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Editorial on the Research Topic
 Vitiligo: from obscurity to spotlight – Advancing care with new therapies and AI





Introduction

For a long time, vitiligo sat in what one might call a medical blind spot: too visible on the skin to ignore, yet strangely invisible in research budgets (1). It was easy to dismiss as “cosmetic,” to reassure patients with vague platitudes, and to move on to diseases that looked more serious on grant applications. Over the last decade, that posture has become increasingly untenable. If you follow the molecules, the data, and the patient stories—rather than the shifting social media optics—you see a field undergoing a genuine shift.

This Research Topic, “Vitiligo: From Obscurity to Spotlight – Advancing Care with New Therapies and AI,” was launched in September 2024 to capture that moment. Our aim as Topic Editors was not to curate a glossy showcase of the latest buzzwords but to bring together work that actually moves the needle: on therapies, on quality of life, on digital tools, and on the lived experience of people with vitiligo.



From submissions to a curated Research Topic

Since launch, the Topic has attracted 21 submissions. After peer review, eight manuscripts were rejected, giving a rejection rate of approximately 40%. In other words, this Research Topic is not a transcript of everything that arrived in our inbox; it is a filtered snapshot of where evidence, methods, and clinical relevance aligned.

The 12 published articles can be grouped into five thematic clusters:

	• AI and digital health (4 articles)
	• Patient journey and care models (3 articles)
	• Quality of life and sociodemographic burden (2 articles)
	• Global advocacy and real-world impact (2 articles)
	• Emerging regenerative approaches (1 article)

At the time of writing, these contributions have generated a total of 28,000 views and 4,800 downloads. For a disease that until recently struggled to get a single dedicated clinical trial funded, this level of engagement is not trivial.



AI and digital health: beyond buzzwords

A prominent thread across the Topic is the maturation of digital and AI tools from conceptual promise toward clinical and operational relevance.

One original research contribution, “Prototype of a Multimodal AI System for Vitiligo Detection and Mental Health Monitoring,” integrates lesion detection with patient-reported psychological signals, illustrating a practical psychodermatology direction: measurement of skin status alongside structured monitoring of wellbeing (Biró et al.).

A complementary opinion article from Canada, “Technological Advances in Vitiligo Management: Perspectives on AI, Mobile Tools, and Clinical Utility,” takes a broader lens, surveying AI-driven diagnostics, mobile tools, and clinical decision-support systems (Parikh et al.). It is cautiously optimistic: new tools can extend the reach of dermatology but only if they are validated, explainable, and integrated into workflows rather than bolted on as gadgets.

The article “Potential of Automated Image Analysis for the Measurement of Vitiligo Lesions” from Italy moves the conversation down to the algorithmic fundamentals: segmentation, repeatability, and the elusive quest for standardization (Mazzetto et al.). It reminds us that good AI is 10% “intelligence” and 90% data hygiene and measurement discipline.

Finally, ”Advancing Vitiligo Care in Russia: Landscape, Lessons, and a Scalable Digital Health Strategy” proposes a coordinated national approach combining teledermatology, electronic records, and AI-enabled workflows to expand access across a geographically distributed population (Borodina et al.). The article also highlights locally developed therapeutics [including sodium acridone acetate (2)], illustrating how potentially useful regional practices can remain underrepresented internationally without the infrastructure and incentives required for broader evaluation.

More broadly, it is a reminder that some promising therapeutic approaches stay confined to regional practice—not because they lack merit but because international validation, multicenter trials, and regulatory pathways are costly and complex.

Across these contributions, the unifying question is not whether the technology can be built but whether it can be deployed in a way that improves access, measurement, continuity of care, and, ultimately, outcomes.



Quality of life and patient experience: putting numbers to lived reality

Another strong axis of the Topic is the quantification and narration of the patient experience. Two original research articles from Romania—“Comprehensive Analysis Of Life Quality Of Patients With Vitiligo in Romania: insights from a multivariate approach” and “Evaluation of the Clinical and Sociodemographic Features Of Patients With Vitiligo From The Central Region Of Romania”—connect clinical variables to real-world burden, showing how disease extent, duration, and social context intersect to shape quality of life (Fekete, Bacârea et al., Fekete, Fekete et al.).

Complementing these quantitative views are three patient-centered opinion pieces.

- “Understanding Vitiligo Through the Eyes of a Typical Patient in the U.S.” walks the reader through what an “ordinary” journey actually feels like in a high-income healthcare system—delays, mixed messages, self-experimentation, and the constant negotiation between treatment fatigue and hope (Valle, Lotti, Sigova).

- “Mapping the Vitiligo Patient Journey: From Awareness to Treatment or Coping Strategies” zooms out to identify key transition points and decision nodes along that journey (Valle, Lotti, Towheed et al.).

- “Vitiligo: a Call for Paradigm Shift Toward Comprehensive Patient Care” argues for long-term planning that includes not only lesion-focused procedures but also comorbidity awareness and psychological support (Sigova et al.).

Together, these articles reinforce a practical point: improved therapies are necessary, but they are not sufficient if access, education, continuity, and psychosocial support remain inconsistent.



Emerging therapeutics and regenerative approaches

Therapeutic innovation appears in this Topic through “Injectable Crosslinked HA Hydrogel: A Promising Carrier for Cell Transplantation to Treat Stable Vitiligo,” which illustrates how biomaterials may support regenerative and cell-based strategies in appropriately selected patients (Zheng et al.).

This contribution is also a reminder that vitiligo care is unlikely to converge on a single universal solution. Durable progress will likely be plural and combination-based—integrating topical agents, systemic therapies, phototherapy, surgery, and regenerative approaches in tailored regimens rather than relying on a single “one-size-fits-all” mechanism.



World Vitiligo Day and the politics of visibility

Vitiligo does not exist in a social vacuum, and neither does vitiligo research. Two opinion articles examine World Vitiligo Day (WVD) as both a patient-led movement and a mechanism for sustained change (3). “World Vitiligo Day: A Model for Grassroots Medical Activism and Pharmaceutical Innovation” describes how awareness can translate into research attention and industry engagement (Valle, Arenas Soto, et al.). “World Vitiligo Day: Lessons from Mexico's Annual Headquarters and Its Real-World Impact” provides a longitudinal country case study of how consistent national involvement can strengthen patient education, specialized services, and local ecosystems (Ocampo-Candiani et al.).

The broader implication is that visibility matters most when it builds durable structures—registries, centers of expertise, patient organizations, and reproducible care pathways.



A unifying framework

Across themes, three messages recur.

First, vitiligo is increasingly understood as a chronic, immune-mediated disease with meaningful clinical and psychosocial consequences, requiring longitudinal care models rather than episodic, lesion-only interventions.

Second, AI and digital tools are advancing rapidly, but their value depends on validation, measurement discipline, and thoughtful implementation, not terminology.

Third, the greatest impact emerges at the intersection of therapies, digital infrastructure, and patient-centered systems: effective treatments should reach patients through pathways shaped by accurate information, appropriate triage and monitoring, and supportive communities.

This can be conceptualized as a three-layer framework: (i) therapies and regenerative approaches, (ii) digital and AI infrastructure, and (iii) patient journey and advocacy. Where these layers overlap lies the practical goal of durable and equitable improvement in outcomes for people living with vitiligo.



Looking ahead

As Topic Editors, we are grateful to the authors, reviewers, and readers who contributed to this Research Topic. Our hope is that “Vitiligo: From Obscurity to Spotlight – Advancing Care with New Therapies and AI” will serve not only as a record of where the field stands today but as a reminder of what still needs to be done.

Vitiligo has entered the spotlight. The next task is to ensure that increased attention translates into clarity—about therapies, about tools, and about the care structures that enable people with vitiligo not merely to cope but to live well.
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1 Introduction

Vitiligo has been known since ancient times as a depigmentation disorder that severely impacts quality of life (11). This autoimmune condition, caused by the loss of melanocytes and resulting in white patches on the skin, is relatively common and straightforward to diagnose. However, despite recent advances in understanding its pathogenesis and refining management strategies, effective treatments remain elusive (12).

We read with great interest the article by Juntongjin et al. (1) on the awareness of vitiligo among multi-ethnic populations visiting a private hospital in Bangkok, Thailand. The authors found that individuals of Arab descent had the highest knowledge scores, while those of European origin exhibited the most positive attitudes. In response to their conclusion that “global awareness of vitiligo should be emphasized,” we would like to share our experience with the World Vitiligo Day (WVD) annual campaign headquarters in Mexico and highlight its impact both online and offline, offering it as a potential model for future events.



2 World Vitiligo Day: a global initiative


2.1 Evolution and recognition

Since its modest beginning as a 3-h inauguration event at the University of Guglielmo Marconi (Rome, Italy) in 2012, WVD has grown into an annual, global 3-day celebration (2). Thanks to community leaders such as Valarie Molyneaux from VITFriends and countless others, the campaign has received official recognition from over 20 U.S. city mayors and state governors, including the most recent by the General Assembly of Pennsylvania State House (3).

In 2019, the rolling WVD headquarters were set in Hanoi, Vietnam, where the event gained formal recognition from the Vietnamese government—a significant milestone in its regional impact, which we hypothesize may have also influenced vitiligo awareness in Thailand (4).



2.2 Mexico: empowering awareness and education

The 12th edition of WVD, hosted in Mexico in 2022, exemplified the campaign's influence on vitiligo awareness and education. Under the theme “Learning to Live with Vitiligo,” the event was led by Drs. Jorge Ocampo-Candiani and Rossana Llergo Valdez, with key contributions from Drs. Judith Domínguez Cherit, José Alberto Ramos Garibay, Abraham Alfaro García, and Karen Férez Blando. This event went beyond awareness-raising and significantly enhanced education for both patients and physicians.

On June 22, the WVD event opened with a press conference in the Senate's Federalism Courtyard, broadcast live on Parliament TV (Figure 1). Senator Antares Vázquez Alatorre emphasized the need for Mexico to improve medical care and establish policies to enhance the visibility and understanding of skin conditions.


[image: Press conference at the Mexican Senate with seven people standing on a platform, microphones and cameras recording, a large illustrated poster held on the left, and an official backdrop behind them.]
FIGURE 1
 WVD opening ceremony at the Senate of Mexico was broadcast live on Parliament TV. From left to right: (name of assistant not recorded), Karen Férez, Jorge Ocampo-Candiani, Yan Valle, Garcia Morena, Torello Lotti, and Antares Vázquez Alatorre. Image provided by Julia Sigova.


The Scientific Session included contributions from 21 local clinicians and international experts over the next 2 days. Dr. Torello Lotti presented the latest advancements in vitiligo treatment, advocating a three-step approach centered on awareness, education, and professional care. Yan Valle introduced the “Vitiligo Patient Journey Map,” a tool designed to help patients and doctors navigate both treatment and non-treatment options more effectively (13).

On June 25, the formal date of World Vitiligo Day, a Patient Information Session was held at the Instituto Nacional de Ciencias Médicas y Nutrición. Workshops addressed vitiligo's impact on childhood, sexuality, work, and aesthetics, including a self-makeup session. A photographic exhibition titled “Vitiligo: A Colorful Skin” celebrated the beauty and diversity of vitiligo in the National Science Institute's exhibition hall. This patient-centered approach aligns with Juntongjin et al.'s findings on the importance of addressing misconceptions and fostering positive attitudes toward vitiligo.



2.3 Real-world impact and outcomes

The lasting impact of WVD 2022 in Mexico is evident in the growth of the Mexican Vitiligo Foundation (MVF), led by Dr. Karen Férez. While establishing and maintaining a local support community for vitiligo patients can be challenging, it is highly rewarding (5). Since 2022, the MVF has been particularly successful in helping individuals—especially those outside the healthcare system—come to terms with their condition and improve their quality of life through education, workshops, and creative projects.

Evidence supports the benefits of peer support provided by “promotores de salud” (community health workers) (6). Google Trends data further illustrate the campaign's impact: a significant spike in vitiligo-related searches followed WVD 2022 in Mexico, highlighting increased awareness and engagement. Although Google Trends provides only relative search volume, not absolute values, it allows for comparisons between dermatological conditions (7). Unlike melanoma or atopic dermatitis, which experienced cyclical search trends with modest growth over the last 3 years, vitiligo-related searches surged notably after the WVD event.




3 Discussion

The success of the WVD campaign, particularly the 12th edition in Mexico, underscores the effectiveness of targeted awareness initiatives in dermatology (8). These outcomes reinforce the importance of focused efforts in education and awareness, addressing the gaps identified by Juntongjin et al. in multi-ethnic populations.

This strategy has repeatedly proven to be the most effective path forward across several healthcare domains (9, 10). When the local groundwork is already laid, WVD acts as a catalyst, propelling awareness efforts and supporting the scientific and medical advancements happening on the ground. It is this combination of global reach and local activation that drives the campaign's success and, in turn, increases vitiligo awareness among ethnic communities.

Given the dynamic nature of awareness campaigns, both in-person and online, future studies should use statistical techniques such as controlled experiments, data normalization, and segmented analysis. These methods will help collect detailed insights, mitigate potential biases, and assess shifts in user awareness and behavior following the next round of the WVD campaign.
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1 Introduction

Dermatology encompasses over 3,000 distinct diseases, yet comprehensive data capturing the full patient journey—from onset to diagnosis and treatment—remains scarce (1). Traditional patient journey maps, where available, often depict linear progressions within healthcare settings, oversimplifying the experience. These models frequently fail to reflex the non-linear, and cyclical nature of chronic conditions like vitiligo.

