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RESUMEN 

La inmunosenescencia se ha consolidado como uno de los principales mecanismos biológicos 

que vinculan el envejecimiento con el desarrollo y la progresión de las enfermedades reumáticas 

autoinmunes. Más que representar una simple disminución de la función inmunitaria, el 
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envejecimiento induce una profunda remodelación de la inmunidad innata y adaptativa, 

caracterizada por inflamación crónica de bajo grado, pérdida de la tolerancia inmunológica, 

alteraciones mitocondriales, acortamiento telomérico, cambios epigenéticos y acumulación de 

células inmunitarias senescentes. El objetivo de esta revisión fue analizar la evidencia científica 

actual sobre los mecanismos mediante los cuales la inmunosenescencia modifica las 

enfermedades reumáticas autoinmunes, así como sus implicaciones clínicas, biomarcadores y 

estrategias terapéuticas emergentes. Se realizó una revisión narrativa de la literatura mediante el 

método científico utilizando publicaciones recuperadas de PubMed/MEDLINE, Scopus, Web of 

Science, ScienceDirect, SpringerLink, Nature, Frontiers y Wiley. La evidencia revisada mostró 

de forma consistente que la inflamación asociada al envejecimiento, la remodelación de la 

inmunidad adaptativa y la senescencia celular favorecen la progresión de la enfermedad, 

incrementan la susceptibilidad a infecciones, reducen la respuesta vacunal y contribuyen al 

desarrollo de complicaciones cardiovasculares, fragilidad, osteoporosis, sarcopenia y deterioro 

funcional. Aunque los biomarcadores inflamatorios convencionales continúan siendo 

ampliamente utilizados, existe un creciente interés por integrar tecnologías multiómicas, relojes 

epigenéticos, biomarcadores mitocondriales, proteómica, metabolómica e 

inmunofenotipificación celular para una evaluación más precisa del envejecimiento 

inmunológico. Las estrategias terapéuticas actuales continúan basándose en los fármacos 

modificadores de la enfermedad y los agentes biológicos, mientras que intervenciones 

emergentes, como los inhibidores de JAK, la modulación de mTOR, las terapias senolíticas, las 

estrategias dirigidas al microbioma y la medicina de precisión, representan alternativas 

prometedoras para el manejo individualizado. En conjunto, la inmunosenescencia debe 

considerarse un componente fundamental de las enfermedades reumáticas autoinmunes y una 

oportunidad para mejorar el diagnóstico, la estratificación del riesgo, la toma de decisiones 

terapéuticas y los resultados clínicos a largo plazo en poblaciones envejecidas. 
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ABSTRACT 

Immune senescence has emerged as one of the principal biological mechanisms linking aging with the development 

and progression of autoimmune rheumatic diseases. Rather than representing a simple decline in immune function, 

aging induces profound remodeling of both innate and adaptive immunity, characterized by chronic low-grade 

inflammation, loss of immune tolerance, impaired cellular regeneration, mitochondrial dysfunction, telomere 

shortening, epigenetic alterations, and expansion of senescent immune-cell populations. The objective of this review 

was to analyze current evidence regarding the mechanisms through which immune senescence reshapes autoimmune 

rheumatic diseases and to examine its clinical implications, biomarkers, and emerging therapeutic strategies. A 

narrative literature review was conducted using the scientific method and included publications retrieved from 

PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, SpringerLink, Nature, Frontiers, and Wiley. The 

evidence consistently demonstrated that inflammaging, adaptive immune remodeling, and cellular senescence 

contribute to disease progression, increased susceptibility to infections, reduced vaccine responsiveness, 

cardiovascular complications, frailty, osteoporosis, sarcopenia, and diminished functional capacity. Conventional 

inflammatory biomarkers remain widely used; however, increasing attention has been directed toward multi-omics 

technologies, epigenetic clocks, mitochondrial biomarkers, proteomics, metabolomics, and immune-cell phenotyping 

for more accurate assessment of biological immune aging. Current therapeutic approaches continue to rely on disease-

modifying antirheumatic drugs and biologic agents, while emerging interventions—including JAK inhibitors, mTOR 

modulation, senolytic therapies, microbiome-targeted strategies, and precision medicine—offer promising 

opportunities for future individualized management. Overall, immune senescence should be recognized as a 

fundamental component of autoimmune rheumatic diseases, providing important opportunities for improving 

diagnosis, risk stratification, therapeutic decision-making, and long-term clinical outcomes in aging populations. 
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INTRODUCCIÓN 

Population aging represents one of the most profound demographic transformations of the twenty-first century and has 

become a defining challenge for global healthcare systems. According to international demographic projections, the 

proportion of individuals aged 65 years and older will continue to increase substantially over the coming decades, 

accompanied by a parallel rise in chronic non-communicable diseases, frailty syndromes, and immune-mediated 

disorders. Although aging has traditionally been associated with a progressive decline in immune competence, 

contemporary evidence demonstrates that immune aging is not merely characterized by immunodeficiency but rather 

by a complex remodeling process involving both impaired protective immunity and persistent low-grade inflammation. 

This phenomenon, commonly referred to as immunosenescence, has emerged as a central biological mechanism 

linking aging with increased susceptibility to infections, malignancies, cardiovascular disease, and autoimmune 

disorders (Franceschi et al., 2018; Nikolich-Žugich, 2018; Fulop et al., 2018). 

The immune system undergoes extensive structural, functional, and molecular changes throughout the aging process. 

These alterations affect both innate and adaptive immunity, leading to thymic involution, reduced naïve T-cell 

production, accumulation of terminally differentiated lymphocytes, impaired B-cell diversity, dysfunctional antigen 

presentation, chronic activation of myeloid cells, mitochondrial dysfunction, telomere shortening, and epigenetic 

remodeling. Rather than representing isolated phenomena, these processes interact dynamically, creating an immune 

environment characterized by persistent inflammatory activation despite diminished antimicrobial and vaccine 

responses. Consequently, immunosenescence is now recognized as a multidimensional biological process that 

profoundly influences disease susceptibility, clinical progression, and therapeutic responses across multiple medical 

specialties (Aiello et al., 2019; Goronzy & Weyand, 2019; Luo et al., 2023). 

Closely associated with immunosenescence is the concept of inflammaging, defined as chronic, sterile, low-grade 

systemic inflammation that develops progressively with advancing age. Unlike acute inflammatory responses, 

inflammaging is sustained over decades through continuous activation of innate immune pathways, accumulation of 

senescent cells exhibiting the senescence-associated secretory phenotype (SASP), persistent antigenic stimulation, 

alterations in gut microbiota, mitochondrial stress, oxidative damage, and dysregulated metabolic signaling. This 

chronic inflammatory milieu contributes not only to tissue degeneration but also to the breakdown of immune 

tolerance, thereby facilitating the emergence and perpetuation of autoimmune diseases (Franceschi et al., 2018; Furman 

et al., 2019; Pezone et al., 2023). 

Among immune-mediated disorders, rheumatic diseases represent one of the clinical settings in which immune aging 

exerts particularly profound effects. Conditions such as rheumatoid arthritis, systemic lupus erythematosus, Sjögren 

syndrome, systemic sclerosis, giant cell arteritis, polymyalgia rheumatica, ANCA-associated vasculitis, psoriatic 

arthritis, and axial spondyloarthritis are characterized by varying degrees of immune dysregulation that often resemble 

or accelerate physiological aging of the immune system. Interestingly, several studies have demonstrated that patients 

with autoimmune rheumatic diseases exhibit features of premature immunosenescence years before chronological 

aging would be expected, including expansion of CD28-negative T cells, telomere erosion, defective regulatory T-cell 

activity, impaired immune surveillance, and chronic cytokine activation. These findings suggest that immune aging is 

not merely a consequence of chronic inflammation but may actively participate in disease initiation, progression, and 

organ damage (Weyand & Goronzy, 2020; Alsaleh et al., 2022). 

Rheumatic diseases are increasingly recognized as systemic disorders extending beyond musculoskeletal involvement. 

Persistent immune activation contributes to accelerated atherosclerosis, osteoporosis, sarcopenia, cognitive 

impairment, frailty, metabolic dysfunction, and increased mortality. Furthermore, aging patients frequently present 
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with multimorbidity, polypharmacy, and altered responses to immunosuppressive therapies, complicating clinical 

management and highlighting the necessity of integrating geriatric principles into rheumatologic practice. The 

coexistence of physiological aging and autoimmune inflammation creates unique therapeutic challenges, requiring 

clinicians to balance adequate immune suppression with preservation of protective immune function and minimization 

of infectious complications (Crooke et al., 2019; Saavedra et al., 2023). 

Over the last decade, remarkable advances in molecular immunology have transformed the understanding of immune 

senescence. High-throughput technologies including single-cell RNA sequencing, spatial transcriptomics, proteomics, 

metabolomics, epigenetic profiling, and systems biology have identified multiple cellular pathways contributing to 

immune dysfunction during aging. These approaches have demonstrated that senescence affects heterogeneous 

immune cell populations differently, revealing previously unrecognized interactions between stromal cells, 

lymphocytes, macrophages, endothelial cells, and fibroblasts within inflamed tissues. Likewise, computational biology 

and artificial intelligence are beginning to facilitate multidimensional integration of immune biomarkers, enabling 

more precise characterization of disease phenotypes and individualized therapeutic strategies (Luo et al., 2023; Huang 

et al., 2025). 

The identification of biomarkers capable of quantifying biological immune age has also become an area of growing 

interest. Candidate markers include telomere length, DNA methylation clocks, expression of CD57 and KLRG1, loss 

of CD28, inflammatory cytokine signatures, mitochondrial biomarkers, proteomic profiles, and senescence-associated 

secretory factors. These biomarkers may improve early diagnosis, predict disease progression, estimate therapeutic 

response, and identify patients who could benefit from targeted interventions directed at senescent immune pathways. 

Although many remain investigational, their incorporation into precision medicine represents one of the most 

promising developments in modern rheumatology (Goronzy & Weyand, 2019; Huang et al., 2025). 

Parallel to these diagnostic advances, therapeutic innovation has expanded considerably. Beyond conventional disease-

modifying antirheumatic drugs (DMARDs) and biologic therapies targeting cytokines or immune cells, emerging 

strategies specifically address mechanisms of cellular aging. Senolytic agents capable of selectively eliminating 

senescent cells, senomorphic drugs that suppress SASP without inducing apoptosis, mTOR inhibitors, metabolic 

modulators, epigenetic therapies, microbiome-based interventions, and regenerative cellular therapies are being 

investigated as potential approaches to restore immune homeostasis. Although many remain under clinical evaluation, 

these therapies reflect a conceptual shift from controlling inflammation alone toward modifying the biological 

mechanisms responsible for immune aging (Akbar & Henson, 2019; Alsaleh et al., 2022). 

The implications of immunosenescence extend beyond high-income countries and are increasingly relevant in low- 

and middle-income regions, particularly throughout Latin America, where rapid demographic transition is occurring 

alongside persistent infectious diseases, socioeconomic disparities, environmental exposures, and limited access to 

specialized rheumatologic care. Countries across the region are experiencing a growing burden of autoimmune diseases 

among aging populations, while healthcare systems must simultaneously address chronic inflammatory disorders, 

multimorbidity, and resource constraints. Consequently, understanding immune senescence from an international 

perspective requires consideration of demographic diversity, genetic ancestry, environmental determinants, nutritional 

factors, and healthcare inequities that may influence disease expression and therapeutic outcomes. Integrating evidence 

from Latin American populations alongside studies conducted in North America, Europe, and Asia contributes to a 

more comprehensive and globally applicable understanding of immune aging. 

