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ABSTRACT: Alopecia areata remains a 

significant autoimmune disorder affecting 

individuals across all demographic groups 

worldwide. This comprehensive review synthesizes 

current understanding of disease mechanisms, 

diagnostic methodologies, and contemporary 

therapeutic interventions. The condition results from 

T-cell mediated immune responses targeting hair 

follicles in genetically predisposed individuals 

exposed to environmental triggers[1][^2]. Recent 

breakthrough advances include FDA approval of 

Janus Kinase inhibitors, which represent a paradigm 

shift in treatment efficacy compared to traditional 

therapies[^3]. This review examines pathogenic 

mechanisms at cellular and molecular levels, 

evaluates emerging diagnostic technologies, 

compares traditional and novel therapeutic 

approaches, and explores future directions including 

personalized medicine strategies. Understanding the 

multifactorial etiology and heterogeneous disease 

course enables clinicians to optimize treatment 

selection and improve patient outcomes. Integration 

of genetic insights, immunological discoveries, and 

clinical experience provides a foundation for 

comprehensive patient management and ongoing 

research advancement. 
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I. INTRODUCTION 

Alopecia areata represents a prevalent 

autoimmune condition characterized by sudden 

onset of nonscarring hair loss affecting various body 

regions[^4]. The disease affects approximately 0.1-

2% of the global population, with lifetime incidence 

estimates near 1.7%[^5]. Despite historical 

recognition spanning centuries, systematic scientific 

understanding has developed primarily through 

recent immunological and genetic research[^6]. The 

profound psychological and social consequences 

frequently accompany physical manifestations. 

Approximately 85% of affected individuals report 

daily coping difficulties, with 47% experiencing 

clinically significant anxiety or depression[^7]. 

Beyond psychological burden, alopecia areata 

associates with increased prevalence of autoimmune 

conditions and psychiatric disorders, with patients 

demonstrating 2.7-fold increased risk for developing 

new-onset autoimmune diseases[^8]. Recent 

therapeutic advances have fundamentally 

transformed disease management. The sequential 

FDA approval of baricitinib (2022), ritlecitinib 

(2023), and deuruxolitinib (2024) as targeted Janus 

Kinase inhibitors represents a watershed moment for 

patients with moderate-to-severe disease[^9]. These 

mechanism-based therapies target specific 

inflammatory pathways dysregulated in alopecia 

areata pathogenesis, offering substantially greater 

efficacy than previously available options[^10]. This 

review synthesizes contemporary knowledge 

regarding disease pathogenesis, diagnostic 

approaches, traditional and novel therapeutic 

strategies, and emerging treatment   
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Alopecia areata develops through 

disruption of immune tolerance to hair follicle 

antigens. Hair follicles normally maintain an 

immune-privileged state through expression of 

immunosuppressive factors and reduced major 

histocompatibility complex presentation[^11]. 

Breakdown of this immune privilege initiates 

pathogenic T-cell responses against follicular 

structures. CD8+ T lymphocytes expressing the 

NKG2D activating receptor mediate primary 

cytotoxic attacks on matrix keratinocytes within 

anagen-phase follicles[^12]. These effector cells 

produce proinflammatory cytokines including 

interferon-gamma, interleukin-2, and interleukin-15, 
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establishing sustained inflammatory 

microenvironments that perpetuate follicular 

destruction[^13]. CD4+ T helper cells support these 

cytotoxic responses through provision of additional 

inflammatory signals. The resulting 

immunemediated follicle damage causes premature 

termination of the anagen (growth) phase, leading to 

transition into catagen (transitional) and extended 

telogen (resting) phases. This disruption of normal 

hair cycle progression results in clinically evident 

hair shedding and loss[^14].   

 

2.2Genetic Susceptibility Factors Genomewide 

association studies have identified major genetic 

determinants of alopecia areata susceptibility. 

Human leukocyte antigen class II alleles represent 

the strongest genetic associations, with specific 

amino acid positions in HLADRβ1 (particularly 

positions 37 and 13) contributing to peptide-binding 

pockets critical for disease development[^15]. 

Individuals carrying HLADRB1*04:01 demonstrate 

substantially elevated risk through shared epitope 

mechanisms. Beyond HLA associations, researchers 

have identified additional susceptibility loci 

affecting immune regulatory pathways. 