Vitiligo, a chronic autoimmune disorder characterized by unpredictable skin depigmentation, affects approximately 1% of the global population, with prevalence ranging from 0.1% to 2.0% depending on the region (2). Despite recent advancements in the understanding and treatment of vitiligo, patients frequently encounter significant challenges in navigating their care journey (3). While clinical advancements have improved treatment options, a gap remains in understanding how patients experience and navigate their care journeys.

The Vitiligo Patient Journey Map (VPJM) was developed to bridge this gap. It offers a structured view of the patient's journey, highlighting critical touchpoints and decision-making moments that influence outcomes. Rooted in mixed-methods research, the VPJM aims to guide clinicians, empower patients, and inform health policy to create a more patient-centered approach to care.



2 Discussion


2.1 Methodology

The VPJM was developed using a rigorous mixed-methods approach (4). This included the analysis of 982 electronic patient records from a proprietary health record system, Vitiligo CloudBank (formerly Cloud MRM) (5), alongside an online survey of 532 patients.

The patient records, spanning 2012 to 2020, were accessed through the system's admin panel in January 2021. These de-identified records contained detailed data on vitiligo diagnoses, treatment specifics, and follow-up outcomes. Data extraction, facilitated by the system's built-in export feature into Excel, captured variables such as patient age, age at onset, body surface area (BSA) affected, Fitzpatrick skin type (I–VI), dates of updates, and types and numbers of treatments prescribed. Statistical analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

The survey, based on the previously published Vitiligo Questionnaire, Version 4.0, consisted of 40 questions across seven dimensions (6). Conducted from September 12 to November 20, 2021, it was emailed to over 21,500 potential participants worldwide. Respondents began with a brief screener to collect basic demographics, confirm a vitiligo diagnosis, and obtain consent. Of the 889 individuals who passed the screening, 532 completed the full 20-minute survey. No personally identifiable information was collected at any stage. Responses were coded and analyzed using NVivo for Mac (Lumivero, Denver, CO, USA).

To visualize the patient journey, a medium-fidelity digital wireframe was created using Miro, an online whiteboard tool (Los Angeles, CA, USA). The map was structured along an X-axis with three cardinal points—“White Spot,” “Beautiful,” and “Spotless”—representing phases of the journey characterized by distinct patient experiences and emotions. An initial Y-axis, intended to depict potential causes or triggers of vitiligo, was later omitted to streamline the design.

The prototype underwent multiple iterations, with input from a team of 11 experts and three dermatologists, experienced in treating vitiligo. Consensus was achieved on the interdependencies of each element before advancing the design.

This methodology allowed us to capture a wide range of patient experiences, from initial symptom recognition to long-term management strategies.



2.2 Key findings

Our analysis revealed consistent demographic patterns across both data sources. The median ages were 42 years (medical records) and 37 years (survey), with 51%–53% of participants being female in both groups. The median age at diagnosis was 28 and 32 years, with an average disease duration of 13 and 11 years, respectively. Additionally, 38%–32% of patients reported a known family history of vitiligo. The ethnic composition in the medical records was 3% Latino, 8% Asian, 9% Black, 69% White, and 11% multiracial, while the survey did not include ethnicity-specific questions.

Clinicians estimated a median body surface area (BSA) affected by vitiligo of 4.9%. Notably, 51.9% of patients had more than 5% BSA affected, likely reflecting a higher propensity for patients with more noticeable lesions to seek medical attention. Of all cases, 12% were minor or stable, requiring little to no therapeutic intervention and resulting in no significant sequelae.

A third of the patients had undergone an average of 6.2 different treatments over the course of managing their condition. These interventions included phototherapy (UVA, UVB, intense pulse light systems), topical and systemic treatments (all off-label), depigmentation and camouflage techniques, and various supplements (vitamins, minerals, plant extracts).

Disease progression varied significantly among the medical records: 6% of participants experienced no progression, 32% reported slow progression, while the majority faced medium to rapid progression. Over 40% of respondents had been initially misdiagnosed, with some variation in the rate across countries. Care was fragmented, with patients consulting an average of 2.3 specialists over 7.8 months—significantly shorter than the 2.4 years reported in the VALIANT study (7). Patients had also tried an average of 5.9 treatments in total. Diagnosis and treatment timelines varied geographically, ranging from days to several years.

Treatment adherence posed a significant challenge. While 45% of survey respondents reported taking weeklong treatment breaks, the actual rate of non-adherence is likely higher. The primary reason cited was a lack of noticeable improvement after 3 months. Some patients discontinued treatment prematurely, assuming their symptoms had resolved, while others struggled with barriers like social, educational, or domestic responsibilities, making regular phototherapy sessions difficult to sustain.



2.3 Map design


2.3.1 Patient-friendly format and design

The VPJM is designed to be intuitive and accessible for both patients and healthcare providers (Figure 1). Inspired by a familiar layout of a transit system, the map features color-coded lines representing key aspects of the vitiligo journey: medical treatments, emotional support, and cosmetic solutions. Humor in naming the elements adds a lighthearted touch, making complex processes more approachable.
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FIGURE 1
Vitiligo Patient Journey Map final design. A high-resolution version is available in multiple languages from the corresponding author.


The map is organized into three main sections:


	-Highlands: Healthcare and treatment experiences

	-Foggy Bottom: Social support and alternative treatments

	-Long Island: Non-treatment and cosmetic management options



This structure helps patients visualize pathways for treatment, alternative options, or acceptance and coping strategies.



2.3.2 Comprehensive approach

VPJM uniquely includes both treatment and non-treatment pathways, validating diverse patient choices. Each “station” represents a critical interaction—whether with the healthcare system, community, or a “moment of truth” where expectations meet reality.

The journey begins at “White Spot,” symbolizing initial symptom awareness. The treatment pathway tracks progression from early online research (“Dr. Google”) to consultations and various therapies. Non-treatment paths include stations like “Beautiful,” a hub for cosmetic solutions and social support, highlighting non-medical coping as a valid choice (8).



2.3.3 Timestamps and patient expectations

A standout feature of the map is its timestamps, which:


	•Set realistic timelines for treatment progress

	•Emphasize adherence by showing timeframes for visible improvements and relapse risks



The cyclical nature of vitiligo management is illustrated by a “Maintenance Circle,” stressing ongoing care to prevent relapses (9). This is vital, as over 40% of patients relapse within 4 years of achieving repigmentation.



2.3.4 Key insights and special features

Several special features provide deeper insights into the vitiligo experience:


	1.Vicious Circle: Represents the common year-long cycle of self-diagnosis, self-management, and alternative treatments before seeking expert care.

	2.Lottery Line: Acknowledges rare cases where dietary changes significantly impact vitiligo, highlighting nutrition's role and occasional misdiagnoses (10).

	3.Early Bird Station: Shows patients who discontinue treatment prematurely—often within 7 months—mistakenly believing their symptoms are resolved.



By mapping the multifaceted journey of vitiligo patients, the VPJM offers not only a practical roadmap for care but also a tool for managing expectations and improving communication between patients and providers.




2.4 Practical applications

The VPJM holds promise for advancing patient-centered dermatology in the following ways:


	a.Clinical Workflows: By providing a structured understanding of the patient journey, the VPJM can improve communication between patients and providers, set realistic treatment expectations, and enhance adherence.

	b.Healthcare Provider Training: The map can be used to educate providers about the holistic needs of vitiligo patients, including psychosocial support and interdisciplinary care.

	c.Health Policy and Advocacy: Policymakers can leverage the VPJM to design interventions that address gaps in care and promote equitable access to treatment.

	d.Chronic Disease Management: While tailored for vitiligo, the VPJM's principles can be adapted to other chronic conditions, offering a blueprint for improving patient journeys in diverse healthcare settings.





2.5 Limitations

Developing healthcare tools like the VPJM often prioritizes addressing patients' immediate needs over achieving academic rigor, reliability, or broad generalizability (11). The VPJM is not intended as a comprehensive disease management guide but as a practical, user-friendly resource to support informed decision-making in clinical and support group settings.

This study has several limitations. Data were primarily sourced from an internal database and online surveys, which may limit generalizability. Common issues with online surveys, such as selection bias and restricting participation to internet users, are present. Additionally, English-only documents likely excluded non-English speakers. The interpretation relied on expert opinion, and patient-reported outcomes are inherently subject to recall bias, measurement errors, and potential misinterpretation. Finally, the VPJM has not yet been validated across all stakeholder groups, and further research is needed to evaluate its impact on patient outcomes and satisfaction.




3 Conclusions

To our knowledge, the VPJM is the first comprehensive patient journey map for individuals living with vitiligo, encompassing both treatment and no-treatment options. It highlights a non-linear journey that contrasts sharply with traditional patient journey maps, which typically suggest a clear start and endpoint. Instead, the vitiligo patient journey begins well before initial care and extends beyond discharge, characterized by multiple interconnected pathways and recurring loops of treatment and relapse.

The VPJM charts the path from pre-diagnosis through various decision-making points, leading to treatment or non-treatment pathways. Visually represented as a transit map with stations, lines, and estimated travel times, the VPJM reflects the non-linear and cyclical nature of care, including treatment phases, self-care missteps, and relapses.

Our findings reveal that each patient's journey is unique, varying across genders, cultures, and healthcare systems. Patients often engage with diverse providers—from general practitioners to mental health counselors—each offering distinct contributions. Importantly, the VPJM highlights the critical role of community support in decision-making, showing that many patients delay effective treatment due to misinformation or resource gaps. This underscores the need for early consultation and clear communication of treatment options, objectives, and timelines by healthcare providers and support groups. The map also emphasizes the importance of maintenance therapy to prevent or delay relapses.

We envision the VPJM as a practical tool for healthcare and support group settings, sparking meaningful conversations with newly diagnosed or returning patients. Policymakers and health system managers can also leverage the map to identify gaps in care, optimize resources, and improve system efficiencies (12). Such efforts could enhance health literacy, empowering patients to take a more active role in managing their condition.

While this research is a meaningful step toward creating patient-centered journey maps for vitiligo, it has limitations. The analysis relies on a single dataset and self-reported outcomes, underscoring the need for further research across diverse populations and countries. Despite this, the VPJM provides a strong foundation for future collaborations to deepen our understanding of the complex factors shaping the vitiligo experience.



Ethics statement

The study was conducted in accordance with the principles of the Declaration of Helsinki. No personally identifiable information was collected or used during the study, and thus no Ethics Committee approval was required.



Author contributions

YV: Conceptualization, Visualization, Writing – original draft, Writing – review & editing. TL: Supervision, Writing – original draft, Writing – review & editing. ST: Resources, Writing – original draft, Writing – review & editing. JS: Data curation, Investigation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was partially supported by grants from the Aksenov Family Foundation and Incyte, both of which played no role in the analysis of the data, design, or execution.



Acknowledgments

We extend our deep gratitude to graphic designer Margarita Solodova for her professional assistance.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

	1. McGrath BM, Hughes O. The dermatology patient journey from initial consultation to diagnosis. J Eur Acad Dermatol Venereol. (2023) 37(Suppl 7):25–6. doi: 10.1111/jdv.18987
	2. Gandhi K, Ezzedine K, Anastassopoulos KP, Patel R, Sikirica V, Daniel SR, et al. Prevalence of vitiligo among adults in the United States. JAMA Dermatol. (2022) 158(1):43–50. doi: 10.1001/jamadermatol.2021.4724
	3. Bibeau K, Ezzedine K, Harris JE, van Geel N, Grimes P, Parsad D, et al. Mental health and psychosocial quality-of-life burden among patients with vitiligo: findings from the global VALIANT study. JAMA Dermatol. (2023) 159(10):1124–8. doi: 10.1001/jamadermatol.2023.2787. Erratum in: JAMA Dermatol. (2024) 160(1):118. 10.1001/jamadermatol.2023.4958
	4. Philpot LM, Khokhar BA, DeZutter MA, Loftus CG, Stehr HI, Ramar P, et al. Creation of a patient-centered journey map to improve the patient experience: a mixed methods approach. Mayo Clin Proc Innov Qual Outcomes. (2019) 3(4):466–75. doi: 10.1016/j.mayocpiqo.2019.07.004
	5. Valle Y, Couture P, Lotti T, Korobko I. Cloud medical research management (MRM): a bio-IT tool for correlative studies in dermatology. Treat Strategies. (2011) 1(1):82–6.
	6. Valle Y, Korobko I, Sigova J, Borodina M, Lomonosov K, França K, et al. Patient-reported outcomes: a 5-year long study reveals previously unreported therapeutic, demographic, socio-economic, and other correlations in vitiligo. Dermatol Ther. (2018) 31(5):e12620. doi: 10.1111/dth.12620
	7. Hamzavi IH, Bibeau K, Grimes P, Harris JE, van Geel N, Parsad D, et al. Exploring the natural and treatment history of vitiligo: perceptions of patients and healthcare professionals from the global VALIANT study. Br J Dermatol. (2023) 189(5):569–77. doi: 10.1093/bjd/ljad245
	8. Gianfaldoni S, Tchernev G, Lotti J, Wollina U, Satolli F, Rovesti M, et al. Unconventional treatments for vitiligo: are they (un) satisfactory? Open Access Maced J Med Sci. (2018) 6(1):170–5. doi: 10.3889/oamjms.2018.038
	9. Cavalié M, Ezzedine K, Fontas E, Montaudié H, Castela E, Bahadoran P, et al. Maintenance therapy of adult vitiligo with 0.1% tacrolimus ointment: a randomized, double blind, placebo-controlled study. J Invest Dermatol. (2015) 135(4):970–4. doi: 10.1038/jid.2014.527
	10. Di Nardo V, Barygina V, França K, Tirant M, Valle Y, Lotti T. Functional nutrition as integrated approach in vitiligo management. Dermatol Ther. (2019) 32(4):e12625. doi: 10.1111/dth.12625
	11. Oliveira M, Zancul E. Fleury AL design thinking as an approach for innovation in healthcare: systematic review and research avenues. BMJ Innov. (2021) 7:491–8. doi: 10.1136/bmjinnov-2020-000428
	12. Bazzano AN, Martin J, Hicks E, Faughnan M, Murphy L. Human-centred design in global health: a scoping review of applications and contexts. PLoS One. (2017) 12(11):e0186744. doi: 10.1371/journal.pone.0186744



Abbreviation
VPJM, Vitiligo Patient Journey Map.