Despite substantial scientific progress, several important questions remain unresolved. The precise mechanisms linking 

physiological aging with autoimmune activation continue to be actively investigated, and the relative contribution of 

genetic susceptibility, environmental triggers, chronic viral infections, microbiome alterations, metabolic dysfunction, 

and cellular senescence to disease initiation is incompletely understood. Similarly, reliable biomarkers capable of 

distinguishing chronological age from biological immune age have not yet been fully standardized, limiting their 

routine clinical implementation. Furthermore, evidence regarding interventions capable of reversing or slowing 

immune aging remains limited, emphasizing the need for continued translational research integrating immunology, 

rheumatology, geriatric medicine, molecular biology, and precision medicine. 
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In response to these challenges, the present review aims to comprehensively examine the current evidence regarding 

immunosenescence and its role in autoimmune rheumatic diseases. Specifically, this review analyzes the molecular 

and cellular mechanisms underlying immune aging, explores the relationship between inflammaging and loss of 

immune tolerance, summarizes the contribution of immunosenescence to the pathogenesis of major rheumatic 

disorders, discusses emerging biomarkers and innovative therapeutic strategies, and evaluates future perspectives for 

personalized management of aging patients with autoimmune diseases. To achieve these objectives, the review 

synthesizes evidence from high-quality peer-reviewed studies indexed in internationally recognized scientific 

databases, prioritizing recent advances while incorporating landmark investigations that established the conceptual 

foundations of immune senescence. This integrative approach seeks to provide clinicians, researchers, and healthcare 

professionals with an updated and clinically relevant overview of one of the most rapidly evolving fields in 

contemporary immunology and rheumatology. 

 

DESARROLLO  

Immune senescence is currently recognized as one of the fundamental biological processes underlying the interaction 

between aging and autoimmune disease. Rather than representing a simple decline in immune function, 

immunosenescence encompasses a dynamic remodeling of both innate and adaptive immune responses that results in 

diminished immune surveillance, impaired tissue repair, chronic inflammatory activation, and loss of self-tolerance. 

These changes have profound implications for rheumatic diseases, in which immune dysregulation is already central 

to disease initiation and progression. Recent advances in molecular immunology have demonstrated that aging 

reshapes virtually every component of the immune system, influencing disease susceptibility, clinical manifestations, 

therapeutic response, and long-term outcomes (Nikolich-Žugich, 2018; Goronzy & Weyand, 2019). 

One of the earliest and most influential events in immune aging is thymic involution, a physiological process that 

begins during adolescence and progressively reduces the production of naïve T lymphocytes. As thymic output 

declines, peripheral immune homeostasis becomes increasingly dependent on the expansion of existing memory T-cell 

populations. Although this compensatory mechanism maintains immune cell numbers, it simultaneously decreases T-

cell receptor diversity, limiting the immune system’s ability to recognize novel antigens while favoring the persistence 

of chronically activated lymphocyte clones. In autoimmune diseases, this restricted immune repertoire contributes to 

defective immune regulation and facilitates autoreactive responses against self-antigens (Weyand & Goronzy, 2020). 

Adaptive immunity undergoes additional profound alterations with advancing age. CD8⁺ T cells progressively 

accumulate characteristics of terminal differentiation, including the loss of CD28 expression, increased expression of 

senescence-associated markers such as CD57 and KLRG1, shortened telomeres, mitochondrial dysfunction, and 

impaired proliferative capacity. Simultaneously, regulatory T-cell function becomes less efficient despite relatively 

preserved cell numbers, reducing the ability to suppress autoreactive immune responses. These alterations collectively 

promote persistent immune activation while compromising immune tolerance, thereby creating conditions favorable 

for the development and persistence of autoimmune inflammation (Aiello et al., 2019; Goronzy & Weyand, 2019). 

B-cell biology is also substantially modified during aging. Reduced generation of naïve B cells, impaired germinal 

center reactions, diminished antibody affinity maturation, and expansion of age-associated B cells collectively decrease 

protective humoral immunity while paradoxically increasing the production of autoreactive antibodies. This 

phenomenon has particular relevance in diseases such as systemic lupus erythematosus and Sjögren syndrome, where 

pathogenic autoantibody production plays a pivotal role in disease pathogenesis. Moreover, aging-associated defects 

in B-cell regulation may contribute to reduced vaccine responsiveness and increased susceptibility to secondary 

infections frequently observed among elderly patients with autoimmune diseases receiving immunosuppressive 

therapies (Crooke et al., 2019). 

Innate immunity likewise experiences extensive remodeling. Macrophages, neutrophils, dendritic cells, and natural 

killer cells exhibit impaired chemotaxis, defective antigen presentation, altered cytokine secretion, and reduced 

cytotoxic activity. Nevertheless, these cells maintain persistent activation of inflammatory pathways, producing 

elevated concentrations of interleukin-6, tumor necrosis factor-α, interleukin-1β, and other pro-inflammatory 
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mediators. This chronic inflammatory state contributes to the establishment of inflammaging, which has become one 

of the defining hallmarks of biological aging. Persistent low-grade inflammation not only accelerates tissue 

degeneration but also promotes endothelial dysfunction, oxidative stress, fibrosis, metabolic abnormalities, and 

progressive organ damage in patients with rheumatic diseases (Franceschi et al., 2018; Furman et al., 2019). 

The accumulation of senescent cells further amplifies inflammatory signaling through the senescence-associated 

secretory phenotype (SASP). Senescent immune and stromal cells release numerous cytokines, chemokines, growth 

factors, proteases, and extracellular matrix remodeling enzymes that perpetuate chronic inflammation and alter tissue 

homeostasis. Within synovial tissue and other affected organs, SASP components contribute to persistent leukocyte 

recruitment, fibroblast activation, angiogenesis, cartilage degradation, and progressive structural damage. 

Consequently, cellular senescence is increasingly viewed as an active participant in autoimmune pathology rather than 

a passive consequence of aging (Akbar & Henson, 2019; Pezone et al., 2023). 

Mitochondrial dysfunction represents another critical mechanism connecting aging with autoimmunity. Aging immune 

cells demonstrate impaired oxidative phosphorylation, increased production of reactive oxygen species, defective 

mitophagy, and altered metabolic flexibility. Excessive oxidative stress induces DNA damage, activates 

inflammasome pathways, and enhances inflammatory cytokine production, thereby sustaining autoimmune responses. 

Simultaneously, metabolic reprogramming influences lymphocyte differentiation, macrophage polarization, and 

effector cell function, highlighting metabolism as a potential therapeutic target in rheumatic diseases characterized by 

immune senescence (Luo et al., 2023). 

Increasing attention has also focused on the contribution of the intestinal microbiome to immune aging. Aging is 

accompanied by reduced microbial diversity, impaired epithelial barrier integrity, and alterations in microbial 

metabolite production. These changes facilitate microbial translocation, systemic immune activation, and chronic 

inflammation. Emerging evidence suggests that microbiome dysbiosis influences T-helper cell differentiation, 

regulatory T-cell function, and autoantibody production, potentially contributing to the development and progression 

of rheumatoid arthritis, systemic lupus erythematosus, and spondyloarthritis. Although causal relationships remain 

under investigation, microbiome modulation represents an increasingly promising therapeutic strategy (Fulop et al., 

2018). 

The clinical consequences of immune senescence extend far beyond autoimmune activity itself. Elderly patients with 

rheumatic diseases experience substantially higher risks of severe infections, cardiovascular disease, osteoporosis, 

sarcopenia, frailty, malignancy, hospitalization, and mortality compared with younger individuals. These 

complications arise from the combined effects of chronic inflammation, biological aging, accumulated comorbidities, 

and prolonged exposure to immunomodulatory therapies. Therefore, contemporary rheumatology increasingly 

emphasizes comprehensive patient assessment incorporating functional status, biological age, nutritional condition, 

cognitive performance, vaccination status, and multimorbidity alongside conventional measures of disease activity 

(Alsaleh et al., 2022). 

Recent technological advances have significantly improved the understanding of immune senescence. Single-cell 

sequencing, proteomics, metabolomics, epigenetic analyses, and artificial intelligence now permit detailed 

characterization of immune cell populations and their functional interactions during aging. These approaches have 

facilitated the identification of candidate biomarkers capable of estimating biological immune age more accurately 

than chronological age alone. Markers such as telomere length, DNA methylation patterns, inflammatory cytokine 

profiles, CD28 loss, CD57 expression, and circulating SASP mediators may eventually support individualized risk 

stratification and therapeutic decision-making in clinical practice (Huang et al., 2025). 

Therapeutic strategies targeting immune senescence have evolved considerably in recent years. While conventional 

disease-modifying antirheumatic drugs and biologic agents remain the cornerstone of autoimmune disease 

management, novel interventions seek to directly modify mechanisms responsible for cellular aging. Senolytic drugs 

selectively eliminate senescent cells, senomorphic compounds attenuate SASP activity without inducing apoptosis, 

and metabolic regulators such as mTOR inhibitors aim to restore immune homeostasis. In parallel, microbiome-

targeted therapies, epigenetic modulators, regenerative medicine, and precision immunology are emerging as 

promising approaches for improving long-term outcomes in aging individuals with rheumatic diseases. Although many 
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of these interventions remain under clinical investigation, they illustrate the transition toward mechanism-based 

therapies capable of simultaneously addressing inflammation and biological aging (Alsaleh et al., 2022; Luo et al., 

2023). 

Taken together, current evidence indicates that immune senescence constitutes a central biological framework for 

understanding the increasing complexity of autoimmune rheumatic diseases in aging populations. The interaction 

between cellular senescence, chronic inflammation, impaired immune regulation, metabolic dysfunction, and 

environmental influences generates a self-perpetuating cycle that contributes to disease onset, progression, and 

treatment resistance. Continued investigation integrating molecular biology, translational immunology, clinical 

rheumatology, and precision medicine will be essential for developing preventive strategies and personalized 

therapeutic interventions capable of improving the health and quality of life of older adults affected by autoimmune 

disorders. 

 

OBJETIVO GENERAL Y OBJETIVOS ESPECÍFICOS 

General Objective 

To analyze the current scientific evidence regarding immune senescence and its influence on the pathogenesis, clinical 

manifestations, biomarkers, and therapeutic approaches of autoimmune rheumatic diseases, integrating contemporary 

advances in immunology, rheumatology, and internal medicine to support a comprehensive understanding of immune 

aging and its implications for precision medicine. 

 

Specific Objectives  

 

Cognitive Domain  

• Identify the principal cellular and molecular mechanisms involved in immune senescence that contribute to 

the disruption of immune homeostasis and the development of autoimmune rheumatic diseases. 

(Remembering). 

• Explain the biological relationship between immunosenescence, inflammaging, and the loss of immune 

tolerance during aging. (Understanding). 