Polymorphisms in genes including CTLA4, 

IL2/IL21, and JAK-STAT signaling components 

influence individual disease susceptibility and 

potentially treatment response profiles[^16]. These 

multiple genetic contributions reflect the polygenic 

nature of alopecia areata inheritance.   

 

2.3Environmentaland Lifestyle Triggers While 

genetic predisposition establishes baseline disease 

risk, environmental factors precipitate clinical 

manifestation. Psychological stress represents the 

most frequently reported trigger, potentially acting 

through neuroendocrine signaling pathways that 

alter immune regulation[^17]. Viral infections, 

vaccinations, and other immunestimulating events 

may similarly trigger disease onset in susceptible 

individuals. Lifestyle factors substantially influence 

disease development and progression. Smoking 

activates Th17-mediated inflammatory pathways 

and enhances systemic immune dysregulation[^18]. 

Sleep disturbances impair circadianregulated 

immune function and delay hair follicle progression 

through anagen phases. Obesity-associated 

adipokines promote systemic inflammation affecting 

hair follicle microenvironments[^19].   

 

6 3. Clinical Presentation and Diagnostic Approaches   

 

 
 

3.1 Clinical Features and Disease Variants 

Alopecia areata manifests in diverse 

clinical presentations varying in extent and disease 

course. Patchy alopecia areata, the most common 

variant, presents as well-demarcated, circular 

patches of complete hair loss with smooth skin 

surface and absence of inflammation[^20]. 

Exclamation mark hairs—shorter broken hairs with 

tapered appearance—appear at patch margins, 

indicating active disease.   
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Severity variants include alopecia totalis (complete 

scalp hair loss) and alopecia universalis (total loss of 

all body hair including eyebrows and eyelashes). 

The ophiasis pattern presents as band-like hair loss 

along temporal and occipital scalp margins, 

typically associated with poorer prognosis and 

greater treatment resistance[^21]. Diffuse alopecia 

areata manifests as sudden generalized hair thinning 

without discrete patches, frequently mimicking 

telogen effluvium and creating diagnostic confusion.   

 

3.2 Dermoscopic Findings 

 

Dermoscopy has emerged as a valuable noninvasive 

diagnostic tool providing characteristic  

findings enabling definitive diagnosis without 

requiring histological examination. Yellow dots 

appear in 7881% of cases, representing pigmentary 

accumulations within hair follicles and indicating 

disease activity. Black dots representing destroyed 

hair shafts occur in 54-67% of patients, correlating 

with disease severity[^22]. Additional dermoscopic 

features include broken hairs (55% prevalence), 

short vellus hairs indicating active regrowth (41%), 

and tapering hairs (12%). These trichoscopic 

patterns collectively establish diagnostic certainty 

while providing prognostic information regarding 

disease stage and potential response to  

treatment[^23]. 7   

 

3.3 Histopathological Examination 

 

When clinical and dermoscopic findings prove 

inconclusive, histopathological examination 

provides definitive confirmation. Acute lesions 

demonstrate peribulbar and intrabulbar lymphocytic 

infiltration resembling "swarm of bees" patterns 

surrounding affected follicles. Chronic lesions show 

follicular miniaturization, increased catagen and 

telogen follicles, and reduced anagen follicle 

density[^24].   

 

4. Traditional Therapeutic Approaches 

 

4.1 Intralesional Corticosteroid Therapy 

Intralesional corticosteroid injections remain 
firstline therapy for localized disease, demonstrating 

efficacy at approximately 60-67% of injection 

sites[^25]. Triamcinolone  acetonide at 
concentrations of 5-10 mg/ml administered at 26 

week intervals stimulates localized hair regrowth 

through immunosuppressive mechanisms. The 

predictable response pattern and established safety 
profile make intralesional therapy valuable for 

patients with limited disease burden.   

 

4.2 Topical Immunotherapy 

 

Topical immunotherapy using contact allergens 

including diphenylcyclopropenone or squaric acid 
dibutylester achieves response rates between 9-87%, 

depending on disease severity and treatment 

duration[^26]. These agents work through antigenic 
competition mechanisms and cytokine modulation, 

with effective treatment causing  decreased 
CD4:CD8 lymphocyte ratios from normal 4:1 to 

approximately 1:1 within affected areas[^27].   