	
	OPINION
published: 20 February 2025
doi: 10.3389/fmed.2025.1504460






[image: image2]

Vitiligo: a call for paradigm shift toward comprehensive patient care

Julia Sigova1,2*, Maria Borodina3, Aliya Kassymkhanova4, Nigora Murotova5, Konstantin Lomonosov6 and Torello Lotti2


1Department of Neonatology, Faculty of Continued Medical Education, Pirogov Russian National Research Medical University, Moscow, Russia

2Department of Dermatology, University of Studies Guglielmo Marconi, Rome, Italy

3Russian Children's Clinical Hospital, Pirogov Russian National Research Medical University, Moscow, Russia

4Vitiligo Center, Almaty, Kazakhstan

5Center for the Development of Professional Qualifications of Medical Workers, Department of Medical Engineers and Technicians in Medical and Innovative Technologies, Tashkent, Uzbekistan

6Department of Dermatology and Communicable Diseases, Ministry of Health, I.M. Sechenov First Moscow State Medical University, Moscow, Russia

Edited by
Luca Mastorino, University of Turin, Italy

Reviewed by
Sorina Danescu, University of Medicine and Pharmacy Iuliu Hatieganu, Romania

*Correspondence
 Julia Sigova, sigovay@gmail.com

Received 30 September 2024
 Accepted 06 February 2025
 Published 20 February 2025

Citation
 Sigova J, Borodina M, Kassymkhanova A, Murotova N, Lomonosov K and Lotti T (2025) Vitiligo: a call for paradigm shift toward comprehensive patient care. Front. Med. 12:1504460. doi: 10.3389/fmed.2025.1504460



Keywords
quality of life, psychosocial, vitiligo, artificial intelligence, psychiatric comorbidity


1 Introduction

Vitiligo affects millions globally, yet care remains fragmented and insufficiently holistic. This work builds on the EADV Task Force's position on quality of life (QoL), proposing a paradigm shift that redefines vitiligo as a complex condition with physical, psychological, and social dimensions (1). Beyond dermatologic concerns, this approach integrates emerging tools like artificial intelligence (AI) and emphasizes comprehensive care to improve patient outcomes.



2 Real-world considerations in vitiligo


2.1 Prevalence and impact

Vitiligo affects 0.5%–1.5% of the global population, disproportionately impacting youth and working-age adults (2). Societal biases against skin variations exacerbate the psychological and social challenges faced by individuals, particularly in regions where skin color holds significant cultural importance.



2.2 Triggers and aggravation factors

Vitiligo is complex, with multiple potential triggers and aggravating factors that may persist even after successful treatment. These include physical trauma (Koebner phenomenon), emotional stress, hormonal changes, and exposure to certain chemicals or medications. Recent metagenomic sequencing study demonstrates a credible basis for exploring altered gut microbiota in patients with non-segmental vitiligo (3, 4). In some Central Asian countries, like Kazakhstan and Uzbekistan, hospital intake screening often reveals gut dysbiosis and parasitic infestations in vitiligo patients, emphasizing the need for local research and tailored interventions.



2.3 Psychiatric comorbidities

The prevalence of psychiatric comorbidities among vitiligo patients is alarmingly high. Studies report a wide range of prevalence for depression (0.1%−62.3%) and anxiety (1.9%−67.9%) (5). Vitiligo patients also have a significantly higher risk of obsessive-compulsive disorder, adjustment disorders, social phobia, and sleep disturbances (6). Suicidal ideation is a significant concern, particularly in children and adolescents with vitiligo.

In line with these observations, we propose a detailed psychological screening protocol. This includes administering validated tools such as the Patient Health Questionnaire-9 (PHQ-9) for depression and the Generalized Anxiety Disorder-7 (GAD-7) for anxiety. Additionally, referrals to mental health professionals should be routine for patients exhibiting signs of psychiatric distress.



2.4 Physiological impact beyond the skin

Vitiligo's physiological impact extends beyond the skin, with links to visual and auditory abnormalities, and heart conditions (7). The role of resident memory T cells (TRM) emphasizes the connection between vitiligo and the nervous system (8). This interaction may contribute to the pathogenesis of organ-specific autoimmune disorders often associated with vitiligo, such as inflammatory bowel disease, multiple sclerosis, and type 1 diabetes mellitus.



2.5 Psychosocial implications

Vitiligo significantly impacts patients' emotional wellbeing and social interactions (9). Many individuals experience stress, anxiety, depression, and low self-esteem, often feeling self-conscious about their appearance. Social stigma further exacerbates these challenges, as patients may face ostracism, teasing, and misconceptions about the disease being contagious. This stigma can affect personal relationships, career opportunities, and marriage prospects, particularly in communities where skin conditions carry strong social stigma.



2.6 Economic and familial considerations

Assessing both healthcare and non-healthcare costs associated with vitiligo is crucial, particularly in countries lacking government or commercial insurance support (9). The impact on parents' mental health, quality of life, and socioeconomic status must also be considered, especially in developing countries where cultural and social pressures exacerbate these challenges.




3 Artificial intelligence in vitiligo management

AI holds significant promise for managing vitiligo, especially in developing countries with limited access to advanced treatments and basic phototherapy tools (10). However, current AI diagnostic systems struggle due to a lack of diverse image datasets, particularly for populations with skin of color (SOC) (11).

A major limitation is regional bias in training datasets. The commonly used Fitzpatrick Skin Phototype scale fails to fully capture the range of SOC tones, especially in regions like Central Asia. Addressing this requires collaboration with local healthcare providers and the integration of more inclusive classifications, such as the Monk Skin Tone Scale, to improve diagnostic accuracy.

Other challenges include the high cost of AI integration and technological gaps in underserved areas. Partnerships with non-profits and government programs can help overcome these barriers by subsidizing deployment and training healthcare workers in AI-assisted care.

A notable example of an AI application in resource-limited settings is the AI-Guide on Vitiligo, developed by the non-profit Vitiligo Research Foundation (VRF) (12). Acting as a prototype for future teledermatology and patient support services, this human-like AI avatar now provides real time responses via text, voice, or video. It expertly covers topics from triggers to mental health, explores a full range of treatment options, and connects patients with nearby specialists.



4 Proposed comprehensive care approach

We propose reframing vitiligo as a condition requiring comprehensive care, aligning with the World Health Organization's definition of health as encompassing physical, mental, and social wellbeing. This holistic approach involves the following five key components:

	1. Routine psychological screening: conducting regular assessments for psychological distress and psychiatric comorbidities in vitiligo patients using tools like PHQ-9 and GAD-7.
	2. Multidisciplinary care teams: establishing integrated teams of dermatologists, mental health professionals, and social workers to address comprehensive patient needs.
	3. Expanded research focus: prioritizing research into treatments that address both skin repigmentation and psychosocial wellbeing.
	4. Enhanced healthcare provider education: training on the psychological impacts of vitiligo, supported by studies demonstrating the benefits of empathy-driven care.
	5. AI-driven tools integration: leveraging advanced AI tools for precise diagnostics and tailored treatment pathways. Developing AI algorithms based on the Monk rather than Fitzpatrick scale, which better accounts for diverse skin color and ethnic background.

This approach would offer more accurate, culturally sensitive diagnostics and treatment pathways, particularly benefiting populations with skin of color.



5 Discussion

Vitiligo is a multifaceted condition requiring a holistic approach that integrates physical, psychological, and systemic factors. Addressing gut health, psychiatric comorbidities, and societal stigma is vital for improving QoL. AI offers promise in enhancing care but must be implemented equitably, with attention to data inclusivity and regional representation, to avoid gaps in AI training datasets and algorithms.

This paradigm shift underscores the importance of patient-centered, multidisciplinary care in transforming vitiligo management and achieving meaningful improvements in QoL for affected individuals.
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Background: In this study, we aimed to investigate and analyze the clinical and sociodemographic features and possible correlation with factors associated with the development of vitiligo in a cohort of patients suffering from this disease in the central region of Romania.



Methods: Patients diagnosed with vitiligo from private outpatient clinics in the region and from the outpatient clinic of the Dermatology Clinic in Târgu Mureş participated in the study. The study period was between March 2021 and March 2022. Both sets of patients adhered to the same specified inclusion and exclusion criteria. Included just patients who received a complete dermatological clinical examination. They were asked by experienced physicians about epidemiological and clinical data of the disease, using the questions about vitiligo from the validated questionnaire edited by the Vitiligo Research Foundation from the United States of America. The patients who were given incomplete responses were excluded. This questionnaire contains 30 questions with multiple answers, about the patients with vitiligo, divided into seven subgroups as follows: group 1. Origins (demographic data), 2. History of vitiligo, 3. Vitiligo description, 4. Vitiligo treatments, 5. Skin condition, 6. Other conditions (comorbidities), 7. Impact (cost of treatments). Our study consisted of 114 patients, all of whom were Caucasians with Fitzpatrick skin types ranging from I–III.
Results: We have analyzed the found data and compared the result with the data found in the literature. Most of the clinical and epidemiological characteristics of vitiligo in our patients were similar to those in other studies. A few of the characteristics linked to the possible appearance of the disease were present in higher percentages like the presence of the disease in the family, lighter color of the eyes, gray colored hair, the presence of the halo naevus, the predisposition to sunburn, the skin trauma as starting cause and the presence of increased level of thyroid disease.
Conclusion: Based on our results, we can conclude a profile of a potential patient who can develop vitiligo. To our knowledge, this study is the first of its kind from our country, however, our inferences remain limited by the single center, a relatively small sample size, recall bias, and a self-decided classification of some clinical aspects, which are potential limitations of this study.
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1 Introduction

Vitiligo is a chronic autoimmune pigmentary skin disease. It is estimated to affect between 0.5 and 4% of the global population with a documented prevalence of approximately 1% of the world population (1, 2). It is an acquired noncontagious disease characterized by progressive patchy loss of pigmentation of the skin, overlying hair, and mucous membranes (3). The highest incidence has been reported in India, followed by Mexico and Japan (4, 5). The disease can start at any age; appearing rarely in childhood and the elderly, generally the highest incidence is among young adults. The physiopathology of the disease is complex and still unclear, but the basic mechanism is the progressive loss of functional melanocytes and/or their products due to different causes (6). Vitiligo results from many factors. Several hypotheses claim that factors such as stress, environmental compounds, skin trauma, autoimmunity, microorganisms, genetic predisposition, altered cellular environment, and affected melanocyte functions can contribute to the development of vitiligo (7–10). Others consider vitiligo a systemic disorder in which a spectrum of many disorders with different etiologies and pathogeneses, can cause the same issue, the loss of melanocytes (11). There are several clinical types of vitiligo with possible different complex mechanisms of appearance (12). In this study, we aimed to investigate and analyze the clinical and sociodemographic features and possible correlation with factors associated with the development of vitiligo in a cohort of patients suffering from this disease in the central region of Romania. To our knowledge, this is the first study about this issue in our country.



2 Materials and methods

Patients diagnosed with vitiligo from private outpatient offices in the region and the outpatient department of the Dermatology Clinic in Târgu Mureş participated in the study. The study period was between March 2021 and March 2022. All patients adhered to the same specified inclusion and exclusion criteria. Inclusion criteria encompassed patients over 18 years of age, diagnosed with vitiligo of any form, and who signed the informed consent before data collection. All the patients received a complete dermatological clinical examination performed by experienced dermatologists who were involved voluntarily. At the same time, the patients were asked about epidemiological and clinical data of the disease, using the questions about vitiligo from the questionnaire edited by the Vitiligo Research Foundation from the United States of America (13). This questionnaire contains 30 questions with multiple answers, about the patients with vitiligo, divided into seven subgroups as follows: group 1. Origins (demographic data) 3 questions, 2. History of vitiligo 6 questions, 3. Vitiligo description 3 questions, 4. Vitiligo treatments 7 questions, 5. Skin condition 4 questions, 6. Other conditions (comorbidities) 4 questions, 7. Impact (cost of treatments) 1 question. Patients’ data with incomplete responses were excluded. The enrolled participants have given informed consent, outlining the confidentiality of their data. The data collected from the clinical examination and the questionnaires were recorded in a database. The data has been encoded in compliance with the General Data Protection Regulation (GDPR).

The established minimal sample size after the exclusion criteria application and removing the inadequate data (like missing responses to important questions) was 100, which is usual in such studies considering also the fact that vitiligo is very rare.

The normality test was performed for the age of the patients. There were applied two numerical normality tests, namely Lilliefors, and Shapiro–Wilks. The actual sample size permitted the application of both tests. Must be noticed that the Shapiro–Wilks test works very well even for very low sample sizes (lower than 30), and has a better power compared to other tests like Kolmogorov Smirnov, Lilliefors, and Anderson Darling.