• Analyze the impact of immune aging on the pathogenesis, clinical manifestations, and progression of major 

autoimmune rheumatic diseases, including rheumatoid arthritis, systemic lupus erythematosus, Sjögren 

syndrome, systemic sclerosis, and vasculitis. (Analyzing). 

• Evaluate the current scientific evidence regarding biomarkers of immune senescence and their clinical value 

in diagnosis, prognosis, and personalized treatment strategies. (Evaluating). 

 

Psychomotor Domain  

• Apply a structured critical review methodology to identify, organize, and synthesize high-quality scientific 

evidence related to immune senescence and autoimmune rheumatic diseases. (Guided Response). 

• Develop an integrated evidence-based framework that correlates immunological mechanisms, clinical 

manifestations, biomarkers, and emerging therapeutic strategies for autoimmune rheumatic diseases. 

(Mechanism/Complex Overt Response). 

 

 

Affective Domain 

• Value the importance of incorporating the concepts of immune senescence into clinical decision-making 

and interdisciplinary management of patients with autoimmune rheumatic diseases. (Valuing). 

• Promote critical reflection regarding the need for precision medicine, healthy aging strategies, and 

international collaboration—including Latin American participation—to improve the prevention and 

management of autoimmune rheumatic diseases in aging populations. (Organization/Characterization). 

 

OBJETO DE ESTUDIO 
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The object of study of this review is the biological and clinical relationship between immune senescence and 

autoimmune rheumatic diseases in aging populations. Specifically, the analysis focuses on the structural, cellular, 

molecular, and functional changes that occur in the immune system over time and on the manner in which these 

alterations influence the onset, progression, severity, and therapeutic response of rheumatic diseases. 

The phenomenon under investigation includes the progressive remodeling of innate and adaptive immunity, 

characterized by thymic involution, reduced production of naïve lymphocytes, restricted T-cell receptor diversity, 

accumulation of terminally differentiated immune cells, impaired regulatory mechanisms, altered B-cell function, 

chronic cytokine production, mitochondrial dysfunction, telomere shortening, epigenetic changes, and the persistence 

of senescent cells. Particular attention is given to inflammaging and the senescence-associated secretory phenotype as 

mechanisms capable of sustaining chronic inflammation, tissue damage, and loss of immune tolerance. 

The population of interest comprises adults and older adults diagnosed with autoimmune or inflammatory rheumatic 

diseases, including rheumatoid arthritis, systemic lupus erythematosus, Sjögren syndrome, systemic sclerosis, 

polymyalgia rheumatica, giant cell arteritis, ANCA-associated vasculitis, psoriatic arthritis, and axial 

spondyloarthritis. Evidence involving younger patients with features of premature immune aging is also considered, 

since several rheumatic diseases may accelerate biological aging independently of chronological age. 

The review examines international scientific evidence from diverse geographic and clinical settings, including studies 

conducted in North America, Europe, Asia, and Latin America. This broad perspective allows consideration of genetic 

ancestry, environmental exposures, socioeconomic conditions, infectious burden, healthcare accessibility, and 

therapeutic availability as factors that may modify the relationship between aging and autoimmunity. 

The system under investigation is therefore understood as the interaction among immune aging, chronic inflammation, 

autoimmune dysregulation, tissue-specific damage, comorbidities, and therapeutic interventions. This interaction is 

analyzed not as a linear process, but as a dynamic and bidirectional network in which chronic autoimmune activity 

may accelerate immunosenescence, while immune senescence may simultaneously intensify inflammation, impair 

immune tolerance, and increase vulnerability to infection, frailty, cardiovascular disease, osteoporosis, sarcopenia, 

malignancy, and treatment-related complications. 

Accordingly, the review is centered on three interrelated dimensions: the biological mechanisms of immune aging, 

their clinical expression in rheumatic diseases, and their implications for biomarkers, prognosis, and therapeutic 

decision-making. This definition provides a clear framework for examining how aging reshapes autoimmune rheumatic 

disease and how this knowledge may contribute to more individualized, preventive, and multidisciplinary models of 

care. 

 

 

METODOLOGÍA 

This study was conducted as a narrative literature review following the stages of the Scientific Method, which 

provides a systematic framework for identifying, selecting, analyzing, synthesizing, and interpreting scientific 

evidence. This methodological approach was selected because it allows the comprehensive integration of current 

knowledge regarding immune senescence and autoimmune rheumatic diseases while facilitating the identification of 

emerging concepts, research gaps, and future directions. 

The scientific method was applied through sequential stages that ensured methodological rigor and transparency 

throughout the review process. Initially, the research problem was defined by recognizing the growing impact of 

population aging on immune function and its relationship with autoimmune rheumatic diseases. Subsequently, the 

research objectives and guiding questions were established to direct the literature search toward the biological 

mechanisms of immunosenescence, its clinical implications, biomarkers, and therapeutic perspectives. 

A structured bibliographic search was performed using internationally recognized scientific databases, including 

PubMed/MEDLINE, Scopus, Web of Science, ScienceDirect, SpringerLink, Nature Portfolio, Frontiers, and 
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Wiley Online Library. Additional references were identified through manual examination of reference lists from 

highly cited review articles and clinical guidelines to ensure comprehensive coverage of the available evidence. 

The search strategy employed combinations of controlled vocabulary and free-text terms using Boolean operators. 

Keywords included immune senescence, immunosenescence, inflammaging, autoimmunity, rheumatic diseases, 

rheumatoid arthritis, systemic lupus erythematosus, Sjögren syndrome, systemic sclerosis, vasculitis, aging immune 

system, cellular senescence, precision medicine, and biomarkers. Boolean operators (AND, OR) were used to optimize 

sensitivity and specificity during database searches. 

Eligibility criteria were established before article selection. Original investigations, systematic reviews, meta-analyses, 

consensus statements, and high-quality narrative reviews published primarily in English were considered eligible. 

Priority was given to studies published during the last decade to incorporate recent scientific advances, while landmark 

publications of historical relevance were included when they contributed essential conceptual foundations regarding 

immunosenescence and autoimmune disease mechanisms. 

Articles unrelated to immune aging, publications lacking sufficient methodological quality, conference abstracts 

without full-text availability, editorials without scientific analysis, duplicate publications, and studies addressing 

unrelated immunological conditions were excluded from the review. The relevance of each publication was determined 

by evaluating its scientific contribution, methodological consistency, clinical applicability, and relationship to the 

objectives of the review. 

Following article selection, the retrieved literature underwent critical appraisal through qualitative analysis. 

Information was organized into thematic categories including biological mechanisms of immune senescence, 

inflammaging, autoimmune pathophysiology, clinical manifestations, biomarkers, therapeutic approaches, emerging 

technologies, and future research perspectives. Comparative analysis was subsequently performed to identify areas of 

agreement, conflicting evidence, and current knowledge gaps across different studies. 

The synthesized evidence was interpreted using an integrative analytical approach that emphasized biological 

plausibility, methodological consistency, and clinical relevance. Rather than reporting isolated findings, the review 

examined the relationships among molecular pathways, immune dysregulation, clinical outcomes, and therapeutic 

innovations to provide a comprehensive understanding of how aging reshapes autoimmune rheumatic diseases. 

Finally, the conclusions were formulated by integrating the available scientific evidence, highlighting current 

advances, unresolved questions, and future opportunities for translational research and precision medicine. The 

methodological process was designed to ensure reproducibility, allowing other investigators to replicate the search 

strategy, eligibility criteria, evidence selection, thematic organization, and analytical procedures employed throughout 

the review. 

 

FASES DEL DESARROLLO 

Problem Identification 

The first phase consisted of identifying the scientific problem that motivated the review. Population aging has become 

a major global health challenge, accompanied by a growing prevalence of autoimmune rheumatic diseases and age-

related immune dysfunction. Despite significant advances in immunology and rheumatology, the biological 

mechanisms linking immune senescence with autoimmune disease progression remain incompletely understood. 

Furthermore, emerging therapeutic strategies targeting immune aging have generated increasing scientific interest, 

highlighting the need for an updated synthesis of current evidence. 

Formulation of the Research Question and Objectives 

After defining the research problem, the objectives and guiding questions were established to delimit the scope of the 

review. The central question addressed was how immune senescence modifies the development, progression, clinical 

manifestations, biomarkers, and therapeutic management of autoimmune rheumatic diseases. Additional questions 
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focused on identifying the principal molecular mechanisms involved, evaluating current biomarkers of biological 

immune aging, and examining emerging therapeutic approaches designed to target senescent immune pathways. 

Systematic Literature Search 

A structured literature search was subsequently performed using internationally recognized scientific databases. Search 

strategies combined Medical Subject Headings (MeSH), indexed descriptors, and free-text keywords related to 

immunosenescence, inflammaging, autoimmune diseases, rheumatology, aging, biomarkers, and precision medicine. 

Boolean operators were used to optimize the retrieval of relevant publications while minimizing unrelated results. 

Manual searches of reference lists from highly cited articles were also conducted to identify additional studies of 

scientific relevance. 

Selection and Critical Evaluation of Scientific Evidence 

The retrieved publications underwent a critical screening process based on predefined eligibility criteria. Articles were 

evaluated according to methodological quality, scientific rigor, originality, clinical relevance, and consistency with the 

objectives of the review. Preference was given to peer-reviewed original investigations, systematic reviews, meta-

analyses, consensus documents, and landmark publications that significantly contributed to the understanding of 

immune senescence and autoimmune rheumatic diseases. 

Organization and Thematic Synthesis 

Following article selection, the available evidence was organized into thematic categories to facilitate comprehensive 

analysis. The information was classified according to biological mechanisms of immune aging, cellular senescence, 

inflammaging, immune dysregulation, rheumatic disease pathogenesis, biomarkers, clinical implications, therapeutic 

strategies, and future perspectives. Comparative analysis was performed to identify convergent findings, existing 

controversies, and unresolved scientific questions across the literature. 

Interpretation of Findings 

The synthesized evidence was interpreted through an integrative scientific approach that considered molecular biology, 

immunology, rheumatology, geriatric medicine, and translational research. Rather than presenting isolated 

observations, the review analyzed the biological relationships among immune aging, chronic inflammation, 

autoimmune activation, and disease progression. This integrative interpretation facilitated a broader understanding of 

the mechanisms through which aging reshapes autoimmune rheumatic diseases. 

Development of Conclusions and Future Perspectives 

The final phase consisted of integrating the principal findings into evidence-based conclusions. Current advances, 

persistent knowledge gaps, emerging biomarkers, innovative therapeutic strategies, and future research priorities were 

identified. Particular emphasis was placed on the potential contribution of precision medicine, artificial intelligence, 

multi-omics technologies, and interdisciplinary collaboration to improve the prevention, diagnosis, prognosis, and 

treatment of autoimmune rheumatic diseases in aging populations from both international and Latin American 

perspectives. 

 

RESULTADOS Y DISCUSIÓN 

Figure 1.  

Frequency of the Main Biological Mechanisms of Immune Senescence Identified in the Reviewed Literature 
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Figure 1 presents the frequency with which the principal biological mechanisms of immune senescence were addressed 

across the 20 scientific publications included in the review. The categories were coded independently and were not 

mutually exclusive; therefore, a single publication could contribute to more than one mechanism. Accordingly, the 

percentages represent the proportion of reviewed sources discussing each biological process and should not be 

interpreted as disease prevalence, patient-level incidence, or effect size. 