 

4.3 Systemic Corticosteroids   

 

Systemic corticosteroid administration demonstrates 

efficacy in approximately 40-50% of patients, 
though high relapse rates upon discontinuation limit 

long-term utility. Rapid onset of action within 12 

weeks makes systemic therapy valuable for acute 
disease exacerbations, but prolonged use risks 

substantial adverse effects limiting 
applicability[^28].   

 

5. Janus Kinase Inhibitors:Revolutionary 

Therapeutic Paradigm 

 

5.1 Mechanistic Rationale 

 

Genome-wide gene expression studies identified 

prominent dysregulation of interferon-gamma 

response genes and JAKSTAT signaling pathway 

components in affected hair follicles[^29]. This 

mechanistic understanding provided compelling 

rationale for developing JAK inhibitors targeting 

these specific immune pathways. Unlike broad 

immunosuppressive approaches, JAK inhibition 

specifically addresses dysregulated inflammatory 

signaling while preserving other immune functions.   

 

5.2 Clinical Efficacy Data 

 

Comparative efficacy analyses demonstrate that 

deuruxolitinib 12mg achieves highest efficacy 

among available JAK inhibitors, with 41.5% of 

patients achieving SALT score ≤20 (indicating 

complete or near-complete hair regrowth) at 24week 

treatment endpoints[^30]. Ritlecitinib 50mg 

demonstrates favorable efficacy-safety balance with 

lower adverse event rates compared to higher-dose 
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regimens. 8 Baricitinib 4mg shows reliable efficacy 

at intermediate levels with established safety 

profiles from extensive clinical experience[^31].   

 

5.3 Topical Formulations 

 

Development of topical JAK inhibitor formulations 

including ruxolitinib cream addresses substantial 

unmet needs for patients with limited disease or 

those unable to tolerate systemic therapy. Topical 

formulations enable local drug delivery with 

minimal systemic absorption, substantially reducing 

infection and other adverse effects while 

maintaining meaningful therapeutic responses[^32].   

 

5.4 Safety Monitoring and Pharmacovigilance 

 

JAK inhibitor therapy requires comprehensive 

monitoring protocols due to risks of serious 

infections, hematologic abnormalities, 

hepatotoxicity, lipid elevation, and potential 

cardiovascular effects[^33]. Baseline laboratory 

assessments including complete blood counts, 

comprehensive metabolic panels, lipid profiles, and 

tuberculosis screening precede therapy initiation. 

Periodic monitoring at 4-8 weeks then every 3-6 

months during continued therapy ensures early 

detection of adverse effects[^34]. Serious infections 

occur at 1.6-2.3 per 100 patient-years, with 

opportunistic pathogens and tuberculosis 

reactivation representing most clinically significant 

events. Enhanced monitoring protocols identify 

high-risk patients including those >65 years, with 

immunocompromised states, or baseline 

cytopenias[^35].   

 

6. Emerging and Future  Therapeutic 

Approaches  

 

6.1 Mesenchymal Stem Cell Therapy  

 

Mesenchymal stem cells possess potent 

immunomodulatory properties enabling suppression 

of excessive immune responses while promoting 

tissue regeneration. Preclinical models demonstrate 

that stem cell therapy significantly reduces 

inflammatory cytokines including JAK1, JAK2, 

STAT proteins, and interleukins 1β, 16, 17α, and 18. 

Clinically, patients receiving autologous 

adiposederived stem cell injections reported 

significant hair regrowth in >50% with sustained 

benefits through 1-2 year follow-up periods[^36].  

6.2 Gene Therapy and Genome Editing 

 

Gene therapy approaches aim to restore immune 

tolerance or correct genetic susceptibilities 

predisposing to disease. CRISPR-Cas9 technology 

theoretically permits correction of specific genetic 

variants associated with alopecia areata, though 

significant technical and ethical challenges require 

resolution before clinical application[^37]. Ex vivo 

approaches where patient cells undergo genetic 

modification in culture before reimplantation may 

offer safer alternatives to direct in vivo gene 

delivery.   