3 Results


3.1 Origins (demographic data)

After applying the exclusion criteria to the collected data by removing some patients’ data, for study remained 114 patients, all of whom were Caucasians with Fitzpatrick skin types ranging from I–III. Out of the total patients, 56 (49.12%, 95% CI 39.81–58.44%) patients were male and 58 (50.88%,95% CI 41.56–60.19%) patients were female. Statistical comparison of percentages shows no statistical difference (p = 0.7909). The average age was 49, with 95% CI [45.8, 52.3], a median age of 49, a range of 59, with a minimum of 19, and a maximum of 78 years (Table 1).


TABLE 1 Distribution of cases by age.

[image: Table showing descriptive statistics including mean of 49.05, standard error of 1.641, 95 percent confidence interval for mean as 45.8 to 52.3, median of 49, variance of 307, standard deviation 17.52, minimum 19, maximum 78, range 59, and interquartile range 34. Skewness is negative 0.01 with standard error 0.226, and kurtosis is negative 1.286 with standard error 0.449.]

The result presented in Table 2 shows that the age is not normally distributed. Figure 1 visually validates the failure to pass the normality assumption.


TABLE 2 Testing the age normality.

[image: Table comparing Lilliefors and Shapiro-Wilk tests of normality for age, showing Lilliefors statistic 0.096 and P value 0.011, Shapiro-Wilk statistic 0.944 and P value 0.]


[image: Normal Q-Q plot illustrating observed values on the horizontal axis and expected normal values on the vertical axis, with data points displayed as circles and a reference line indicating the normal distribution.]

FIGURE 1
Q-Q plot of age.


Considering the age of the studied vitiligo patients for appropriate analysis, consulting our epidemiologist coautors, as follows, resulting: 1. Age group 18–40 years: 40 patients, (35.1%), of which 22 (19.3%) were male and 18 (15.8%) were female. 2. Age group 41–60 years: 37 patients (32.5%), of which 18 (15.8%) were male and 19 (16.7%) were female. 3. Age group > 61 years: 37 patients (32.5%), of which 16 (14%) were male and 21 (18.4%) were female.

The results are shown in Figures 2, 3.


[image: Pie chart showing age group distribution: blue represents 18 to 40 years at 35.10 percent, orange represents 41 to 60 years at 32.50 percent, and gray represents over 60 years at 32.50 percent.]

FIGURE 2
Age groups.



[image: Pie chart showing age and gender distribution with six segments: male eighteen to forty, nineteen point three percent; male forty-one to sixty, fifteen point eight percent; male over sixty, fourteen percent; female eighteen to forty, fifteen point eight percent; female forty-one to sixty, sixteen point seven percent; female over sixty, eighteen point four percent.]

FIGURE 3
Age and gender distribution.


Of the patients, 76 (66.67%) of them reside in urban areas, while 38 (33.33%) are from rural areas.

The results regarding the residents of the patients by age group were as follows (Figure 4):


[image: Pie chart displays percentages of six population groups: urban ages eighteen to forty at twenty-five point four percent, urban forty-one to sixty at twenty-one point nine percent, urban over sixty at nineteen point three percent, rural eighteen to forty-one at nine point six percent, rural forty-one to sixty-one at ten point five percent, and rural over sixty-one at thirteen point two percent.]

FIGURE 4
Residents by age of the group.



1.Urban area: 76 patients of which in the 18–40 age group, there were 29 patients (25.4%), in the 40–60 age group there were 25 patients (21.9%), and in the age group > 60 years were 22 patients (19.3%).

2.Rural area: 38 patients, of which there were 11 patients (9.6%) in the 18–40 age group, 12 patients (10.5%) in the 40–60 age group, and age > 60 years were 15 patients (13.2%).



The results of these studies show that from the total number of patients, 5 have completed primary education, 73 secondary education, and 36 higher education. In terms of marital status, 77 (67.54%) were married and 37 (32.46%) patients were unmarried. The last question from this subgroup was about the color of the eyes. Looking at eye color, the results are mentioned in Figure 5. Of the patients studied, 70 (61.4%) have light-colored eyes.


[image: Pie chart depicting four categories: blue at 45.61 percent, dark brune at 38.60 percent, grey at 13.16 percent, and green at 2.63 percent. Color-coded legend included.]

FIGURE 5
Eye color distribution.




3.2 History of vitiligo

Regarding the question about the age of the first signs of vitiligo, for easier analysis, we decided to group the answers as follows: group 1. Less than five years, group 2. between 5 and 10 years and group 3 more than 10 years of appearance. In the first group, there were 27 (23.7%) patients, in group 24 (21.05%) patients, and in the group 3 (55.25%) patients.

About the first location of the disease, the results are mentioned in Figure 6.


[image: Pie chart showing distribution of affected body regions: head region 47.37 percent, hands and foot 28.07 percent, trunk 26.32 percent, genital area 9.65 percent, arms and legs 4.39 percent, mucosa 0 percent.]

FIGURE 6
Vitiligo first sign appeared on.


We note that in some people the first sign of the disease appeared in more than one place. We have chosen the larger surfaced lesion as the first clinical sign. As the condition evolved other locations appeared, which changed the allocation of the clinical form. The question regarding the possible causes of the appearance of the disease is summarized in Figure 7.


[image: Pie chart displaying factors leading to a condition: emotional stress at seventy-one point nine three percent, pregnancy and sun burn each at nine point six five percent, and trauma of the skin at eight point seven seven percent.]

FIGURE 7
Possible causes of the appearance of vitiligo.


Regarding the progression of vitiligo during the last three months, 82 (71.9%) of the patients answered that it was stable, and 32 (28.1%) answered that was active. Regarding the progress of the disease earlier 76 (66.66%) patients declared a slow progressive spreading over years and 38 (33.33%) patients presented quick, short bursts then limited spreading. Regarding the question about noticing redness or itch before the disease appears 82 (72%) answered yes and 32 (28%) answered no.



3.3 Vitiligo description

The answers to the question describing skin color were updated by us to the Fitzpatrick skin type scale. Results show that 12 (10.5%) patients were in type I, 82 (72%) in type II, and 20 (17.5%) were in type III according to the classification.

For the other two questions regarding the clinical form and affected area, we decided to group them according to localization on visible areas: facial, hands, and foot region, named Group = 0, containing 47 (41.2%) patients, and localization on invisible areas: trunk, mucosal, genital form, and other forms that appear especially on the body named Group = 1, containing 67(58.8%) patients. The affected surface is a criterion for the severity of the disease, which is why we grouped them as skin involvement below 10% of the skin, minor form: Group 1 = 54 (47.4%) patients, skin involvement between 10 and 25% of the skin, moderate form: Group 2 = 46 (40.4%) patients and skin involvement over 25% of the skin, severe form: Group 3 = including 14 (12.2%) patients.



3.4 Vitiligo treatments

Analyzing the seven questions about this topic we got the following results. The type of treatment patients used is shown in Figure 8.


[image: Pie chart showing treatment types for a condition: topical treatment is largest at sixty point five percent, followed by UV therapy at seventeen point six percent and other categories each under ten percent.]

FIGURE 8
Type of treatments used.


At the time of the latest treatment, the disease of the patients was active in 72 (63.2%) patients and was stable in 28 (36.8%) of the patients. As a result of the latest treatment the disease continued with new patches at 22 (19.3%) patients and stopped with remaining patches at 92 (80.7%) of the patients. The latest treatment duration of the patients had an average period of 2.5 months. About the follow of the last treatment 53 (46.5%) patients declared a rigorous treatment, 15 (13.1%) somewhat close and 46 (40.4%) patients loosely followed. All the patients declared that after the last treatment, the disease reappeared and spread again. They did not notice that medication taken for other health conditions affected vitiligo.



3.5 Skin condition

Regarding the presence of gray hair, 56 (49.2%) patients declared that they had, and 58 (50.8%) patients denied it. Regarding the family history of early hair graying 35 (30.7%) patients answered positively. To the question “Do you sunburn easily?” 69 (60.5%) of the patients answered yes, and 45 (39.5%) patients answered no. In response to the presence of a halo nevus (benign mole with depigmented ring or Sutton naevus) on the body frequently associated with vitiligo 33 (28.95%) patients answered yes, and 81 (71.05%) patients answered no.



3.6 Other conditions

Regarding the presence of a known allergy 10 (8.7%), patients declared that they had, from these 4 patients had a food allergy, 4 patients had a medication allergy, and 2 patients were allergic to insect stings. The presence of other autoimmune diseases associated with vitiligo is common. The following autoimmune diseases were detected in the studied group: 11 (9.7%) cases of psoriasis, 20 (17.5%) cases of diabetes, 30 (26.3%) cases of autoimmune thyroiditis, and 4 (3.5%) cases of rheumatoid arthritis. Regarding the presence of skin tumors in the studied group, only 3 (2.6%) patients declared the presence of non-melanoma skin cancer. The presence of the disease in the family is frequent. In the studied group, 34 (29.8%) of the patients were confirmed to have the disease in their first or second-degree relatives.



3.7 Impact

In examining the costs of the treatment, we have found no analyzable data.




4 Discussion

Demographic data: Vitiligo is the most commonly acquired disorder of pigmentation, with a prevalence between 0.5 and 2% of the world population on average. Some authors, like Bibeau et al. (14), report a prevalence of ≤ 0.6%. Prevalence rates vary geographically and are often higher in Africa and India. Vitiligo in dark-skinned populations and/or in regions, where social stigmas are important leads to a higher reported prevalence (15). Clinical studies have found the prevalence to be 0.91% in China (16), in India, the hospital-based point prevalence was 9.98% (17), compared to 0.38%, in Denmark (18). Gujarat in India is considered to have the highest prevalence in the world with 8.8% of the local people affected by vitiligo (19). Male and female are equally affected by vitiligo, most of the clinical studies confirm this data. Bibeau et al. (14) in a comprehensive study with 35,694 participants from three continents conclude an equal distribution of gender rate, with a higher presence of the disease in the younger group of ages and especially in females. The results are similar to our results regarding the gender rate and the presence of the disease in the younger group, but we had equal distribution between genders. The results of the studies conducted regarding the residence of the patients, and marital status have an important impact on psycho-social and health-related quality of life which is not the theme of this paper. The patients from the cohort were majority urban residents, with more than 95% of them with medium and high finished studies and 67.58% of them married. These factors can be important in accessing basic and specialized medical services. The last question from this subgroup was about the color of the eyes. The color of the eyes is linked to phenotype and genetics. People with phenotypes I to III, and especially Caucasians are predisposed to have light-colored eyes (20). Of the patients studied, 70 (61.4%) have light-colored eyes, like blue, gray, and green. The presence of light-colored eyes could be a predisposing factor in the appearance of vitiligo.

History of vitiligo: Regarding the age of the first signs of vitiligo, we can conclude that more than 55% of the patients belonged to group 3, with more than 10 years of appearance of the disease. About the first location of the disease, we note that in some people the first signs of the disease were distributed and appeared in more than one place. We have chosen the larger surfaced lesion as the first clinical sign. In more than 75.44% of the cases, the first clinical sign was on the visible area, head, hands, and foot region. As possible causes of the appearance of vitiligo, the patients declared in 71.93% of the cases that emotional stress could be a major factor. Silverberg and Silverberg (21) in a study found that 56.6% of participants had a stressful life event within the 2 years before vitiligo onset. Manolache et al. (22) in a case-controlled study found stressful events in 12 of 21 (57%) Romanian children with vitiligo, which was higher than controls. Pregnancy is a known trigger for vitiligo disease onset, but not all females with pre-existing disease experience exacerbation during pregnancy. In our cohort, 9,65% declared pregnancy as a causative factor. Regarding the influence of pregnancy on vitiligo, it was found that only 17.54% of the cases had worsening of the disease during pregnancy (23). Sunburn and trauma of the skin (Köbner phenomena) are well-known factors, that can start the illness. We found that in 18.42% of the cases, these two factors were present, being higher in comparison with database data (24). Redness or itch are clinical signs that can be present in vitiligo. Also, they can be present before the onset of the disease. Vachiramon et al. (25) in a study concluded that itch can be present in 20.2% of the cases. In our study regarding the question 82 (72%) patients answered yes and 32 (28%) answered no. We consider that the increased result may be a coincidence.

Vitiligo description: Skin type was determined by the skin photo-typing method proposed by Fitzpatrick. Our patients were all Caucasians belonging to photo type I–III, the majority (72%) of them were in phototype II. Vitiligo affects people of all races equally; the spots tend to be more noticeable in people with brown or Black skin (26). Ahn et al. (27) in a Korean population study found that skin type II was significantly less frequent and skin type V was quite common in the vitiligo group. These results suggest that people with dark skin have a higher probability of developing vitiligo than people with light skin (27). Regarding the clinical forms that we have grouped in visible and invisible areas containing 47 (41.2%) patients, respectively, 67 (58.8%) patients, we found similar results to Bibeau. The affected surface is a criterion for severity. Also we have found that most of the patients belonged to the minor and moderate form, like those patients in the study conducted by Bibeau. Vitiligo lesions in visible areas are associated with self-consciousness, and with a reduced quality of life (14).

Vitiligo treatments: Analyzing the results of the treatments used we conclude that more than 80% of the patients used treatments according to the protocols in force (28). More than 60 % used local treatment with potent steroids, calcipotriol, and their combination with, greater or lesser effectiveness. Also, about 20% of them had used phototherapy like PUVA, Narrow Band UVB, or excimer laser treatment. Other kinds of treatments like systemic, surgical, traditional, empiric, or complementary were also used in some cases. New treatment methods like CO2 laser, combined laser, low-dose cytokines-based, and topical or systemic anti-JAK drugs, are yet not available at the moment in our country (29–32). Regarding the evolution, the stability of the disease, and the follow-up of the treatment by the patients, the results are essentially similar to the data described in the literature by Marinho et al. (33), van Geel et al. (34), and de Barros et al. (35).