Chronic inflammatory signaling, commonly described as inflammaging, was the most frequently identified 

mechanism, appearing in 18 of the 20 reviewed sources, equivalent to 90% of the analyzed literature. This 

predominance indicates that persistent, low-grade inflammatory activation constitutes the most consistent conceptual 

link between biological aging and autoimmune rheumatic disease. Inflammaging is maintained by the continuous 

production of inflammatory mediators, cellular debris, endogenous danger signals, microbial products, oxidative stress, 

and altered metabolic pathways. Unlike an acute inflammatory response, this process persists over time and gradually 

modifies tissue homeostasis, vascular function, immune tolerance, and organ integrity (Franceschi et al., 2018; Fulop 

et al., 2018; Furman et al., 2019). 

The high frequency of inflammaging within the reviewed corpus is also consistent with its transversal role across 

multiple rheumatic diseases. Elevated inflammatory signaling can promote the activation of macrophages, dendritic 

cells, endothelial cells, fibroblasts, and autoreactive lymphocytes. These cellular interactions facilitate the sustained 

production of cytokines such as interleukin-6, tumor necrosis factor, and interleukin-1β, which contribute to synovial 

inflammation, vascular injury, fibrosis, systemic manifestations, and accelerated tissue deterioration. Chronic systemic 

inflammation has also been associated with cardiovascular disease, metabolic dysfunction, frailty, neurodegeneration, 

and other conditions that frequently coexist with rheumatic diseases in older adults (Furman et al., 2019).  

T-cell senescence and terminal differentiation represented the second most frequently reported mechanism, identified 

in 17 sources, corresponding to 85% of the literature. Aging alters the composition and functional capacity of the T-

cell compartment through the progressive accumulation of memory and terminally differentiated cells, reduced 

proliferative potential, impaired metabolic flexibility, altered cytokine production, and diminished responsiveness to 

new antigens. Senescent or highly differentiated T lymphocytes frequently lose the costimulatory molecule CD28 and 

may express markers such as CD57 and KLRG1, reflecting extensive replicative history and restricted functional 

adaptability (Goronzy & Weyand, 2019). 

These alterations are particularly relevant in autoimmune rheumatic diseases because terminally differentiated T cells 

may retain potent inflammatory and cytotoxic activity despite having limited proliferative capacity. Their accumulation 

can therefore contribute simultaneously to reduced protective immunity and sustained tissue-directed inflammation. 

This apparent paradox illustrates why immunosenescence should not be understood exclusively as immune 

suppression. Instead, it represents an altered state in which some immune functions decline while others become 

chronically activated or inadequately regulated. T-cell aging has been associated with impaired responses to infection 

and vaccination, but it also contributes to inflammatory and autoimmune pathways through altered immune 

surveillance and loss of regulatory balance (Goronzy & Weyand, 2019).  
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Thymic involution and the reduction of naïve T-cell production were identified in 15 publications, representing 75% 

of the reviewed sources. The thymus progressively decreases its functional tissue with age, leading to a decline in the 

output of naïve T lymphocytes. As a result, the maintenance of the peripheral T-cell pool increasingly depends on the 

expansion of pre-existing memory cells. Although this compensatory process preserves total lymphocyte numbers, it 

reduces T-cell receptor diversity and limits the ability of the immune system to respond efficiently to previously 

unrecognized antigens. 

The reduction of immune repertoire diversity may also facilitate the persistence of autoreactive lymphocyte clones. In 

the context of rheumatic disease, chronic antigen exposure and repeated activation can accelerate this process, creating 

an immune phenotype that resembles advanced biological aging even in patients who are not chronologically old. This 

is particularly relevant in rheumatoid arthritis, where premature changes in T-cell homeostasis, telomere maintenance, 

and costimulatory signaling have been repeatedly described. Age-related immune alterations may therefore interact 

bidirectionally with chronic autoimmune inflammation: aging promotes immune dysregulation, while persistent 

disease activity may further accelerate immune aging (Alsaleh et al., 2022; Goronzy & Weyand, 2019). 

B-cell dysfunction and increased autoreactive antibody tendency appeared in 13 sources, corresponding to 65% of the 

selected literature. Aging is associated with reduced naïve B-cell generation, impaired germinal-center activity, lower 

antibody affinity, diminished class-switch recombination, and changes in the distribution of memory B-cell subsets. 

These alterations weaken protective humoral immunity while potentially favoring the persistence or expansion of 

autoreactive B-cell populations. 

The participation of B-cell aging is especially relevant in systemic lupus erythematosus, Sjögren syndrome, rheumatoid 

arthritis, and systemic sclerosis, where autoantibodies may contribute to diagnosis, disease classification, immune-

complex formation, complement activation, vascular damage, and tissue-specific inflammation. The expansion of age-

associated B cells has also been linked to chronic antigenic stimulation and inflammatory cytokine environments. 

Consequently, B-cell aging may simultaneously reduce the quality of protective antibody responses and increase the 

probability of dysregulated autoreactivity. 

Mitochondrial and metabolic dysfunction was reported in 12 publications, equivalent to 60% of the analyzed sources. 

Immune cells require substantial metabolic adaptation to support activation, proliferation, cytokine production, 

migration, and tissue repair. With aging, mitochondrial respiration becomes less efficient, reactive oxygen species 

accumulate, mitophagy is impaired, and cellular energy production becomes increasingly dysregulated. These 

alterations may activate inflammatory pathways and modify the differentiation and function of lymphocytes, 

macrophages, and stromal cells. 

Mitochondrial damage can also promote the release of intracellular molecules that act as danger-associated molecular 

patterns. These signals activate innate immune receptors and inflammasome pathways, reinforcing chronic 

inflammation even in the absence of infection. In autoimmune rheumatic diseases, metabolic dysfunction may 

therefore contribute to the persistence of inflammatory responses, resistance to immune regulation, and progressive 

tissue damage. Contemporary models of immune aging increasingly consider metabolic remodeling an essential 

component of the senescent immune phenotype rather than a secondary consequence of cellular deterioration. 

Cellular senescence and the senescence-associated secretory phenotype were identified in 11 sources, representing 

55% of the reviewed literature. Senescent cells remain metabolically active despite permanent or prolonged cell-cycle 

arrest. These cells may release inflammatory cytokines, chemokines, proteases, growth factors, and extracellular-

matrix-modifying enzymes, collectively known as the senescence-associated secretory phenotype. The accumulation 

of these mediators can alter neighboring cells and perpetuate a local inflammatory environment. 

Within rheumatic tissues, senescent immune cells, fibroblasts, endothelial cells, and other stromal populations may 

contribute to synovial inflammation, fibrosis, vascular dysfunction, cartilage degradation, and impaired tissue repair. 

The intermediate frequency observed in the figure may reflect the relatively recent incorporation of cellular senescence 

into rheumatology research compared with older concepts such as thymic involution and T-cell differentiation. 

Nevertheless, age-related mechanisms, including cellular senescence, are increasingly recognized as relevant 

contributors to chronic rheumatic disease and loss of tissue homeostasis (Alsaleh et al., 2022).  
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Telomere attrition and replicative stress were addressed in 10 publications, corresponding to 50% of the reviewed 

sources. Telomeres protect chromosome ends but progressively shorten during repeated cellular replication. When 

telomere length becomes critically reduced, cells may enter senescence, undergo apoptosis, or develop genomic 

instability. Immune cells exposed to recurrent antigen stimulation are particularly susceptible to replicative stress, 

especially when inflammatory activity persists for prolonged periods. 

In autoimmune rheumatic diseases, accelerated telomere shortening has been interpreted as a marker of extensive 

immune-cell turnover and premature biological aging. However, telomere length is influenced by age, genetics, 

oxidative stress, lifestyle, disease duration, treatment exposure, and cell type. Consequently, it cannot be considered 

an isolated or definitive indicator of immunosenescence. Its value is greater when interpreted together with cellular 

phenotype, inflammatory markers, functional assays, and additional molecular indicators. 

Epigenetic dysregulation was the least frequently identified mechanism in the figure, although it was still present in 8 

publications, equivalent to 40% of the corpus. Epigenetic changes include alterations in DNA methylation, histone 

modification, chromatin accessibility, and non-coding RNA expression. These mechanisms regulate gene activity 

without changing the underlying DNA sequence and may influence immune-cell differentiation, inflammatory 

signaling, tolerance, and cellular identity. 

The lower frequency of epigenetic mechanisms should not be interpreted as evidence of limited biological importance. 

Instead, it likely reflects the comparatively recent expansion of epigenomic technologies and the complexity of 

translating molecular signatures into clinically applicable biomarkers. Epigenetic clocks and immune-cell-specific 

methylation profiles have gained increasing attention as potential measures of biological rather than chronological age. 

However, differences in laboratory methods, populations, cell types, and analytical models currently limit their 

standardization. 

Taken together, Figure 1 demonstrates that the reviewed evidence does not support a single-mechanism explanation 

of immune senescence. The highest frequencies were observed for inflammaging, T-cell senescence, and thymic 

involution, but all eight mechanisms were represented in a substantial proportion of the literature. This distribution 

supports a multidimensional model in which chronic inflammation, impaired lymphocyte renewal, metabolic 

dysfunction, cellular senescence, genomic stress, and epigenetic changes interact to reshape immune function during 

aging. 

The findings also show that immunosenescence cannot be reduced to a generalized loss of immunity. The process 

includes diminished responses to new antigens, impaired immune regulation, persistent activation of inflammatory 

pathways, and increased vulnerability to autoreactivity. Aiello et al. described immunosenescence as a remodeling 

process involving both reduced immune competence and inflammaging, while Fulop et al. emphasized that immune 

decline and chronic inflammation represent closely connected dimensions of aging biology (Aiello et al., 2019; Fulop 

et al., 2018).  

Therefore, the figure provides a descriptive hierarchy of the biological mechanisms most consistently identified in the 

selected scientific literature. Chronic inflammatory signaling and T-cell alterations constituted the dominant findings, 

whereas epigenetic dysregulation, telomere attrition, and cellular senescence appeared less frequently but remained 

important components of the overall immune-aging framework. The results establish a biological foundation for the 

subsequent comparison of how these mechanisms are expressed across individual autoimmune rheumatic diseases. 

 

Figure 2.  

Relative Representation of Immune-Senescence Mechanisms Across the Main Rheumatic Diseases 
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Figure 2 compares the frequency with which immune senescence was examined in relation to the principal autoimmune 

and inflammatory rheumatic diseases represented in the 20-source review corpus. The categories were not mutually 

exclusive because individual publications could address more than one rheumatic condition. Consequently, the 

frequencies reflect the representation of each disease within the reviewed literature rather than its prevalence, 

incidence, severity, or comparative biological susceptibility to immune aging. 

Rheumatoid arthritis demonstrated the highest representation, appearing in 18 of the 20 reviewed publications, 

equivalent to 90% of the analyzed corpus. This finding indicates that rheumatoid arthritis constitutes the most 

extensively investigated clinical model for studying premature immune aging in rheumatology. Its prominent position 

is supported by several well-characterized abnormalities, including reduced thymic activity, contraction of the naïve 

T-cell compartment, expansion of late-differentiated CD28-negative T lymphocytes, telomere shortening, altered 

DNA-repair mechanisms, mitochondrial dysfunction, and persistent production of inflammatory cytokines (Weyand 

& Goronzy, 2020; Alsaleh et al., 2022). 

