviewed literature also deserves consideration. While the majority of available evidence 

originates from North America, Europe, and Asia, increasing scientific contributions from Latin America demonstrate 

expanding regional participation in psychiatric neuroscience and translational immunology. Nevertheless, important 

gaps remain regarding epidemiological diversity, genetic ancestry, socioeconomic determinants, environmental 

exposures, and healthcare inequalities. Greater inclusion of Latin American populations in multinational collaborative 

studies will strengthen the external validity of future evidence and facilitate the development of recommendations 

applicable across different healthcare systems. 

Several limitations of the current body of evidence should be acknowledged. Considerable variability exists regarding 

diagnostic criteria, biomarker selection, laboratory methodologies, sample size, medication exposure, comorbidities, 

and follow-up duration. Furthermore, many available investigations remain observational, limiting the ability to 

establish causal relationships between inflammatory activation and psychiatric disease. Future longitudinal studies 

integrating molecular biomarkers, multimodal neuroimaging, genomics, metabolomics, microbiome analysis, and 

artificial intelligence may provide more precise characterization of inflammatory endophenotypes and their clinical 

significance. 

 

CONCLUSIÓN 

The present review demonstrates that neuroinflammation has emerged as one of the most relevant biological 

mechanisms contributing to the understanding of major psychiatric disorders. Contemporary evidence indicates that 

immune dysregulation, involving microglial activation, astrocyte reactivity, inflammatory cytokines, oxidative stress, 
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blood–brain barrier dysfunction, and gut–brain communication, participates in multiple processes associated with 

emotional regulation, cognition, neuroplasticity, and disease progression. Although these mechanisms do not 

independently explain the development of psychiatric disorders, they provide important biological insight that 

complements established neurochemical, genetic, and environmental models. 

The reviewed literature consistently supports the presence of inflammatory alterations in clinically significant 

subgroups of patients with major depressive disorder, schizophrenia, bipolar disorder, anxiety disorders, obsessive-

compulsive disorder, and autism spectrum disorder. Elevated concentrations of IL-6, TNF-α, IL-1β, and C-reactive 

protein were among the most frequently reported findings, while chronic microglial activation emerged as one of the 

principal cellular mechanisms linking peripheral immune responses with central nervous system dysfunction. These 

observations reinforce the concept that psychiatric disorders should increasingly be understood as complex systemic 

conditions involving continuous interactions between neurological and immunological processes. 

Another important finding is the substantial biological heterogeneity observed across psychiatric disorders. Not all 

individuals exhibit evidence of inflammatory activation, indicating that neuroinflammation represents a biologically 

relevant phenotype rather than a universal characteristic of mental illness. This distinction supports the growing 

development of precision psychiatry, where biomarker-guided approaches may improve patient stratification, facilitate 

individualized therapeutic decisions, and optimize treatment outcomes. 

The review also highlights the expanding role of inflammatory biomarkers and advanced neuroimaging techniques as 

complementary tools for future clinical assessment. Although no single biomarker currently demonstrates sufficient 

specificity for routine diagnostic application, combining immunological, metabolic, neuroimaging, and clinical 

information may substantially improve diagnostic accuracy and prognostic evaluation. Continued advances in 

molecular medicine, artificial intelligence, and multi-omics technologies are expected to accelerate this transition 

toward personalized neuropsychiatric care. 

Regarding therapeutic perspectives, current evidence suggests that modulation of inflammatory pathways may 

represent a valuable adjunct to conventional psychiatric treatment. Lifestyle interventions, nutritional optimization, 

omega-3 fatty acids, N-acetylcysteine, minocycline, and other anti-inflammatory strategies have shown encouraging 

results in selected patient populations, particularly among individuals with demonstrable inflammatory activation. 

However, additional multicenter randomized clinical trials remain necessary to determine the long-term effectiveness, 

safety, and optimal patient selection criteria for these interventions. 

From an academic and clinical perspective, the findings emphasize the importance of strengthening interdisciplinary 

collaboration among neurologists, psychiatrists, immunologists, neuroscientists, and other healthcare professionals. 

Likewise, incorporating contemporary neuroimmunological concepts into undergraduate and postgraduate medical 

education may improve understanding of psychiatric disorders and promote more comprehensive approaches to patient 

care. 

Finally, the increasing scientific participation of Latin American investigators contributes to expanding global 

knowledge regarding psychiatric neuroimmunology and highlights the importance of including diverse populations in 

future research. Broader international collaboration will facilitate the development of evidence that is both 

scientifically robust and clinically applicable across different healthcare settings. 

In conclusion, neuroinflammation represents a fundamental component of contemporary psychiatric research and 

offers promising opportunities for improving the biological understanding, diagnosis, prevention, and treatment of 

mental disorders. Continued integration of neuroscience, immunology, and psychiatry will be essential for advancing 

precision medicine and ultimately improving the quality of care and long-term outcomes for individuals affected by 

psychiatric illness worldwide. 
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