Skin condition: The appearance of gray hair is frequent in patients with vitiligo and their families (36). A large population-based study reported that 6–23% of people have 50% gray hair by 50 years of age (37). The presence of gray hair in patients with vitiligo probably is linked to common causes of developing the disease like stress, oxidative stress, autoimmunity, and low B vitamin levels (38, 39). This hypothesis is confirmed by the marked percentage of gray hair in our studied cohort and their families. Regarding the question Do you sunburn easily? patients answering with yes in 60.5% of the cases is probably due to the lighter phenotype of the cohort, these patients being predisposed to that. The presence of halo nevus (benign mole with a depigmented ring or Sutton naevus) on the body is frequently associated with vitiligo as mentioned in many studies as being a risk factor for developing the disease or a marker for evolution (40). Patrizi et al. (41) in a study mention that in patients with multiple halo naevus, the risk of vitiligo and other autoimmune diseases seems to be higher than in patients with single halo naevus. Zhou et al. (42) in a study of a total of 212 patients with halo naevus, from which 101 patients had also vitiligo suggests that earlier onset age of halo naevus might be associated with a higher risk of developing vitiligo. van Geel et al. (43) analyzing 291 patients with halo naevi divided into three groups as follow: patients with only halo naevi (group 1; n = 40), patients with generalized vitiligo without halo naevi (group 2; n = 173) and patients with generalized vitiligo with halo naevi (group 3; n = 78), concluded the hypothesis that halo naevi can represent a distinct condition, and may be an initiating factor in the pathogenesis of vitiligo. The high presence of 28.95% of the patients with the presence of halo naevus in our cohort, seems to support these hypotheses.

Other conditions: The presence of self-reported different types of allergies has a range between 9 and 35% of the population worldwide. Our results are much lower than we have found in the literature (44, 45). The presence of other autoimmune and systemic diseases associated with vitiligo is frequent. Oguz Topal et al. (46) in a study found that 45% of the patients had an associated systemic disease. Autoimmune thyroid disease, essential hypertension, and alopecia areata, which were observed in 28, 8, and 5% of patients, respectively, were the most common associated diseases. Sheth et al. (47) mentioned that 23% of the 3,280 studied patients had one of the following comorbidities: 287 thyroid-related, 186 psoriasis, 72 rheumatoid arthritis, 59 alopecia areata, 55 inflammatory bowel disease, 53 systemic lupus and 20 type I diabetes mellitus. The most frequent autoimmune disease found as a comorbidity in vitiligo was autoimmune thyroiditis. Gill et al. (48) on 1,098 patients with vitiligo, concluded that nearly 20% had at least 1 co-morbid autoimmune disease. Compared the results with the general US population, they found a higher prevalence of thyroid disease (48). Another researcher, Gey et al. (49) found, that of 626 patients studied with vitiligo, 131 suffered from thyroid disease and recommended monitoring them for thyroid function. Dahir and Thomsen (50) found similar results in their study. Our results confirm the high presence of thyroid disease among other autoimmune diseases in vitiligo. Regarding the presence of skin tumors in the studied group, only 3 (2.6%) patients declared the presence of non-melanoma skin cancer whose incidence is much lower than in the general population in our country (51). The appearance of vitiligo in the first or second-degree relatives is frequent. The majority of vitiligo cases are sporadic, but the familial presence is not uncommon, and generally, up to 20% of patients report the presence of the disease in the family. The frequency of vitiligo among first-degree relatives in Caucasians, Indo-Pakistani, and Hispanic populations is 7.1, 6.1, and 4.8%, respectively, compared to an estimated worldwide frequency of 0.14 to 2% (52). Phiske (53), in a study, presents that up to 12 to 35% of pediatric vitiligo patients have family members with the disease. Wang et al. (24) in a questionnaire-based study on 17,345 patients found a prevalence of vitiligo of 0.56%, with a positive family history of 9.8% of them. In our studied group, 34 (29.8%) of the patients were confirmed to have the disease in the family, which is higher than the results from other studies.



5 Conclusion

In our study, we found that most of the clinical and epidemiological characteristics of vitiligo in our patients were similar to those in other studies. Some of the characteristics linked to the possible appearance of the disease were present in higher percentages like the presence of the disease in the family, lighter color of the eyes, gray colored hair, the presence of the halo naevus, the predisposition to sunburn, the skin trauma as the starting cause and the presence of increased level of thyroid disease. Based on our results, we can conclude a profile of a potential patient who can develop vitiligo and who would present the following characteristics: male or female with phenotype I–III, with light-colored eyes, showing halo naevus, having a personal history of multiple traumas of the skin, presenting gray hair itself or also in the family, who often burns in the sun, has the disease in the family and suffers from thyroid damage or other autoimmune diseases. To our knowledge, this study is the first of its kind from our country, however, our inferences remain limited by the single center, a relatively small sample size, recall bias, and a self-decided classification of some clinical aspects, which are potential limitations of this study.
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1 Introduction

This paper builds on earlier research on the Vitiligo Patient Journey by providing a profile of a typical individual navigating the care landscape—from awareness to diagnosis, treatment, or coping (1). Vitiligo affects roughly 1% of the US population (2), yet the complexities of this journey remain overlooked by medical professionals and the general public.

We have a fairly good understanding of the workload for a dermatologist since the 1970s, with the prognosis of increased workload due to an aging population (3). The average dermatologist in the U.S. functions almost exclusively as a specialist and cares for approximately 120 patients over a 45-h week, depending on the practice setting and location (4).

However, we have just started to understand the experience and quality of life of millions of people suffering from vitiligo, a lifelong, typically progressive condition with periods of disease erratic activity and remission. This paper aimed to offer insights into the life of a typical vitiligo patient for dermatology professionals, policymakers, and the general public.



2 A “typical” vitiligo patient


2.1 Individual profile

Meet “Emily,” a representative example of a Caucasian female in her late 20s in the U.S., named after the most popular girl's name the year she was born. At the age of 26, Emily has battled non-segmental vitiligo for several years, resulting in seven patches covering nearly 15% of her body, most visibly located on her face and neck (5).

The etiology of Emily's vitiligo, a chronic autoimmune condition that causes random white patches on the skin, remains elusive. It is influenced by genetic and environmental factors, emotional distress, and possibly mild skin trauma that may have triggered the Koebner phenomenon. Emily's general health is a testament to her strong spirit, with a touch of anxiety. Despite a known family history of thyroiditis, Emily is not aware of any vitiligo cases in her immediate family, and she suffers only from minor health complications such as sleep disturbance and dry eyes (6).



2.2 Phenotypic variations and cultural factors

The experience of vitiligo varies significantly by ethnicity, disease severity, and lesion location (7). While Emily's U.S. context provides some legal protection in the workplace, in other cultures, vitiligo is often regarded as a barrier to forming interpersonal relationships, including marriage and employment, compounding the psychological burden (8).

Patients in Africa, Asia, and the Middle East frequently face additional challenges shaped by societal and religious beliefs (9). For instance, in sub-Saharan Africa, vitiligo is sometimes confused with leprosy, resulting in severe social stigmatization. In India, vitiligo can significantly impact marriage prospects, especially for women. In Iran, some women with vitiligo reported that their condition was viewed as “punishment by God for sins or spiritual impurity.”



2.3 Diagnosis and treatment journey

In her teens, Emily endured a 3-month delay before consulting a physician, who informed her that her condition was “nothing to worry about,” leaving her in limbo for years. On average, vitiligo patients obtain a formal diagnosis after a mean (SD) of 2.4 (4.1) years, which reflects the U.S.'s 37% misdiagnosis rate, which is lower than Europe's 45% and Africa's 56% (10).

Initially turning to online resources for information, Emily experimented with five self-prescribed treatments, experiencing minor, transient successes accompanied by occasional adverse effects. Frustrated with the daily 40-min makeup regimen to hide her lesions, she finally sought professional help. After consulting three doctors over 18 months, Emily found a dermatologist whose empathy matched their expertise—a significant breakthrough in a realm where 46% of American doctors, and even higher percentages in Europe and Africa (65%), consider vitiligo untreatable.



2.4 Quality of life

Emily's vitiligo significantly affects her quality of life across emotional, sexual, social, and professional domains. The visible patches on her face and neck have reduced her confidence and heightened self-consciousness, according to the findings of the VALIANT study, where 49% of patients reported similar feelings (11).

In relationships, vitiligo can strain marriages, particularly in cultures with stigmas around the condition. Married women, like Emily, often face more appearance-related concerns than unmarried ones, potentially affecting intimacy. Despite these challenges, many find supportive partners, and the risk of passing vitiligo to children remains generally low unless both parents have the condition (12). Regular skin checkups and screenings for thyroiditis and vitamin D deficiency would become routine for her family.

Vitiligo may also impact her career prospects. While some individuals with vitiligo thrive professionally, many more encounter daily discrimination and challenges, particularly in appearance-sensitive roles. Psychological distress can hinder work performance, but legal protections may apply, as vitiligo might qualify as a disability under employment law.



2.5 Treatment and outlook

Currently, Emily is following a treatment plan that includes UV phototherapy, topical medications, and occasional supplements. She is optimistic that her regimen will restore her skin color within a year (13). Even after successful treatment, she may enjoy a remission period for 4 years, a duration that can potentially double with diligent follow-up care. Cognitive behavioral therapy could bolster her ability to cope, given her tendency toward clinical depression.



2.6 Financial and social aspects

The financial and social burden of vitiligo treatment can be significant (14). Research indicates that patients might spend up to 5,000 euros for lesion-free skin (in 2009 prices) (15); however, Emily has incurred vitiligo-related expenses of just under $3,500 so far—modest compared to newer drugs costing upward of $20,000 (16). Medicare offers some relief, but private insurers often favor less costly treatments such as corticosteroids before offering financial support.

For Emily, vitiligo is more than a mere skin condition; it is an integral part of her life, influencing her personal and social interactions without defining her. Although it complicates her life and finances and could affect her career, she perceives it more as a social challenge than a disability. In contrast, individuals with darker skin tones often view vitiligo as a significant hurdle, e.g., with Emily's counterparts in Brazil facing severe discriminatory employment practices at the governmental level (17).




3 Discussion

Emily's journey offers a glimpse into the broader challenges faced by vitiligo patients. Her experience of delayed diagnosis, inadequate initial care, and the ongoing search for effective treatment reflects the need for a more holistic approach—one that includes both medical treatment and psychological support. While each patient journey is unique, Emily's story highlights the complexities of living with vitiligo and underscores the importance of improving care pathways for those affected.

Exercises such as the previous Vitiligo Patient Journey Map and this current expansion of the topic serve a crucial purpose in educating healthcare professionals and the general public about a disease that affects over two million people in the U.S. alone and close to 100 million worldwide. By providing a detailed, personalized account of a typical patient's experience, we aim to bridge the gap between clinical understanding and the lived reality of vitiligo patients.

In conclusion, while Emily's story provides valuable insights, it represents just one facet of the vitiligo experience. By building upon this work and continuing to map the patient journey, we can contribute to a more inclusive, effective, and compassionate approach to vitiligo care and management worldwide.
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1 Introduction

World Vitiligo Day (WVD) is a transformative model of medical advocacy, demonstrating how patient-led initiatives can shift public perception, empower patients, influence legal frameworks, and attract pharmaceutical investment.

The WVD Presidential Committee, comprising this paper's co-authors, asserts that WVD has evolved from a grassroots movement into a global force, reshaping public discourse on vitiligo and driving unprecedented pharmaceutical interest. By analyzing WVD's structure, international reach, and broader impact, we propose it as a replicable framework for future medical advocacy. This model can be adapted for other neglected diseases, ensuring greater visibility, research funding, and policy engagement.



2 Discussion


2.1 Origins and global expansion of WVD

WVD emerged from independent advocacy initiatives spanning multiple regions (1). In India, Dr. Savita Malhotra established National Vitiligo Day on May 19, observed from 2009 to 2015, until Prof. Davinder Parsad successfully unified three national dermatological societies to endorse WVD. Independently, in the United States, Valarie Molyneaux of VITFriends and other patient advocates promoted a national vitiligo awareness day without specifying a particular date.

A major precursor to WVD took place on June 25, 2011, when Ogo Maduewesi of VITSAF organized the “Purple Fun Day” event in Nigeria. Held on the anniversary of Michael Jackson's passing—recognizing his lifelong struggle with vitiligo (2)—the event sought to raise awareness and combat the stigma surrounding the condition in Africa.

Recognizing the opportunity for global coordination, the U.S.-based non-profit Vitiligo Research Foundation (VRF) formally established June 25 as World Vitiligo Day. The first internationally coordinated WVD was convened in 2012 during the press conference at the University of Guglielmo Marconi in Rome, under the leadership of Prof. Torello Lotti and Yan Valle.

A defining feature of WVD's success is its rolling headquarters model, in which the host country rotates annually to maximize global engagement. Host nations between 2012 and 2025 include: Italy, India, China, Czech Republic, Brazil, USA, Vietnam, Serbia, Indonesia, Mexico, Kazakhstan, Colombia, and Canada.

At the national level, WVD adapts to regional customs: for example, in the USA and European Union (EU), events rotate among different states or cities annually, while in China and India, activities are consistently held in familiar locations. This adaptive framework has sustained global growth while reinforcing regional advocacy initiatives.



2.2 Milestones, policy influence, and global impact

Initially, the WVD Committee aimed to collect 500,000 petition signatures to secure UN recognition. This effort was not merely about numbers; it was a strategic initiative designed to encourage governments to leverage UN and WHO resources to boost research efforts. The WVD campaign drew inspiration from World Psoriasis Day, which later successfully attained WHO recognition in 2014 after a decade of sustained advocacy (3).