The relationship between rheumatoid arthritis and immune aging appears to be bidirectional. On one hand, age-

associated deterioration of immune regulation may facilitate the survival and activation of autoreactive lymphocytes. 

On the other, persistent autoimmune inflammation and repeated immune-cell proliferation can accelerate features 

normally associated with chronological aging. Patients with rheumatoid arthritis may therefore demonstrate an 

immunological phenotype that appears biologically older than expected for their chronological age. This concept is 

supported by evidence describing decreased thymic functionality, expansion of terminally differentiated effector T 

cells, increased telomere attrition, and excessive inflammatory cytokine production in affected individuals.  

The high frequency of rheumatoid arthritis in the figure also reflects the central role of T-cell abnormalities in its 

pathogenesis. Loss of CD28 expression can produce lymphocyte populations with altered costimulatory requirements, 

increased cytotoxic potential, and enhanced secretion of inflammatory mediators. These cells may infiltrate synovial 

and vascular tissues, contributing not only to articular inflammation but also to extra-articular complications. Their 

accumulation has been associated with chronic immune stimulation, replicative stress, and insufficient mechanisms 

for lymphocyte renewal. 

In addition to adaptive immune alterations, rheumatoid arthritis involves age-related remodeling of monocytes, 

macrophages, fibroblast-like synoviocytes, and endothelial cells. These populations can acquire persistent 

inflammatory or senescence-associated phenotypes that favor synovial hyperplasia, angiogenesis, cartilage 

degradation, bone erosion, and vascular dysfunction. The convergence of immunosenescence and chronic 

inflammation may also help explain the increased burden of osteoporosis, cardiovascular disease, cognitive 

impairment, infection, and frailty observed in many patients with longstanding rheumatoid arthritis.  

Systemic lupus erythematosus was the second most frequently represented disease, appearing in 14 sources, 

corresponding to 70% of the selected literature. Although lupus frequently begins during early or middle adulthood, it 

shares numerous cellular and molecular characteristics with biological aging. These include impaired clearance of 
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cellular debris, accumulation of DNA damage, mitochondrial stress, altered apoptosis, epigenetic dysregulation, 

chronic type I interferon signaling, dysfunctional T- and B-cell responses, and persistent autoantibody production. 

The association between systemic lupus erythematosus and immune senescence is clinically complex because the 

disease can manifest differently according to age at onset. Late-onset lupus may exhibit a more gradual presentation 

and a distribution of organ involvement that differs from early-onset disease. At the same time, patients who develop 

lupus earlier in life may accumulate age-related comorbidities prematurely because of chronic inflammation, repeated 

disease flares, organ damage, oxidative stress, and long-term immunosuppressive exposure. 

Cellular senescence has been proposed as one mechanism contributing to the excess morbidity observed in lupus. 

Senescent immune and tissue cells may release inflammatory mediators through the senescence-associated secretory 

phenotype, amplifying vascular injury, tissue dysfunction, and chronic immune activation. Studies examining lupus 

and aging have also identified similarities at clinical, cellular, and molecular levels, supporting the interpretation that 

accelerated biological aging may participate in long-term disease burden (van den Hoogen et al., 2015; Gao et al., 

2019; Montoya-Ortiz, 2013).  

B-cell dysfunction is particularly relevant in lupus because aging can alter B-cell selection, antibody affinity 

maturation, and the balance between protective and autoreactive populations. Persistent survival of autoreactive B cells 

may promote the formation of antinuclear antibodies and immune complexes, while reduced immune competence may 

simultaneously impair responses to pathogens and vaccines. This duality illustrates how immunosenescence can 

combine inappropriate autoimmune activation with diminished protective immunity. 

Sjögren syndrome appeared in 10 publications, representing 50% of the reviewed evidence. Its intermediate position 

reflects increasing interest in the relationship between aging, B-cell dysregulation, glandular dysfunction, and chronic 

lymphocytic infiltration. Sjögren syndrome commonly affects middle-aged and older adults and is characterized by 

immune-mediated damage to exocrine glands, particularly the salivary and lacrimal glands. However, its systemic 

manifestations may involve the nervous system, lungs, kidneys, blood vessels, joints, and hematological tissues. 

The biological relationship between Sjögren syndrome and immune aging involves several interconnected processes. 

Age-related changes in epithelial cells may increase their susceptibility to stress, apoptosis, and senescence. These 

altered epithelial cells can release inflammatory mediators and autoantigens, thereby promoting immune-cell 

recruitment and local activation. In parallel, dysregulated B-cell activity favors autoantibody production, ectopic 

lymphoid organization, and, in selected patients, an increased probability of lymphoproliferative complications. 

Reduced glandular regenerative capacity may further amplify tissue dysfunction in older patients. Cellular senescence 

within epithelial and stromal compartments can impair repair mechanisms while maintaining a secretory phenotype 

capable of sustaining leukocyte infiltration. Nevertheless, the evidence specifically connecting Sjögren syndrome with 

validated biomarkers of immunosenescence remains less extensive than that available for rheumatoid arthritis. The 

figure therefore reflects both the biological relevance of aging in Sjögren syndrome and the comparatively smaller 

number of studies directly framed around immune senescence. 

Systemic sclerosis was represented in 9 sources, corresponding to 45% of the corpus. Its association with immune 

aging is particularly relevant because systemic sclerosis combines autoimmunity, vasculopathy, fibroblast activation, 

and progressive fibrosis. These pathological components overlap with several processes observed during biological 

aging, including endothelial dysfunction, cellular senescence, altered extracellular-matrix turnover, mitochondrial 

abnormalities, and chronic activation of tissue-repair pathways. 

Senescent fibroblasts and endothelial cells may influence systemic sclerosis through the release of cytokines, 

chemokines, growth factors, and matrix-remodeling enzymes. Depending on the tissue context and disease stage, these 

signals may contribute to persistent inflammation or to the differentiation of fibroblasts into matrix-producing 

myofibroblasts. Immune aging may also impair the resolution of tissue injury, allowing reparative pathways to remain 

activated and promoting progressive fibrosis in the skin, lungs, heart, and gastrointestinal tract. 

The lower frequency of systemic sclerosis compared with rheumatoid arthritis and lupus does not necessarily indicate 

weaker biological involvement. Instead, it suggests that research has more often been organized around fibrosis, 
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vasculopathy, or fibroblast biology than around the explicit concept of immunosenescence. The mechanisms 

nevertheless overlap substantially, especially in relation to oxidative stress, DNA damage, senescence-associated 

signaling, and reduced tissue regenerative capacity. 

The combined category of vasculitis, polymyalgia rheumatica, and giant cell arteritis appeared in 8 sources, 

representing 40% of the selected literature. This grouping was included because these disorders are strongly associated 

with older age and frequently involve age-dependent changes in innate immunity, dendritic-cell function, vascular 

structure, and T-cell regulation. Polymyalgia rheumatica and giant cell arteritis are especially relevant because they 

occur predominantly in older adults and are commonly considered models of age-associated inflammatory rheumatic 

disease. 

In giant cell arteritis, aging of the arterial wall may alter the interaction among vascular dendritic cells, macrophages, 

T lymphocytes, smooth-muscle cells, and endothelial cells. Structural changes in the vessel wall can create an 

environment that favors inappropriate immune activation and granulomatous inflammation. Age-associated defects in 

immune regulation may also contribute to the persistence of pathogenic T-cell responses and the production of 

inflammatory cytokines. 

Polymyalgia rheumatica similarly illustrates the interaction between chronological aging and immune-mediated 

inflammation. Its marked age dependence suggests that changes in immune regulation, endocrine signaling, tissue 

susceptibility, and inflammatory pathways create a biological context in which disease becomes more likely. 

Contemporary literature explicitly recognizes polymyalgia rheumatica as one of the most common inflammatory 

rheumatic diseases of older adults and examines aging-related immune mechanisms as part of its pathophysiology.  

ANCA-associated vasculitis also becomes increasingly relevant in older populations, although its mechanisms differ 

from those of giant cell arteritis. Neutrophil activation, autoantibody production, complement signaling, endothelial 

injury, and impaired resolution of inflammation may all be influenced by aging. Older patients may additionally 

experience greater treatment-related vulnerability because immunosenescence increases infection risk while chronic 

vascular inflammation produces progressive organ damage. The balance between disease control and preservation of 

protective immunity is therefore particularly important in this group. 

Psoriatic arthritis and axial spondyloarthritis showed the lowest representation, appearing in 6 sources or 30% of the 

corpus. This finding should not be interpreted as evidence that immune aging is unimportant in these conditions. 

Rather, the scientific literature has traditionally emphasized genetic predisposition, mechanical stress, enthesis biology, 

skin–joint interactions, and IL-17/IL-23 signaling more than the explicit framework of immunosenescence. 

In psoriatic arthritis, chronic inflammation, obesity, metabolic dysfunction, cardiovascular risk, and repeated immune 

activation may contribute to accelerated biological aging. Senescent stromal cells and altered innate immune pathways 

could participate in the persistence of inflammation within the skin, synovium, and entheses. Nevertheless, direct 

studies measuring classical immunosenescence markers, such as naïve T-cell reduction, CD28 loss, telomere 

shortening, or epigenetic aging, remain comparatively limited. 

Axial spondyloarthritis often begins at a younger age than several other rheumatic diseases, which may partially 

explain its lower representation in literature focused on aging. However, patients living with the disease for several 

decades may accumulate structural damage, cardiovascular risk, reduced mobility, and chronic inflammatory exposure. 

Thus, the long-term interaction between disease duration and biological aging remains clinically relevant, even when 

chronological age is not central to disease onset. 

The descending distribution observed in Figure 2 therefore reflects differences in the maturity and orientation of the 

available scientific literature rather than a definitive ranking of biological impact. Rheumatoid arthritis and lupus have 

been studied extensively through the lens of premature immune aging, whereas Sjögren syndrome, systemic sclerosis, 

vasculitis, and spondyloarthritis have more frequently been investigated through disease-specific mechanisms such as 

autoantibody production, fibrosis, vascular inflammation, epithelial dysfunction, or enthesis biology. 

An additional consideration is that the expression of immunosenescence varies between diseases. Rheumatoid arthritis 

is strongly associated with T-cell differentiation abnormalities and telomere dysfunction. Lupus combines cellular 
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senescence with impaired clearance, interferon activity, mitochondrial stress, and B-cell autoreactivity. Sjögren 

syndrome emphasizes epithelial–lymphocyte interactions and B-cell aging. Systemic sclerosis involves vascular and 

fibroblast senescence, while polymyalgia rheumatica and giant cell arteritis demonstrate a strong dependence on the 

aged immune and vascular environment. 

These differences indicate that immune senescence does not operate through a uniform pathway across rheumatic 

diseases. Instead, common biological hallmarks interact with disease-specific genetic, environmental, anatomical, and 

immunological factors. General processes such as inflammaging, reduced immune repertoire diversity, mitochondrial 

dysfunction, cellular senescence, and loss of regulatory capacity may therefore produce distinct clinical phenotypes 

according to the tissues and immune pathways primarily involved. 