 

6.3 Microneedle Patch Technology 

 

Innovative drug delivery systems using dissolvable 

micro needle patches enable painless patient 

administered therapy directly to scalp regions, 

addressing major limitations of conventional painful 

intralesional injections. This technology permits 

sustained drug release with optimal patient 

compliance compared to traditional office-based  

procedures[^38]. 9   

 

6.4 Personalized Medicine and Biomarker  

Development 

 

Personalized medicine approaches integrating 

genetic profiling, molecular biomarker assessment, 

and clinical characteristics promise to enable 

individualized treatment selection. 

Pharmacogenomic testing may predict which 

patients respond optimally to specific JAK 

inhibitors or alternative therapies. Gene expression 

signatures derived from scalp biopsies or blood 

samples serve as molecular biomarkers monitoring 

treatment response and predicting relapse risk[^39].   

 

6.5 Prevention Strategies 

 

Lifestyle modifications including stress 

management, smoking cessation, adequate sleep (78 

hours nightly), anti inflammatory dietary patterns, 

and micronutrient optimization may reduce disease 

risk or severity in susceptible populations. While 

curative prevention remains elusive, these low-risk 

interventions provide multiple health benefits 

beyond alopecia areata prevention[^40].   
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7. Epidemiology and Psychosocial Impact 

 

Alopecia areata demonstrates 0.1-2% population 

prevalence with 1.7% lifetime risk, exhibiting no 

clear sex predominance though some studies suggest 

slight female predominance (approximately 2:1 

ratio). Peak disease onset occurs in third and fourth 

decades, though manifestation can occur at any age. 

Geographic variations with highest prevalence in 

Asian populations and lowest in African populations 

reflect genetic and environmental differences. 

Beyond physical manifestations, alopecia areata 

profoundly impacts psychological wellbeing and 

quality of life. The condition's unpredictable course 

characterized by cycles of hair loss and regrowth 

creates ongoing psychological distress affecting 

social relationships, occupational functioning, and 

self-esteem. Strong associations with autoimmune 

comorbidities (2.7-fold increased risk) and 

psychiatric disorders (1.3-fold increased risk) 

necessitate comprehensive care addressing multiple 

disease dimensions.   

 

8. Pharmacovigilance and Market 

Considerations 

 

Post-market surveillance systems systematically 

monitor adverse events and safety signals through 

FDA MedWatch and EudraVigilance platforms. 

Periodic Safety Update Reports submitted to 

regulatory agencies document adverse event trends, 

analyze benefit-risk profiles, and recommend 

labeling modifications when new safety information 

emerges[^41]. High-risk populations require 

enhanced monitoring including individuals >65 

years, immunocompromised patients, those with 

active infections or tuberculosis history, and patients 

receiving concurrent immunosuppressive 

medications[^42].   

 

Successful market preparation ensures therapies 

demonstrating clinical efficacy become safely and 

effectively available to patients. Key considerations 

include manufacturing scale-up, healthcare provider 

training programs, establishment of supply chain 

logistics, and implementation of Risk 10 Evaluation 

and Mitigation Strategy programs mandating 

provider certification and patient education[^43].  

 

 9. Conclusion 

Alopecia areata continues to present significant 

clinical challenges requiring comprehensive 

understanding across multiple disciplines. Recent 

breakthroughs in targeted JAK inhibitor 

development have transformed therapeutic 

possibilities for patients with moderate-to-severe 

disease. Integration of novel therapies with 

traditional approaches, emphasis on personalized 

medicine integration, attention to comorbidities and 

psychological wellbeing, and patientcentered care 

models  will optimize outcomes for affected 

individuals.  

Future advancement depends on continued 

basic research elucidating precise 

diseasemechanisms, clinical trials evaluating 

emerging therapies, translational research bridging 

laboratory discoveries to clinical applications, and 

collaborative efforts among researchers, clinicians, 

patients, advocacy organizations, and 

pharmaceutical companies. The remarkable 

transformation from limited treatment options to 

multiple FDA-approved targeted therapies within 

just several years demonstrates the power of 

mechanism-based drug discovery and promises 

continued progress toward increasingly effective 

interventions[^44].  
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