These efforts yielded results when WVD reached the target and received a formal nod from the United Nations' Economic and Social Council (UN ECOSOC) committee in mid-2016, being marked on the UN Calendar of Disability Events—signaling an opportunity for future discussions on official recognition (4). However, in 2019, a revision of the calendar to feature only “Major Events” led to a change in WVD's status. Efforts to reinstate WVD on the UN calendar were hindered by the COVID-19 pandemic and its widespread disruptions.

Recent findings indicate that specific “health days” can provide greater impact than “health months.” A study on awareness campaigns showed that World Psoriasis Day (October 29) garnered higher public engagement than Psoriasis Action Month (August) (5). The same thesis has been independently confirmed by analysis of PCOS (polycystic ovary syndrome) awareness campaign outcomes (6). These findings reinforce that WVD's single-day approach may be particularly effective in achieving campaign objectives. Notably, WVD-2022 events in Mexico demonstrated a digital reach exceeding that of comparable dermatological initiatives (7).



2.3 A decentralized and networked model of WVD

Unlike traditionally hierarchical disease awareness campaigns led by major health organizations, WVD follows a networked, decentralized structure. At the core, the WVD Presidential Committee provides strategic direction while nurturing an agile and engaged network of activists. It also oversees the annual WVD conference, which brings together up to 300 healthcare professionals for an intensive one- to three-day event in the host country.

Local groups maintain autonomy, allowing them to tailor campaigns to regional cultural contexts while benefiting from global coordination. By leveraging mass media, social media, grassroots advocacy networks, and dermatology societies, WVD has mobilized millions—without reliance on a centralized governing entity.

This bottom-up model diverges from conventional health awareness campaigns, which are often characterized by top-down governance and institutional sponsorship from major non-profits or dermatology associations. While organizations such as the World Health Organization (WHO) and the Health Campaign Effectiveness Coalition advocate for centralized coordination (8), WVD's decentralized model has demonstrated its ultimate cost-effectiveness in fostering culturally sensitive outreach across diverse communities.

WVD events range from medical conferences to community support groups and artistic exhibitions, adapting to local needs and resources. This flexibility has enhanced WVD's ability to drive systemic change—leading to official recognition by numerous U.S. city mayors and state governors, as well as influencing major insurance companies' coverage policies (9, 10).



2.4 Pharmaceutical engagement and market expansion

One of WVD's most significant achievements has been its role in catalyzing pharmaceutical investment in vitiligo. When WVD was initiated in 2012, vitiligo remained largely overlooked by the pharmaceutical industry, with the market size for vitiligo therapeutics being negligible. Recognizing this gap, an implicit objective of the campaign was to establish vitiligo as a viable focus for pharmaceutical investment. This involved actively engaging industry representatives at every WVD meeting and ensuring the FDA gained a comprehensive understanding of the vitiligo patient experience—an effort that has demonstrated its efficacy.

The impact of WVD was exemplified in early 2021 when the FDA convened its inaugural Patient-Focused Drug Development Meeting on vitiligo (11). By then, more than forty pharmaceutical and biotechnology companies had entered the field, with one drug approved by both the FDA and EMA (European Medicines Agency) in 2022–2023. Currently, multiple others are progressing through clinical trials (12), driving estimates of the global vitiligo treatment market to $2.76 billion by 2032 (13).

This surge in industry attention and market growth can, at least in part, be attributed to WVD's ability to spotlight vitiligo's psychosocial and economic impact. Through themed events, mass-media publications, and strategic advocacy, WVD has made vitiligo a compelling area for research and investment. WVD illustrates the capacity of patient-driven movements to influence research priorities, regulatory frameworks, and pharmaceutical innovation—transforming vitiligo from a neglected condition into a rapidly expanding treatment market.



2.5 Future directions and challenges

Looking ahead, WVD faces both opportunities and challenges. The increasing recognition of vitiligo as a serious medical condition presents concrete opportunities, such as influencing healthcare policies and securing dedicated research funding. However, maintaining the campaign's grassroots ethos amid rapid global growth presents challenges, particularly managing local autonomy vs. global consistency (13).

A standardized yet adaptable framework is being developed for the WVD-2025 campaign, with headquarters set in Toronto, Canada, combining global strategic oversight with sensitivity to local cultural contexts and legislative frameworks. This framework includes clearly outlined “WVD Event Terms and Conditions” and a comprehensive “WVD Events Code of Conduct”.

Historically, each WVD headquarters created its own local website while the WVD committee maintained the main website at 25June.org. This allowed local talent to significantly contribute to campaign's website and content development, respecting vastly diverse cultural contexts across past events held in the Americas, Africa, Asia, and Europe—but also introduced inconsistencies in user experiences and technical compatibility issues. For WVD-2025, a standardized yet customizable website template has been developed to ensure consistency across campaigns, while allowing flexibility for annual themes and unique design elements in the future.

The 2025 theme, “Innovation for Every Skin, Powered by AI,” emphasizes harnessing AI to democratize access to accurate and supportive vitiligo information. Overall, the 2025 campaign efforts focus on:

	1. Expanding media outreach into underserved provinces and regions, especially considering Canada's lengthy average wait time (exceeding 8 months) to see a dermatologist.
	2. Incorporating an existing AI-powered digital assistant (vitiligo.ai) offering multilingual support, educational resources, and personalized engagement tools, thus strengthening connections within the vitiligo community while preserving personal autonomy.
	3. Strengthening collaborations between national patient support group, individual advocates and researchers to align research priorities more closely with patient needs.

Successfully addressing these challenges will enable WVD to further refine its advocacy model, ensuring broader global recognition and sustained impact in the evolving landscape of health awareness.

Patient voices and associated privacy concerns remain paramount, especially as storytelling and social media outreach grow. Each global WVD event aims to establish or strengthen national support groups, and WVD-2025 is no exception, with Vitiligo Voices Canada having representation on the organizational committee and a dedicated session within the main conference.



2.6 Pediatric and young adult focus

Growing evidence highlights substantial psychosocial impacts of vitiligo on children and adolescents, including increased vulnerability to bullying, anxiety, and depression. WVD is committed to addressing these issues through targeted educational initiatives in preschools and schools, including interactive workshops and awareness sessions designed to promote understanding and inclusion. Additionally, the WVD organizing committee will distribute age-appropriate books about vitiligo, in both physical and electronic formats, to up to 50 libraries across Canada, aiming to boost awareness, improve children's self-esteem, and reduce stigma around the condition.




3 Conclusions

World Vitiligo Day (WVD) redefines traditional health advocacy through its hybrid model of grassroots mobilization and decentralized governance. By empowering independent teams within a unified strategic framework, WVD has achieved transformative outcomes:

	1. Shifted global discourse on vitiligo from stigma to medical urgency.
	2. Elevated patient needs and disease prioritization in global health agendas.
	3. Catalyzed pharmaceutical innovation through targeted industry engagement.
	4. Reshaped international legislative and insurance landscapes.

The campaign's success dismantles the perception of awareness days as performative gestures, demonstrating their capacity to drive systemic change. As WVD prepares for its 14th annual observance in 2025, its model provides a replicable blueprint for addressing underrepresented medical conditions. This framework bridges advocacy efforts with clinical research priorities, creating actionable pathways for democratizing medical progress through participatory action.
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Injectable crosslinked HA hydrogel: a promising carrier for cell transplantation to treat stable vitiligo
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Stable vitiligo significantly impacts patients’ quality of life and presents a considerable challenge to healthcare providers. In recent years, cell therapy has emerged as a promising treatment for stable vitiligo, which is demonstrated encouraging results. Among current cell-based therapies, autologous epidermal cell transplantation is regarded as a safe and cost-effective strategy. However, the therapeutic outcome critically depends on the retention and viability of the transplanted cells at the target site. Therefore, there is an urgent need to develop novel strategies to improve cell retention and maintain cell viability for improving therapeutic efficacy. In this work, a novel cell extraction method was first developed with deal with 2 h at 37°C to obtain epidermal cells while maintaining high cell viability. Subsequently, the crosslinked hyaluronic acid (HA) by BDDE was utilized as 3D scaffold for cell delivery to treat stable vitiligo. By combining the new extraction method with the HA-based hydrogel scaffold, we achieved prolonged cell retention without compromising cell viability. This approach provides a promising, time-saving strategy for treating stable vitiligo using autologous epidermal cells.
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1 Introduction

Vitiligo is a common clinical skin disease, clinically characterized by the loss and absence of melanocytes, and then forming the white spots on the skin (1). The destroy mechanisms of the melanocytes was study in vitiligo disease, and these involve the genetic, oxidative stress, autoimmune, hurt, even the environmental effects (2). Thus, vitiligo treatment strategies often include repair, replenishment, and regeneration of melanocytes (3, 4). The global prevalence of the disease ranges from 0.5 to 2.0% and is increasing annually (5). Thus, there is an excruciating demand for effective, appropriate and safe strategy to treat vitiligo.

Up to now, clinically treatments of vitiligo is including drug therapy (e.g., Janus Kinase Inhibitors), narrow-band phototherapy, epidermal transplantation and cell transplantation, typically (6). However, the treatment effect of drug and narrow-band phototherapy therapy is not significant, and the treatment cycle is longer (7, 8). The epidermal transplantation for vitiligo will cause a large area of skin damage and more scars, which is not suitable for scar constitution (9, 10). The cell transplantation has been catching the attention of physicians and scientists, due to its promising efficacy in treating stable vitiligo (11). For cell suspension injection, the healing outcome was greatly affected and reduced, because of the loss of the implanted cells (11, 12). Thus, the retention and viability of the transplanted cells at the vitiligo sites determine the healing outcome (13). To solve the above problems, biomaterial-based cell delivery systems have been introduced in cell transplantation therapy techniques.

Recently, various of biomaterials were applied to cell transplantation therapy, due to the good biocompatibility and degradability of biomaterials, maintain cell morphology and promote cell migration in a certain extent, such as collagen, chitosan, and hyaluronic acid hydrogel (14–16). Collagen is mostly used in patch form as a carrier for epidermal cell suspensions (17, 18). It usually involves applying the cell suspension to the post-dermabrasion lesion area and then covering it with a collagen patch to prevent the loss of epidermal cells (19). Similarly, Fan et al. preparate a chitosan membrane with melanocytes multicellular spheroids to transplant cells on the skin. The results indicated that the combination of chitosan-based melanocyte spheroid patch can facilitate melanocyte transplantation in the epidermal ablation model by PUVA-induced sunburn reaction (20). Ghorbani et al. used the autologous non-cultured and trypsinised melanocyte suspension mixed with hyaluronic acid gel to spread over the vitiligo area. The results showed that this is a safe with satisfactory strategy in recalcitrant vitiligo by the autologous non-cultured and trypsinized melanocyte grafting (21). In fact, most of the research on the combination of biomaterials and melanocytes in the vitiligo treatment is applying, covering paste, or applying with cell infiltration. However, there are some drawbacks, such as low cell survival due to lack of oxygen and nutrients. It is necessary to change the covering frequently, etc. Thus, a novel strategy to treat vitiligo is urgently developed.

Hyaluronic acid is one of the main components in the skin extracellular matrix (ECM) (22). Hyaluronic acid produced by micro-organisms fermentation, is superior in bio-safety compared with animal tissue-derived biomaterials (23, 24). Currently, Hyaluronic acid-based biomaterials had been widely used for treating skin diseases (25). For example, Wang et al. developed a novel hydrogel system incorporating olive leaf-derived exosome-like nanovesicles loaded with hyaluronic acid and tannic acid. The results demonstrated that this composite hydrogel effectively mitigated UV-induced skin damage while promoting cutaneous repair and regeneration. Furthermore, RNA sequencing and cluster analysis of predicted miR-168a-5p targets revealed significant downregulation of the NF-κB signaling pathway, which mediates inflammaging responses (26). However, the hyaluronic acid solution could not provide enough support for long-term cell retention due to its fragmented molecular chain and fast biodegradation. Fortunately, cross-linked HA can be used to solve these difficulties. Usually, the BDDE (butylene glycol glycidyl ether), DVS (divinylsulfone), ADH (diacetyl hydrazide), EDC (carbodiimide), GMA (glycidyl methacrylate) and PEG were used to crosslink HA to form stable 3D structure (27–31). But the most important processes are the most mature are BDDE and DVS (32). However, the most important process, the most mature and the most widely commercialized is BDDE (33). Its crosslinking ability is attributed to the reactivity of the epoxy groups at both ends of the molecule. Under alkaline conditions, these epoxy groups preferently react with the most accessible primary alcohols in the hyaluronic acid skeleton to form ether bond connections (34).

Therefore, in this work, crosslinked hyaluronic acid (HA) by BDDE was utilized for cell delivery. Crosslinked HA possesses a three-dimensional structure, which may contribute to slower biodegradation and prolonged retention of transplanted cells. In situ injection therapy, the body can provide nutrients and provide a 3D microenvironment for survival, ensuring efficient cell survival. In addition, the introduction of biomaterials can improve cell retention and reduce cell loss. Based on this rationale, an HA-based cell delivery system was developed for the treatment of stable vitiligo (Scheme 1). The first step involved optimizing the extraction method for epidermal cells to ensure a sufficient yield of highly viable cells (~85% viability) within a significantly reduced processing time. Subsequently, an HA-epidermal cell suspension was prepared for in vivo cell delivery. The results from animal experiments demonstrated enhanced cell retention without compromising cell viability. Finally, given that HA is derived from a registered medical device, this approach represents a highly efficient and promising method for the clinical treatment of stable vitiligo.