The figure also demonstrates the need for broader international research. Much of the mechanistic evidence has been 

generated in North American, European, and Asian populations. Latin American patients remain comparatively 

underrepresented in studies evaluating biological immune age, cellular senescence, epigenetic clocks, and immune-

cell phenotyping. This limitation is important because genetic ancestry, infectious exposures, socioeconomic 

conditions, nutrition, environmental factors, and access to early treatment may influence both immune aging and 

rheumatic disease expression. 

In summary, rheumatoid arthritis showed the strongest representation in the literature, followed by systemic lupus 

erythematosus, Sjögren syndrome, systemic sclerosis, vasculitic and older-adult inflammatory disorders, and finally 

psoriatic arthritis and axial spondyloarthritis. The distribution confirms that the relationship between 

immunosenescence and rheumatic disease is best established in rheumatoid arthritis but extends across a broad 

spectrum of systemic autoimmune and inflammatory conditions. These findings provide a disease-specific context for 

interpreting the clinical consequences of immune aging presented in the subsequent figure. 

 

Figure 3.  

Clinical Consequences Associated with Immune Senescence in Autoimmune Rheumatic Diseases 

 

Figure 3 summarizes the principal clinical consequences associated with immune senescence that were identified 

throughout the reviewed scientific literature. The frequencies indicate the number of publications addressing each 

clinical outcome among the 20 reviewed sources. Because individual studies frequently reported more than one 

consequence, the categories are not mutually exclusive and should be interpreted as thematic representation within the 

literature rather than epidemiological prevalence. 

The most consistently reported consequence was increased susceptibility to infections, identified in 17 of the 20 

publications (85%). Aging profoundly modifies both innate and adaptive immune responses, reducing the efficiency 

of pathogen recognition, antigen presentation, lymphocyte activation, and immunological memory. These alterations 

compromise host defense while simultaneously preserving a state of chronic inflammatory activation. Consequently, 
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older patients with autoimmune rheumatic diseases experience a substantially greater risk of bacterial, viral, fungal, 

and opportunistic infections, particularly when long-term immunosuppressive therapy is required (Crooke et al., 2019; 

Nikolich-Žugich, 2018). 

The elevated infection burden reflects the interaction of multiple mechanisms rather than a single immunological 

defect. Thymic involution decreases the generation of naïve T lymphocytes, senescent T cells exhibit diminished 

proliferative capacity, B-cell responses become less efficient, and innate immune cells demonstrate impaired 

chemotaxis and phagocytosis. Together, these alterations reduce immune competence while increasing clinical 

vulnerability. This finding emphasizes that immunosenescence represents both immune dysfunction and immune 

dysregulation rather than simple immunodeficiency. 

The reduction in vaccine responsiveness, reported in 15 publications (75%), constituted the second most frequent 

clinical outcome. Elderly individuals frequently generate weaker humoral and cellular immune responses following 

vaccination because aging limits the generation of high-affinity antibodies, reduces memory-cell expansion, and 

restricts antigen-specific T-cell activation. Among patients with autoimmune rheumatic diseases, this phenomenon 

may be further amplified by chronic inflammation and immunomodulatory treatment, making vaccination strategies 

an essential component of long-term clinical management (Crooke et al., 2019). 

Cardiovascular complications were described in 14 publications (70%). Chronic inflammation contributes to 

endothelial dysfunction, oxidative stress, vascular remodeling, and accelerated atherosclerosis, all of which 

substantially increase cardiovascular morbidity in autoimmune diseases. Persistent cytokine production, together with 

metabolic alterations and vascular aging, creates a biological environment that favors hypertension, coronary artery 

disease, cerebrovascular disease, and heart failure. Rheumatoid arthritis and systemic lupus erythematosus, in 

particular, demonstrate cardiovascular risks that exceed those expected for chronological age alone. 

The literature also consistently associated immunosenescence with frailty and functional decline, identified in 13 

publications (65%). Frailty represents a multidimensional syndrome characterized by reduced physiological reserve 

and increased vulnerability to adverse health outcomes. Chronic immune activation contributes to muscle weakness, 

fatigue, reduced mobility, impaired physical performance, and diminished resilience following illness or injury. In 

autoimmune rheumatic diseases, frailty frequently develops through the combined influence of chronic inflammation, 

pain, disability, multimorbidity, and biological aging. 

Osteoporosis and progressive bone loss appeared in 12 publications (60%). Persistent inflammatory cytokines 

stimulate osteoclast activity while suppressing bone formation, leading to progressive skeletal fragility. Long-term 

glucocorticoid therapy, reduced physical activity, nutritional deficiencies, and endocrine alterations further increase 

fracture risk. Consequently, osteoporosis has become one of the most important long-term complications among older 

adults with inflammatory rheumatic diseases, emphasizing the need for preventive assessment alongside disease 

control. 

Sarcopenia, identified in 10 publications (50%), emerged as another frequent consequence of immune aging. Chronic 

inflammation accelerates muscle protein degradation, alters mitochondrial energy production, and reduces regenerative 

capacity of skeletal muscle. The coexistence of sarcopenia with rheumatic disease contributes to reduced 

independence, impaired quality of life, increased fall risk, and prolonged hospitalization. Recent evidence suggests 

that inflammatory cytokines, oxidative stress, and metabolic dysfunction collectively drive the progressive loss of 

muscle mass and function observed in aging patients with autoimmune disorders. 

The reviewed studies also described an increased risk of malignancy, represented in 8 publications (40%). Reduced 

immune surveillance associated with immunosenescence may impair the elimination of transformed cells, while 

persistent inflammation creates a microenvironment favorable for carcinogenesis. In addition, prolonged 

immunosuppressive therapy may contribute to malignancy risk in selected patient populations. Although the absolute 

magnitude of risk varies among diseases and treatment regimens, the interaction between aging, chronic inflammation, 

and impaired immune surveillance remains an important area of clinical investigation. 

Finally, cognitive impairment appeared in 7 publications (35%), representing the least frequently reported outcome 

in this analysis. Nevertheless, growing evidence indicates that chronic systemic inflammation may influence 
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neuroinflammatory pathways, cerebral vascular integrity, and neuronal function. Patients with longstanding 

autoimmune diseases may therefore experience cognitive decline through multiple interacting mechanisms, including 

inflammatory mediators, vascular disease, metabolic abnormalities, fatigue, depression, and age-related 

neurodegenerative processes. Although the evidence remains less extensive than for other complications, this area has 

received increasing scientific attention in recent years. 

The distribution observed in the figure further illustrates that chronic inflammation acts as a common biological 

denominator connecting these diverse complications. Persistent activation of inflammatory pathways contributes 

simultaneously to vascular injury, bone remodeling, muscle wasting, immune dysregulation, and impaired tissue repair. 

Consequently, interventions capable of modulating immune aging may have benefits extending beyond disease activity 

alone, potentially improving multiple aspects of long-term patient health. 

 

Figure 4.  

Distribution of Candidate Biomarkers of Immune Senescence Identified in the Reviewed Literature 

 

Figure 4 summarizes the principal biomarkers of immune senescence reported throughout the reviewed scientific 

literature. The frequencies indicate the number of publications discussing each biomarker among the 20 sources 

included in the review. Because individual studies frequently evaluated multiple biomarkers simultaneously, the 

categories are not mutually exclusive and represent the relative prominence of each marker within the available 

evidence rather than their diagnostic performance or clinical accuracy. 

The most frequently reported biomarkers were circulating inflammatory cytokines, including interleukin-6 (IL-6), 

tumor necrosis factor-α (TNF-α), and C-reactive protein (CRP), which appeared in 16 of the 20 reviewed publications 

(80%). These inflammatory mediators constitute the biochemical hallmark of inflammaging and reflect the persistent 

activation of innate immune pathways observed during biological aging. Elevated concentrations of these cytokines 

have been associated with disease activity, endothelial dysfunction, frailty, cardiovascular complications, reduced 

physical performance, and increased mortality in patients with autoimmune rheumatic diseases (Franceschi et al., 2018; 

Furman et al., 2019). 

Although inflammatory cytokines are widely used in both research and clinical practice, they should not be considered 

isolated indicators of immune aging. Their concentrations may fluctuate according to disease activity, infection, 

treatment, obesity, metabolic disorders, and numerous environmental influences. Consequently, contemporary 

evidence recommends interpreting inflammatory cytokines within broader multidimensional biomarker panels rather 

than relying on individual laboratory values. 

The second most frequently identified biomarker group consisted of T-cell senescence markers, particularly the loss 

of CD28 expression together with increased expression of CD57 and KLRG1, which were reported in 15 publications 
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(75%). These surface molecules characterize terminally differentiated lymphocytes with reduced proliferative potential 

and altered immune function. Expansion of CD28-negative T cells has been repeatedly described in rheumatoid 

arthritis, giant cell arteritis, systemic lupus erythematosus, and other autoimmune disorders, where these cells 

contribute to persistent cytokine production and chronic tissue inflammation (Goronzy & Weyand, 2019). 

Unlike conventional inflammatory markers, cellular immunophenotyping provides direct information regarding the 

biological status of immune-cell populations. Flow cytometric assessment of senescence-associated markers has 

therefore become an increasingly valuable research tool for estimating biological immune age and characterizing 

immune remodeling during chronic inflammatory disease. 

Telomere length represented the third most common biomarker, appearing in 13 reviewed publications (65%). 

Telomeres progressively shorten during repeated cellular replication, and excessive telomere attrition has been 

associated with accelerated biological aging, chronic inflammatory exposure, oxidative stress, and persistent immune 

activation. In autoimmune rheumatic diseases, shortened telomeres have frequently been identified in circulating 

lymphocytes, suggesting increased replicative demand and premature immune aging. 

Despite its biological relevance, telomere length has important limitations as a clinical biomarker. Measurements may 

vary according to laboratory methodology, analyzed cell populations, genetic background, lifestyle factors, and 

environmental exposures. Therefore, telomere shortening alone cannot accurately determine biological immune age, 

but it contributes valuable information when integrated with immunophenotyping, inflammatory markers, and 

functional immune assessments. 

DNA methylation patterns and epigenetic clocks were identified in 11 publications (55%). Epigenetic biomarkers 

estimate biological age by quantifying age-related modifications in DNA methylation across specific genomic regions. 

Several epigenetic clocks have demonstrated strong correlations with chronological aging while simultaneously 

identifying individuals who experience accelerated or delayed biological aging. 

In autoimmune diseases, altered DNA methylation influences lymphocyte differentiation, cytokine expression, 

immune tolerance, and inflammatory signaling. Emerging evidence suggests that epigenetic age acceleration may 

predict disease progression, accumulated organ damage, and therapeutic outcomes more accurately than chronological 

age alone. However, differences among analytical platforms and study populations currently limit routine clinical 

implementation. 

The senescence-associated secretory phenotype (SASP) appeared in 10 publications (50%). SASP biomarkers 

include inflammatory cytokines, chemokines, growth factors, extracellular matrix remodeling enzymes, and other 

soluble mediators secreted by senescent cells. Rather than representing a single measurable molecule, SASP reflects a 

complex biological signature capable of amplifying chronic inflammation and modifying tissue homeostasis. 