[image: Diagram illustrating the process of cell transplantation to treat stable vitiligo, showing epidermal cell extraction from normal skin, cell proliferation, mixing with a homogenized solution of HA and BDDE, and injection into vitiligo-affected skin.]

SCHEME 1
 The process of the injectable crosslinked HA hydrogel for cell transplantation to treat stable vitiligo.




2 Materials and methods


2.1 Materials

Hyaluronic acid was obtained from A.V.T. The HA molecular mass is 2.5 million. The BDDE was purchased by Sigma. The trypsin–EDTA, alcohol, MTT were buy from Shanghai Beyotime Biotechnology Co. The mouse IgG-PE isotype antibody, rabbit IgG-PE isotype antibody, anti-cytokeratin 14-PE, anti-Pan-cytokeratin-PE, and a-MelanA-PE antibodies were purchased from Abcam.



2.2 Crosslinked HA preparation

The 10 g HA powder was dissolved in 100 mL 1% NaOH at room temperature. Then, the BDDE was dropped into the HA solution and mixed for 15 min. After that, the mix solution was bathed at 50°C water for 1 h. After that, the mixture was placed over night at 4°C. Then, the crosslinked HA was dialysis in PBS for 4 days (8,000 DW, change the dialysate twice a day) at room temperature. The crosslinked HA was qualitied to 20 mg/mL PBS smashed by homogenizer with 4,000 rpm. Lastly, after filling, the cross-linked HA gels were sterilized at 121°C for 15 min.



2.3 Rheological behavior

To study the rheological behavior of the crosslinked HA hydrogels. The rheological behavior of the crosslinked HA hydrogels was tested by the Austrian Anton Paar Advanced Rotational Rheometer (Physica MCR301, MCR50). The adjustment frequency is constant to 10 Hz, the amplitude range is 0.01%–100%, and the normal force is 5 N.



2.4 SEM characterization

First, the crosslinked HA hydrogels were lyophilized by freeze dryer. Then, the conductive Au coating was prepared on the surface. The surface morphologies of the crosslinked HA hydrogels were observed by the scanning electron microscope (SEM, HITACHI, Japan).



2.5 Swelling and degradation behavior

The swelling and degradation ratio of the crosslinked HA hydrogel was measured by gravimetric method (35). Al the dry samples (W0) were infiltrated into the 10 mL of PBS and shaken (120 rpm, 37°C). Then, the samples were weighed (Ws) after removing surface moisture at 1, 2, 4, 8, 24, and 48 h.

The measure equation of the swelling ratio (Es) as follow:

[image: Mathematical equation for Es equals open bracket W sub s minus W sub 0 close bracket divided by W sub 0, multiplied by one hundred percent, with sample size n equals five.]

The dry weight (Wt) of freeze-dried samples was measured at 1, 3, 5, 7, 14, and 28 days to evaluate the degradation ratio (D).

The measure equation of the degradation ratio (D) as follow:

[image: Mathematical formula showing D equals the difference between W sub zero and W sub t, divided by W sub zero, multiplied by one hundred percent, with n equals five in parentheses.]



2.6 DLS method measurement settings

1 g crosslinked HA hydrogel in 20 mL ultrapure water was stirred for 15 min. Take an appropriate amount of gel, slowly add it to the detection tank, and DLS measures the particle size.



2.7 Extraction of epidermal cells and preparation of suspensions

The human skin sample (biopsy) was washed 2–3 times with saline to remove blood and other contaminants at room temperature. Then, the sample was immersed in 75% ethanol for 1 min. The residual ethanol was removed by saline. The sample (biopsy) was carefully excised subcutaneous tissue. The remaining tissue was cut into small pieces for further processing. All skin samples were by the Second Affiliated Hospital of Zhejiang University and approved by the hospital committee. Skin samples only for scientific researching have been informed to donors and consent obtained.

Following enzymatic treatment, the epidermal tissues were rinsed with saline to remove residual agents. The dermis was mechanically separated from the epidermis by forceps. The epidermis was transferred to a 15 mL centrifuge tube containing an appropriate volume of saline. The epidermis tissue was gently dissociated by pipetting approximately 30 times and then filtered through a 40 μm cell strainer. The filtrate was centrifuged at 300 × g for 5 min at room temperature, and the supernatant was discarded. The cell pellet was resuspended in an appropriate volume of saline for further use.

For the new extraction method (NEM), skin tissues were treated with 0.5% trypsin–EDTA solution and incubated at 37°C for 2 h. For comparison, the traditional extraction method (TEM) was employed, in which skin tissues were treated with 0.25% trypsin–EDTA solution and incubated at 4°C for 16 ± 1 h.



2.8 Cell activity assay

Epidermal cells, extracted by both TEM and NEM, were stored at 4°C for varying time intervals. Cell viability was evaluated at 1, 2, and 3 h via the MTT assay (Shanghai Beyotime Biotechnology Co.). Moreover, both TEM and NEM group were co-incubated with cross-linked HA extract (37°C, 3 day) for 24 h.



2.9 Cell surface marker assay

Cell samples (1 × 106 cells per sample) from each group were centrifuged at 40 × g for 5 min. The cells were resuspended in 0.2% Triton X-100 solution, lysed for 15 min at room temperature (RT), and centrifuged again at 40 × g for 5 min. The supernatant was discarded, and the cell pellets were washed with PBS. Blocking was performed by serum for 1 h at RT, followed by another centrifugation step at 40 × g for 5 min. The supernatant was removed, and the cell pellets were washed with PBS. Each sample was then resuspended in 100 μL of staining buffer.

For the blank control group, no antibody was added (negative control group). The cytokeratin 14 and Pan-cytokeratin were used to detect the presence of keratinocytes. The a-MelanA was used to detect the presence of melanocytes and outline their distribution. For the isotype control group, mouse IgG-PE isotype antibody (Abcam, ab91357, 20 μL/106 cells) and rabbit IgG-PE isotype antibody (Abcam, ab209478, 0.1 μg/mL and 0.5 μg/mL) were added as single stains. For the experimental groups, the following antibodies were added: anti-cytokeratin 14-PE (Abcam, ab211997, 0.1 μg/mL), anti-Pan-cytokeratin-PE (Abcam, ab52460, 1 μg/mL), and α-MelanA-PE (Abcam, ab225499, 0.5 μg/mL). All samples were incubated for 30 min at 4°C in the dark. After incubation, the samples were centrifuged at 40 × g for 5 min. All the cell pellets were washed with PBS. Finally, the cell pellets were resuspended in 500 μL of staining buffer and subjected to flow cytometry for analysis. Gating strategy: (1) FSC-A/SSC-A gate main cell population; (2) Count/PE-A gate PE positive and PE negative groups. According to the above gating strategy, the negative expression regions were determined by Blank and Isotype, and the positive expressions of cytokeratin 14, Pan-cytokeratin and a-MelanA in each sample were analyzed.



2.10 Animal experiments

Forty-eight nude mice were randomly divided into four groups, with an equal distribution of males and females: (1) the new technology HA cell suspension group (NEM + HA), (2) the traditional technology HA cell suspension group (TEM + HA), (3) the new technology cell suspension group (NEM), and (4) the traditional technology cell suspension group (TEM). Each group received a subcutaneous injection of 100 μL of cell suspension (3 × 107 cells/mL) into the dorsal region, with the injection site clearly labeled. All animal experiments are carried out by third-party animal testing companies. All animal experimental procedures are approved by the Ethics Committee of Hangzhou Hebei Technology Co., LTD (ethical approval number: HBQR4.05-04).

The inoculation sites were photographed and evaluated for skin discoloration on day 7 post-inoculation. At the endpoint of observation (day 7), animals in each group were euthanized. The skin at the inoculation site was carefully excised using ophthalmic scissors, and the biopsies were fixed and embedded in wax for further analysis.



2.11 Masson-Fontana staining

Dewaxing was performed by xylene solution twice (15 min each time). Then, the samples were immersed in Fontana ammonia-silver solution at 56°C for 40 min, followed by six rounds of washing with water (2 min each). Next, the samples were treated with hypo solution for 5 min and rinsed with water for 5 min. Re-staining was performed using neutral red staining solution for 5 min, followed by a 1-min water wash. The tissues were dehydrated through a gradient alcohol series (95, 100%) for 0.5 min each and cleared with xylene twice (2 min each). Finally, the samples were mounted with neutral gum, observed under a microscope, and photographed.



2.12 Immunohistochemistry staining

Dewaxing was performed using xylene solution twice, 20 min each time. The samples were then treated with a gradient alcohol series (100, 100, 95, 80%) for 5 min each, followed by three rinses with phosphate-buffered saline (PBS) (3 min each). The samples were incubated in 3% hydrogen peroxide at 37°C for 10 min and rinsed with PBS three times (3 min each). Next, the samples were placed in 0.01 M citrate buffer (pH = 6.0) and boiled for 10 min, followed by natural cooling to room temperature. After cooling, the samples were rinsed with PBS three times (3 min each). Anti-Human Nuclear Antigen antibody (ab191181, Abcam) was applied, and the samples were incubated overnight at 4°C. The samples were then transferred to room temperature (RT) for 30 min and rinsed with PBS. Goat anti-Mouse IgG H&L (ab205719, Abcam) was added, and the samples were incubated at 37°C for 30–40 min, followed by a PBS wash. For visualization, DAB (3,3′-diaminobenzidine) was used for coloration. Finally, hematoxylin was applied for nuclear staining, and the slides were mounted with neutral gum for microscopic examination.



2.13 Statistical analysis

The One-way ANOVA way was played to evaluate the statistical significance by the GraphPad Prism 8 software. All the data were analyzed and obtained from over triplicate samples.




3 Results


3.1 Crosslink HA hydrogel preparation and character

In this work, a type of crosslinked HA hydrogel was fabricated by the BDDE at 4°C overnight. Then, the crosslinked HA hydrogel was smashed by homogenizer. The crosslinked HA product a continuous transparent gel state (Figure 1A). As shown in Figure 1B, the crosslinked HA hydrogel showed a pore structure in solid gel from the SEM. This is because the HA hydrogel particle own high adhesion resulting in the hydrogel particle form a solid gel and with high pore rate. The crosslinked HA hydrogel swelling rate was tested via the weighing method. The results showed that the swelling rate reached a swelling balance PBS at 37°C after 24 h. Interestingly, the swelling rate of the crosslinked HA is decreased with the increase of crosslinker BDDE (Figure 1C). In the same case, the swelling equilibrium of cross-linked HA was 889.2% when the crosslinker was added to 5 ul, and when the crosslinker was added to 10 ul, the swelling balance of cross-linked HA was 815.3%. Importantly, after adding 10 ul and 15 ul crosslinker to HA, the swelling rate is similar (about 816%). This may be due to the fact that the optimal crosslinking ratio has been reached at 10 ul of crosslinker. However, the result (Supplementary Figure S1) showed that the swelling rate of crosslink HA hydrogel in wet condition was 128.2%, which had no significant changes compared to initial wet hydrogel. Thus, it should have no detrimental effects on the patient. Additionally, the rheological behavior of the crosslink HA hydrogel. The results (Figure 1D) indicated that the elastic modulus (G′, 121.4 Pa) is higher than the loss modulus (G″, 405.8 Pa). This is due to the fact that the cross-linked gel is a solid structure. Furthermore, the particle size of crosslinked HA hydrogel was D10 = 52.2 ± 3.2 μm, D50 = 198.1 ± 7.1 μm, D90 = 581.5 ± 5.4 μm (Figure 1E). The highly interconnected and distributed porous structures may provide a large number of adhesion sites and create a favorable microenvironment for cell adhesion and migration. To mimic the microenvironment, the hydrogels were incubated at 37°C in PBS with or without hyaluronidase. After being incubation, the samples were taken out and lyophilized, and then monitored the remaining weight. The HA hydrogel degraded the fastest and decreased to 39.6%% of the original mass after 28 days in PBS. However, while the HA hydrogel with hyaluronidase (150 U), the remaining weight decreased to 13.2%, only in 5 days (Figure 1F).

[image: Panel A shows clear gel forming shapes on a flat surface. Panel B presents a scanning electron microscope image of a porous material structure at a scale of one hundred micrometers. Panel C is a line graph depicting swelling rate percentage over time for three hydrogel formulations, with rapid initial increase then leveling off. Panel D shows a frequency sweep graph with two lines representing elastic modulus and loss modulus, both increasing with frequency. Panel E is a bar graph displaying particle size distribution at D10, D50, and D90 with increasing values. Panel F is a line graph comparing weight ratio percentage over time for hydrogel alone and with hyaluronidase, showing faster degradation when hyaluronidase is present.]

FIGURE 1
 The characteristics of Crosslink HA hydrogel. (A) Macroscopic diagram of cross-linked HA. (B) SEM characteristic of cross-linked HA. (C) The swelling rate characteristics of Crosslink HA hydrogel. (D) the Rheological properties of cross-linked HA. (E) Cross-linked HA particle size distribution. (F) The weight rate characteristics of Crosslink HA hydrogel.




3.2 Epidermal cells extraction and preservation

At first, we optimized the protocol for extracting autologous epidermal cells. In addition, we further demonstrated that the extracted cells were epidermal cells and not fibroblasts by comparing the morphology of the extracted cells and fibroblasts (Supplementary Figure S2). We compared the viability and density of cells extracted by two different methods: (1) the TEM, which involved 0.25% trypsin–EDTA solution at 4°C for 16 ± 1 h, and (2) the NEM, which utilized 0.5% trypsin–EDTA solution at 37°C for 2 h. On average, the yielded cell viability is about 85.88% and a cell density is 8.44 × 105/cm2 in TEM group (control). the NEM group is achieved a viability of 82.39% and a density of 1.13 × 106/cm2 (Figures 2A,B). These results demonstrate that the new extraction technique not only significantly reduces the time required for cell extraction but also maintains high cell density and viability.