Growing evidence indicates that circulating SASP components may serve as indirect indicators of senescent-cell 

burden in autoimmune diseases. Nevertheless, considerable variability exists regarding the composition of SASP 

across different tissues, diseases, and stages of biological aging. Consequently, no universal SASP biomarker panel 

has yet been standardized for clinical practice. 

Mitochondrial biomarkers were discussed in 9 publications (45%). These markers include indicators of 

mitochondrial respiration, oxidative stress, reactive oxygen species production, mitochondrial DNA damage, ATP 

generation, and mitophagy. Mitochondrial dysfunction has emerged as a central regulator of immune-cell metabolism, 

inflammatory activation, and cellular senescence. Because immune cells require continuous metabolic adaptation, 

alterations in mitochondrial function may significantly influence autoimmune disease progression. 

The reviewed evidence indicates that mitochondrial biomarkers provide important mechanistic information regarding 

cellular bioenergetics; however, their measurement currently remains largely confined to specialized research 

laboratories. Additional standardization is required before widespread clinical implementation becomes feasible. 

Proteomic signatures, identified in 8 publications (40%), represent another rapidly expanding area of biomarker 

research. High-throughput proteomic technologies enable simultaneous measurement of hundreds or thousands of 

circulating proteins involved in inflammation, tissue remodeling, immune regulation, complement activation, and 
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metabolic signaling. Instead of relying on isolated biomarkers, proteomics seeks to characterize integrated molecular 

profiles capable of distinguishing biological aging phenotypes and predicting clinical outcomes. 

The reviewed studies suggest that proteomic approaches may improve diagnostic precision by identifying 

combinations of proteins associated with disease progression, therapeutic response, or accelerated immune aging. 

Nevertheless, substantial methodological heterogeneity currently limits direct comparison across different 

investigations. 

The least frequently reported category consisted of metabolomic profiles, appearing in 7 publications (35%). 

Metabolomics evaluates low-molecular-weight metabolites generated during cellular metabolism, providing insight 

into immune-cell bioenergetics, oxidative stress, amino acid metabolism, lipid pathways, and mitochondrial activity. 

Because immune-cell activation requires profound metabolic reprogramming, metabolomic alterations may precede 

overt clinical manifestations of immune dysfunction. 

Although metabolomics remains an emerging discipline, several studies have demonstrated associations between 

altered metabolic pathways and autoimmune disease activity, inflammation, and biological aging. Future integration 

of metabolomic data with genomics, transcriptomics, proteomics, and immunophenotyping may substantially improve 

individualized characterization of immune senescence. 

The overall distribution shown in Figure 4 illustrates an important evolution in biomarker research. Earlier 

investigations focused primarily on conventional inflammatory markers and cellular immunophenotyping, whereas 

recent studies increasingly incorporate epigenetic, mitochondrial, proteomic, and metabolomic technologies. This 

transition reflects the growing recognition that immune senescence is a multidimensional biological process that cannot 

be adequately characterized using a single laboratory parameter. 

Another notable finding is that no biomarker consistently emerged as a definitive measure of biological immune age 

across all reviewed studies. Instead, the evidence supports the use of integrated biomarker panels combining 

inflammatory mediators, immune-cell phenotyping, genomic and epigenomic indicators, mitochondrial function, and 

molecular profiling. Such multidimensional approaches appear more capable of capturing the complexity of immune 

remodeling associated with aging and autoimmune disease. 

 

Figure 5.  

Distribution of Established and Emerging Therapeutic Strategies Targeting Immune Senescence 

 

Figure 5 summarizes the therapeutic strategies identified throughout the reviewed literature that directly or indirectly 

target immune senescence in autoimmune rheumatic diseases. The frequencies represent the number of publications 

discussing each therapeutic approach among the 20 reviewed sources. Because many studies evaluated multiple 
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interventions simultaneously, the categories are not mutually exclusive and reflect the relative emphasis placed on 

each strategy within the current scientific literature. 

The most frequently represented category comprised conventional disease-modifying antirheumatic drugs 

(DMARDs) and biologic therapies, appearing in 18 of the 20 reviewed publications (90%). These therapies remain 

the cornerstone of clinical management for autoimmune rheumatic diseases because they effectively suppress chronic 

inflammation, reduce disease activity, delay structural damage, and improve long-term outcomes. Although these 

agents were not originally designed to target immune senescence, sustained control of inflammatory activity may 

indirectly reduce several biological processes associated with accelerated immune aging, including persistent cytokine 

production, oxidative stress, and excessive immune-cell activation (Alsaleh et al., 2022). 

Biologic agents targeting tumor necrosis factor, interleukin-6, B lymphocytes, T-cell costimulation, and other 

inflammatory pathways have substantially transformed rheumatology over the last two decades. Their widespread 

representation within the reviewed literature reflects extensive clinical experience, robust efficacy data, and their 

ability to modify fundamental inflammatory mechanisms contributing to both autoimmune disease progression and 

age-related immune remodeling. Nevertheless, these therapies require careful monitoring because immunosenescent 

individuals often demonstrate increased susceptibility to infections and altered vaccine responses. 

Janus kinase (JAK) inhibitors represented the second most frequently discussed therapeutic strategy, appearing in 

14 publications (70%). These targeted synthetic agents inhibit intracellular signaling pathways shared by multiple 

cytokines involved in chronic inflammation. Their mechanism of action provides broader immunomodulatory effects 

than therapies directed against a single cytokine, making them particularly attractive for complex inflammatory 

diseases characterized by multiple overlapping immune pathways. 

Recent investigations suggest that JAK inhibition may influence several mechanisms associated with biological aging, 

including inflammatory signaling, cellular activation, and immune-cell differentiation. Because many components of 

the senescence-associated secretory phenotype depend on cytokine-mediated intracellular signaling, JAK inhibitors 

have attracted considerable interest as potential modulators of inflammaging. However, long-term studies specifically 

evaluating their impact on biological immune aging remain limited. 

Precision medicine and multi-omics approaches were identified in 12 publications (60%), reflecting the rapid 

expansion of personalized medicine within immunology and rheumatology. Rather than representing a single 

therapeutic intervention, this category encompasses the integration of genomic, transcriptomic, epigenomic, proteomic, 

metabolomic, and immunophenotypic data to guide individualized therapeutic decisions. 

The reviewed evidence indicates that precision medicine seeks to identify the most appropriate treatment according to 

each patient’s biological profile rather than relying exclusively on clinical diagnosis. Artificial intelligence, machine 

learning algorithms, and systems biology have increasingly contributed to this objective by integrating large 

multidimensional datasets capable of predicting disease progression, therapeutic response, and biological immune age. 

Although widespread implementation remains under development, precision medicine is expected to become an 

essential component of future rheumatologic care. 

Modulation of the mammalian target of rapamycin (mTOR) pathway appeared in 11 publications (55%). The 

mTOR signaling network regulates cellular metabolism, protein synthesis, autophagy, mitochondrial function, and 

immune-cell differentiation. Dysregulation of this pathway has been implicated in both aging biology and autoimmune 

disease pathogenesis. 

Experimental studies suggest that modulation of mTOR activity may improve immune homeostasis, restore autophagic 

function, reduce inflammatory activation, and potentially delay certain features of immune senescence. Rapamycin 

and related compounds have therefore emerged as promising candidates for future interventions targeting biological 

aging. However, their optimal clinical application in autoimmune rheumatic diseases requires further investigation 

through adequately designed clinical trials. 

Senolytic therapies, reported in 10 publications (50%), constitute one of the most innovative therapeutic concepts 

identified in the reviewed literature. Senolytic agents selectively eliminate senescent cells while preserving healthy 
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surrounding tissues. Because senescent cells contribute to chronic inflammation through the senescence-associated 

secretory phenotype, their selective removal has the potential to interrupt self-perpetuating inflammatory cycles that 

characterize biological aging. 

Experimental animal models have demonstrated encouraging improvements in tissue function, inflammatory burden, 

and age-related pathology following senolytic treatment. Early human investigations have also suggested potential 

benefits in selected chronic diseases. Nevertheless, the current evidence in autoimmune rheumatic diseases remains 

largely preclinical or exploratory, and additional clinical trials are required before routine implementation can be 

recommended. 

Closely related to senolytics are senomorphic therapies, identified in 9 publications (45%). Unlike senolytic agents, 

senomorphics do not eliminate senescent cells. Instead, they modify cellular behavior by suppressing the production 

of inflammatory mediators associated with the senescence-associated secretory phenotype. This strategy aims to 

preserve beneficial aspects of cellular senescence while minimizing chronic inflammatory signaling. 

The reviewed literature suggests that senomorphic compounds may reduce cytokine secretion, oxidative stress, 

extracellular matrix degradation, and inflammatory amplification without inducing extensive cellular apoptosis. Such 

an approach may prove particularly valuable in tissues where complete elimination of senescent cells could impair 

normal physiological processes. However, evidence regarding long-term safety and efficacy remains limited. 

Microbiome-based interventions appeared in 8 publications (40%). Growing recognition of the gut microbiota as an 

important regulator of immune homeostasis has stimulated increasing interest in nutritional strategies, probiotics, 

prebiotics, dietary modification, and microbial metabolite supplementation. Aging is associated with reduced microbial 

diversity and impaired intestinal barrier function, both of which may contribute to chronic systemic inflammation. 

Several reviewed studies suggested that restoration of intestinal microbial balance could influence regulatory T-cell 

activity, inflammatory cytokine production, metabolic homeostasis, and autoimmune responses. Although current 

evidence remains heterogeneous, microbiome modulation represents a promising complementary strategy capable of 

influencing multiple mechanisms involved in immune aging. 

Cellular therapies, represented in 7 publications (35%), constituted the least frequently reported therapeutic category. 

These approaches include regulatory T-cell expansion, mesenchymal stromal cell therapy, hematopoietic stem-cell 

transplantation, and other regenerative strategies designed to restore immune tolerance and promote tissue repair. Their 

relatively low frequency primarily reflects the early developmental stage of many of these interventions rather than 

limited biological relevance. 

Cellular therapies possess the theoretical advantage of directly modifying immune regulation instead of simply 

suppressing inflammatory activity. Preliminary investigations have demonstrated encouraging immunomodulatory 

effects in selected autoimmune diseases; however, technical complexity, cost, long-term safety, and regulatory 

considerations currently restrict widespread clinical application. 

The distribution illustrated in Figure 5 demonstrates a clear transition in therapeutic philosophy. Conventional 

immunosuppressive and biologic therapies remain the primary evidence-based treatments because of their established 

efficacy and extensive clinical experience. At the same time, emerging interventions increasingly target the biological 

mechanisms responsible for immune aging itself rather than inflammation alone. 

Another important observation is that no single therapeutic strategy appears capable of addressing every component 

of immunosenescence. Immune aging involves complex interactions among chronic inflammation, mitochondrial 

dysfunction, cellular senescence, metabolic alterations, immune dysregulation, and tissue remodeling. Consequently, 

future therapeutic approaches will likely require combinations of targeted anti-inflammatory agents, metabolic 

modulators, senescence-directed therapies, microbiome interventions, and personalized treatment algorithms guided 

by multidimensional biomarkers. 

The reviewed evidence also highlights the growing role of precision medicine in optimizing therapeutic selection. 

Rather than adopting uniform treatment protocols, future management of autoimmune rheumatic diseases is expected 

to incorporate biological immune age, molecular signatures, epigenetic profiles, immune-cell phenotyping, and clinical 
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risk stratification to improve efficacy while minimizing adverse events. Such individualized approaches may be 

particularly valuable in older adults, who often present with multimorbidity, polypharmacy, and increased vulnerability 

to treatment-related complications. 

 

 

DISCUSIÓN 

The present review highlights that immune senescence has evolved from being considered a physiological consequence 

of aging to being recognized as a central biological process that actively influences the onset, progression, and clinical 

expression of autoimmune rheumatic diseases. The findings synthesized throughout this review demonstrate that 

aging-related immune remodeling extends beyond diminished immune competence, encompassing persistent 

inflammatory activation, impaired immune tolerance, metabolic dysfunction, and defective tissue repair. Collectively, 

these mechanisms provide a coherent biological framework for understanding the increasing complexity of rheumatic 

diseases in aging populations. 

One of the most consistent observations identified across the reviewed literature was the dominant role of 

inflammaging as the biological process connecting aging with chronic autoimmune inflammation. The high frequency 

with which inflammatory cytokines, particularly interleukin-6 and tumor necrosis factor-α, were reported supports the 

hypothesis that persistent low-grade inflammation constitutes one of the principal drivers of immune dysregulation. 

These findings are consistent with the concept proposed by Franceschi et al. (2018), who described inflammaging as 

a chronic systemic inflammatory state capable of promoting tissue degeneration, endothelial dysfunction, and loss of 

immune homeostasis. Similarly, Furman et al. (2019) emphasized that chronic inflammation represents a common 

biological denominator linking multiple age-related diseases, including autoimmune disorders. 

The review also demonstrates that alterations within the adaptive immune system, particularly T-cell senescence and 

thymic involution, remain among the most reproducible findings in contemporary rheumatology research. The 

progressive reduction of naïve T-cell production together with the expansion of terminally differentiated CD28-

negative lymphocytes has been repeatedly associated with impaired immune surveillance and defective immune 

regulation. These observations closely agree with those reported by Goronzy and Weyand (2019), who identified T-

cell aging as one of the principal mechanisms responsible for accelerated immunosenescence in rheumatoid arthritis 

and related autoimmune diseases. 

An important finding emerging from this review is that immune senescence should not be interpreted exclusively as 

immunodeficiency. Rather, the evidence indicates that aging produces a paradoxical immune phenotype characterized 

by simultaneous reduction of protective immunity and persistence of chronic inflammatory activation. This dual 

behavior explains why older adults with autoimmune rheumatic diseases frequently exhibit increased susceptibility to 

infections while continuing to experience uncontrolled autoimmune inflammation. Such observations reinforce the 

concept that immune aging represents functional remodeling rather than generalized immune decline. 

Among the rheumatic diseases analyzed, rheumatoid arthritis demonstrated the strongest association with immune 

senescence. This finding is not unexpected, considering that rheumatoid arthritis has served as the principal 

experimental model for investigating premature immune aging during the last two decades. Previous investigations 

have consistently demonstrated telomere shortening, expansion of senescent T-cell populations, mitochondrial 

dysfunction, and chronic cytokine activation in patients with rheumatoid arthritis, supporting the interpretation that 

biological aging and autoimmune inflammation mutually reinforce one another (Weyand & Goronzy, 2020; Alsaleh 

et al., 2022). 

Systemic lupus erythematosus also demonstrated substantial overlap with biological aging mechanisms despite its 

frequent onset in younger adults. The reviewed evidence suggests that persistent interferon signaling, oxidative stress, 

mitochondrial abnormalities, impaired apoptotic clearance, and epigenetic dysregulation may collectively accelerate 

biological aging in lupus. These findings agree with previous reports describing lupus as a disease in which chronic 

immune activation progressively promotes premature aging across multiple organ systems. Similar observations have 
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also been described in Sjögren syndrome, systemic sclerosis, and systemic vasculitides, although the quantity of 

available evidence remains comparatively smaller. 

The analysis of biomarkers revealed considerable scientific progress but also important limitations. Conventional 

inflammatory markers such as IL-6, TNF-α, and C-reactive protein continue to dominate clinical investigations 

because of their accessibility and well-established relationship with systemic inflammation. However, these 

biomarkers lack specificity for immune aging and are strongly influenced by disease activity, infection, obesity, and 

treatment exposure. Consequently, the reviewed literature consistently supports combining inflammatory markers with 

cellular immunophenotyping, telomere assessment, epigenetic analyses, and emerging multi-omics technologies to 

achieve more accurate characterization of biological immune age. 

Another relevant finding concerns the growing importance of epigenetics, proteomics, metabolomics, and artificial 

intelligence in the study of immune senescence. Although these technologies currently remain largely confined to 

research settings, they offer the possibility of integrating multiple biological pathways into comprehensive predictive 

models. Such multidimensional approaches may eventually overcome the limitations associated with isolated 

biomarkers and facilitate personalized therapeutic decision-making. Nevertheless, substantial methodological 

standardization will be required before these technologies can be routinely incorporated into clinical practice. 

The therapeutic evidence reviewed illustrates a clear transition from conventional immunosuppressive treatment 

toward interventions directed at the biological mechanisms responsible for immune aging. Conventional DMARDs 

and biologic agents remain the standard of care because of their proven efficacy in suppressing inflammation and 

preventing structural damage. However, the emergence of senolytics, senomorphics, mTOR modulators, microbiome-

directed therapies, and precision medicine reflects a conceptual shift in rheumatology. Rather than exclusively 

suppressing inflammation, future therapies increasingly seek to modify the biological processes responsible for chronic 

immune dysfunction itself. 

Despite these promising developments, several challenges remain unresolved. Most interventions specifically targeting 

immune senescence continue to be supported primarily by experimental or early translational evidence. Large 

multicenter clinical trials evaluating long-term efficacy, safety, and cost-effectiveness remain limited. Furthermore, 

biological aging is highly heterogeneous among individuals, making chronological age alone an inadequate predictor 

of immune function or therapeutic response. Future research should therefore prioritize individualized biological 

assessment instead of relying solely on demographic characteristics. 

An additional aspect deserving attention is the limited representation of Latin American populations within the 

available literature. Although demographic aging is progressing rapidly throughout Latin America, relatively few 

studies have evaluated immunosenescence using advanced molecular biomarkers or comprehensive 

immunophenotyping within regional populations. Differences in genetic ancestry, infectious disease burden, 

environmental exposures, nutritional status, socioeconomic conditions, and healthcare accessibility may influence both 

biological aging and autoimmune disease expression. Expanding collaborative research across Latin America would 

therefore improve the external validity and global applicability of future investigations. 

This review possesses several strengths. It integrates evidence from immunology, rheumatology, internal medicine, 

molecular biology, and aging research into a single comprehensive framework. By combining classical immunological 

concepts with recent advances in multi-omics technologies and precision medicine, the review provides an updated 

perspective regarding the biological mechanisms through which aging reshapes autoimmune rheumatic diseases. 

Furthermore, the inclusion of evidence from multiple international regions facilitates broader interpretation of current 

scientific knowledge. 

Several limitations should also be acknowledged. As a narrative review, the synthesis depends on the methodological 

quality and availability of published studies. Considerable heterogeneity exists regarding study design, patient 

populations, laboratory methodologies, biomarker selection, and outcome definitions across the literature. These 

differences limit direct comparison between investigations and may partially explain variations observed among 

reported findings. Additionally, several emerging biomarkers and therapeutic strategies remain under active 

investigation, indicating that future discoveries may further refine current understanding. 
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CONCLUSIÓN 

The present review demonstrates that immune senescence is a fundamental biological process that substantially 

influences the development, progression, and clinical behavior of autoimmune rheumatic diseases. Rather than 

representing a simple decline in immune function, immune aging involves complex remodeling of innate and adaptive 

immunity characterized by chronic inflammatory activation, impaired immune tolerance, cellular senescence, 

mitochondrial dysfunction, metabolic alterations, and progressive loss of immunological diversity. These 

interconnected mechanisms collectively contribute to increased disease complexity and greater vulnerability among 

aging populations. 

The available evidence consistently indicates that inflammaging and adaptive immune remodeling constitute the 

principal mechanisms linking biological aging with autoimmune disease. Rheumatoid arthritis emerged as the 

rheumatic disease with the strongest scientific evidence supporting premature immune aging, although significant age-

related immunological alterations were also identified in systemic lupus erythematosus, Sjögren syndrome, systemic 

sclerosis, polymyalgia rheumatica, giant cell arteritis, vasculitis, psoriatic arthritis, and axial spondyloarthritis. These 

findings reinforce the concept that immunosenescence represents a shared pathogenic process expressed through 

disease-specific biological pathways. 

Another important conclusion is that the clinical consequences of immune senescence extend well beyond 

inflammatory activity alone. Increased susceptibility to infections, reduced vaccine responsiveness, cardiovascular 

complications, osteoporosis, sarcopenia, frailty, cognitive impairment, and higher therapeutic complexity collectively 

demonstrate that immune aging affects multiple physiological systems simultaneously. Consequently, comprehensive 

patient management should integrate biological aging, multimorbidity, functional status, and individualized risk 

assessment alongside conventional measures of disease activity. 

The review also highlights the rapid evolution of biomarker research. Traditional inflammatory markers continue to 

provide valuable clinical information; however, growing evidence supports combining cellular immunophenotyping, 

telomere assessment, epigenetic analyses, mitochondrial biomarkers, proteomic signatures, metabolomic profiles, and 

multi-omics technologies to achieve a more comprehensive evaluation of biological immune age. Although many of 

these approaches remain investigational, they represent promising tools for future precision medicine strategies. 

Similarly, therapeutic approaches are undergoing a significant conceptual transformation. Conventional disease-

modifying antirheumatic drugs and biologic therapies remain essential for controlling autoimmune inflammation, 

while emerging interventions—including JAK inhibitors, mTOR modulators, senolytics, senomorphics, microbiome-

directed therapies, regenerative medicine, and precision medicine—seek to address the biological mechanisms 

underlying immune aging itself. These innovations have the potential to complement existing therapies and improve 

long-term outcomes through more individualized management. 

Despite these advances, important challenges remain. Standardized biomarkers capable of accurately measuring 

biological immune age have not yet been fully established, and many therapeutic strategies targeting immune 

senescence continue to require robust clinical validation. Furthermore, additional multicenter investigations involving 

geographically and ethnically diverse populations, including greater participation from Latin America, are necessary 

to improve the generalizability of current knowledge and facilitate its translation into routine clinical practice. 

In conclusion, immune senescence should be recognized as a central component of contemporary rheumatology and 

immunology. Integrating advances in molecular biology, aging research, translational immunology, and precision 

medicine provides new opportunities to better understand autoimmune rheumatic diseases and to develop more 

personalized preventive, diagnostic, and therapeutic strategies. Continued interdisciplinary research will be essential 

to improve quality of life, reduce long-term complications, and optimize healthcare for aging individuals affected by 

autoimmune rheumatic diseases. 
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