[image: Four-panel scientific figure compares TEM and NEM groups on cell characteristics: (A) Bar graph shows NEM has higher live cell number with statistical significance; (B) both groups display similar cell viability; (C) NEM exhibits higher cell activity post-extraction with significance; (D) line graph shows cell viability decreases over three hours during cold saline preservation, with NEM maintaining slightly higher viability than TEM.]

FIGURE 2
 Cell extraction and preservation. (A) Live cell number per unit area after extraction. (B) Cell viability after extraction. (C) Cell activity after extraction, evaluated by MTT assay. (D) Cell viability after preserved in saline at 4°C for different time intervals (n = 6, mean ± SD) (**p < 0.005).


Next, the cell proliferation activity of cells, obtained from two extraction methods, was assessed via the MTT assay. After 3 days of culture, the average absorbance value for the experimental group (NEM) was 0.224 ± 0.018, while the control group (TEM) showed an average absorbance value of 0.149 ± 0.013. These results indicate that cells extracted via the NEM exhibited significantly higher proliferation activity compared to those from the control group (Figure 2C).

To establish the optimal timeframe for clinical application, we systematically evaluated the impact of storage duration on cellular viability. Cells isolated by both conventional (TEM) and novel (NEM) extraction methods were suspended in saline and maintained at 4°C for defined intervals (0–3 h). Viability assessment at each time point demonstrated consistent maintenance of cellular integrity, with NEM-isolated cells exhibiting viabilities of 85.52 ± 0.8% (0 h), 85.43 ± 1.2% (1 h), 83.16 ± 1.5% (2 h), and 82.66 ± 1.1% (3 h). TEM-isolated controls showed comparable stability (85.88 ± 0.9%, 84.04 ± 1.3%, 79.57 ± 1.7%, and 82.37 ± 1.4% at respective time points) (Figure 2D). Statistical analysis confirmed no significant viability reduction (p > 0.05) throughout the 3-h observation period for either method. These findings indicate a clinically practical ≥3-h window for surgical preparation while maintaining optimal cellular viability. Moreover, after 24 h of co-incubation with the cross-linked HA extract, the cell viability was as high as 95%. This demonstrates that cross-linked HA has a high biosafety (Supplementary Figure S3).



3.3 Cell safety

To assure the safety of the epidermal cells, extracted with our newly developed technology, the cell surface markers were tested by flow cytometry. The key cell markers were detected and compared with cells extracted with clinically by TEM. According to the results, the expression of epidermal cell surface markers obtained by TEM and NEM were basically the same, positively expressing α-MelanA and cytokeratin 14, while negative for Pan-cytokeratin (Figure 3). Moreover, MelanA, in conjunction with melanocyte markers, can represent the quantity of melanocytes extracted. Similarly, Cytokeratin 14, Pan-cytokeratin, when paired with keratinocyte markers, signifies the amount of keratinocytes extracted. The results indicated that the proportion of melanocytes extracted by the traditional method is approximately 88.79%, whereas the new method yields about 82.53%. Furthermore, the traditional method extracts keratinocytes at a rate of roughly 92.44%, compared to 84.581% for the new method. The data reveal that, for the same detection volume, the traditional method yields a slightly higher proportion of both melanocytes and keratinocytes than the new method. However, the total number of cells extracted per unit area by the new method is 1.38 times that of the traditional method, with the corresponding total quantities of melanocytes and keratinocytes significantly surpassing those obtained by the traditional approach. Consequently, the new extraction technique demonstrates superior efficacy.

[image: Panel of scatter plots from flow cytometry displaying FL2-A vs SSC-A data for markers MelanA+, Cytokeratin-14+, and Pan-Cytokeratin+ under Blank, Isotype, and either TEM or NEM conditions, with boxed gating regions indicating selected cell populations.]

FIGURE 3
 Cell surface markers characterization. The cell markers were identified by flow cytometry. (A) Cells obtained via traditional extraction method (TEM) were detected by flow cytometry to evaluate the expressing level of cytokeratin 14, α-MelanA and Pan-cytokeratin. (B) Cells obtained via new extraction method (NEM) were detected by flow cytometry to evaluate the expressing level of cytokeratin 14, α-MelanA and Pan-cytokeratin.




3.4 Subcutaneous injection for residence evaluation

To assess whether the crosslinked HA hydrogel could extend the residence time of extracted epidermal cells. The cross-linked HA gel is mixed directly with the extracted cells after sterilization. Therefore, the cell encapsulation efficiency of hydrogel can achieve 100%. The epidermal cell-HA hydrogel suspensions were subcutaneously injected into nude mice. Seven days post-injection, the tissues were harvested, and tissue sections were stained and analyzed. First, human nuclear antigen staining was performed to evaluate the efficacy of the HA hydrogel. The results demonstrated that the HA hydrogel prolonged the retention of cells at the implantation site, as a higher number of cells were observed in the TEM + HA and EEM + HA groups compared to TEM group (Figure 4). During Day 7 inoculation, the inoculation sites of animals in each group were observed. No abnormal skin color changes or subcutaneous nodules were observed at the inoculation sites of animals in the four groups. Furthermore, the NEM + HA group exhibited a greater number of positively stained cells 7 days post-injection about 36.61%. However, the TEM group positively stained cells only exhibited 1.61%. Regardless of the cell extraction method, the introduction of suitable cross-linked HA will increase the cell retention effect (Figure 5). Subsequently, Masson-Fontana staining was conducted to assess the in vivo distribution of melanocytes. Similarity, the NEM + HA group exhibited a greater proportion of positively stained cells 25.79%, which is much higher than TEM group (1.86%) (Figure 6). The results revealed that the HA hydrogel effectively retained melanocytes at the implantation site, whereas melanocytes suspended in saline were scarcely detectable at the site. Collectively, these findings suggested that the new extraction method enhanced the in vivo survival rate of cells, while the HA hydrogel significantly prolonged their retention at the implantation site.

[image: Four tissue samples are shown on a green background, each labeled as TEM, TEM+HA, NEM, and NEM+HA. The samples include visible blood vessels and a defined central area marked by a red dashed circle for comparison. A scale bar in the first panel measures 1 centimeter.]

FIGURE 4
 The mouse subcutaneous diagram after 7 days. The red circle indicates cells retention in subcutaneous.


[image: Panel a contains four microscope images labeled TEM, TEM+HA, NEM, and NEM+HA, depicting tissue sections with varying levels of brown-stained positive cells. Panel b shows a bar graph comparing the proportion of positive cells among these groups, with NEM+HA showing the highest value, followed by NEM and TEM+HA, and statistical significance indicated by asterisks.]

FIGURE 5
 (a) Immunohistochemistry of human nuclear antigen; (b) Proportion of positive cells about Immunohistochemistry of human nuclear antigen. The yellow arrow indicates cells positively expressing human nuclear antigen (bar: 50 μm) (*p < 0.05, ***p < 0.001).


[image: Panel a shows four histological images of tissue sections labeled TEM, TEM+HA, NEM, and NEM+HA at seven days after subcutaneous injection, with cell clusters highlighted in yellow. Panel b displays a bar graph titled Masson-Fontana, comparing the proportion of positive cells among groups, showing significant increases in TEM+HA, NEM, and NEM+HA compared to TEM, with statistical significance marked by asterisks.]

FIGURE 6
 (a) Masson-Fontana staining for melanocytes; (b) Proportion of positive cells about Masson-Fontana staining for melanocytes. The yellow arrow indicates cells that were positively stained (distribution of melanocytes) (bar: 250 μm) (*p < 0.05, ***p < 0.001).





4 Discussion

Vitiligo is a chronic dermatological condition characterized by localized or generalized depigmentation of the skin, clinically manifested as a reduction in melanin levels (36). The pathogenesis of vitiligo is characterized by a sequence of interrelated pathological events, which can be summarized as follows: (1) Oxidative stress-mediated melanocyte damage, primarily driven by reactive oxygen species (ROS) produced during melanogenesis; (2) Functional decline of melanocytes and melanocyte stem cells; (3) Autoimmune-mediated cytotoxicity targeting melanocytes; (4) Inherent oxidative stress hypersensitivity of melanocytes in vitiligo patients. These mechanisms synergistically contribute to the progressive loss of melanocytes and melanocyte stem cells, resulting in the persistence or expansion of depigmented lesions due to impaired repigmentation capacity. Several treatment modalities are available for vitiligo in clinical practice, among which cell suspension therapy has gained widespread use in recent years, particularly for stable vitiligo cases (37). Conventional cell suspension therapy faces significant limitations, including poor cell viability and suboptimal therapeutic outcomes. To address these challenges, we propose a tissue engineering-based approach that combines biomaterials with cell suspensions for intradermal injection into vitiligo-affected areas. This strategy significantly enhances cellular retention and improves treatment efficacy, representing a promising novel therapeutic paradigm for vitiligo management.

In the context of cell-based therapy, the primary challenges include the prolonged extraction time for epidermal cells, low cell yield, and unstable cell retention at the recipient site. To address these issues, a highly efficient extraction method and protocol was developed. Compared to the traditional technique (0.25% trypsin solution, 4°C, 16 ± 1 h), our approach (0.5% trypsin solution, 37°C, 2 ± 0.5 h) offers two significant advantages: (1) the extraction time for the epidermal cell suspension was significantly reduced to approximately 2 h without compromising cell viability or functionality; and (2) crosslinked sodium hyaluronate was employed as a carrier for the cell suspension, enhancing cell retention and prolonging its duration at the implantation site.

To assess the biosafety of our approach, comprehensive cell surface marker characterization was performed (Figure 3). Comparative analysis revealed identical expression profiles of epidermal cell markers between cells isolated via conventional and novel extraction methods. Specifically, positive expression of α-MelanA and cytokeratin 14, coupled with negative pan-cytokeratin staining, confirmed maintenance of normal cellular phenotypes. To evaluate therapeutic efficacy, we conducted in vivo studies using a nude mouse model. Masson-Fontana melanin staining and immunohistochemical analysis (Figures 5, 6) demonstrated that HA hydrogel-mediated delivery significantly enhanced cellular persistence at the implantation site. Quantitative assessment revealed substantially greater cell retention in HA hydrogel-treated groups compared to controls (p < 0.01), confirming the biomaterial’s capacity to improve cellular engraftment.

Our findings demonstrate the development of a promising therapeutic approach for stable vitiligo. However, clinical validation through further human studies remains imperative. As a next step, we plan to initiate a hospital-based pilot clinical trial with eligible participants. To enhance clinical applicability, particularly for patients with extensive lesions, scaling up cellular expansion prior to transplantation will be critical. Current in vitro expansion protocols predominantly utilize animal serum-containing media, which presents non-negligible biosafety risks including potential contamination with pathogens (bacteria, viruses, or prions) that could compromise patient safety upon administration. To address these limitations, there is an urgent need to develop serum-free culture media specifically optimized for the in vitro expansion of both epidermal keratinocytes and melanocytes. This advancement would provide a safer, more standardized, and clinically translatable approach for cell-based vitiligo therapies.



5 Conclusion

In summary, this study developed an injectable hyaluronic acid (HA)-based cell delivery system for the treatment of stable vitiligo. First, we optimized the cell extraction protocol to safely obtain a sufficient quantity of epidermal cells within approximately 2 h. Second, the use of crosslinked hyaluronic acid hydrogel as a cell delivery system significantly enhanced the retention of transplanted cells, including a substantial population of melanocytes. Together, these advancements provide a promising cell-based therapeutic strategy for the treatment of stable vitiligo.
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Background: Vitiligo is a rare skin disorder affecting approximately 2% of the world’s population with significant impact on body image and subsequent psychosocial involvement in terms of self-esteem and quality of life. Our study focused on assessing these psychosocial aspects in Romanian vitiligo patients.
Methods: Assessment of self-esteem and quality of life were evaluated by self-reported completion of the Rosenberg self-esteem and Dermatology Life Quality Index validated questionnaires. Sociodemographic data were also collected from the 114 respondents, including age, gender, residence, marital status, level of education and debut of vitiligo. Besides classical statistical evaluation, dimensionality reduction analysis techniques, such as principal component analysis and multiple correspondence analysis were employed to investigate in complexity the impact of various factors on the quality of life and self-esteem of patients with vitiligo.
Results: Our findings suggest that age, marital status and disease duration were amongst the most important factors that affects the psychosocial well-being of patients with vitiligo. Elderly, married patients with long-established vitiligo scored better on the quality-of-life outcomes and higher on the self-esteem questionnaire compared to their younger, single and recently diagnosed peers with vitiligo.
Conclusion: Our findings highlight the significant influence of sociodemographic factors on self-esteem and quality of life in vitiligo patients, emphasizing the need for further research and personalized support to address the psychosocial impact of the condition.
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1 Introduction

Vitiligo is a chronic, acquired autoimmune skin disorder characterized by the absence of pigmentary cells leading to a patchy loss of skin color appearing on both visible and occult surfaces of the body. With a prevalence of 0.5–2% of the world’s population, vitiligo is considered the most frequent skin depigmentation disorder, affecting approx. 28.5 million people worldwide. Akl et al. have recently reported that the physician- or dermatologist-diagnosed lifetime prevalence of vitiligo for the general population exceeded 0.5% in countries in the Indian subcontinent and Eastern Europe with an estimate of 0.54% [0.29–1.11] in Romania (1, 2). Vitiligo can be categorized as non-segmental or generalized and segmental or localized. Non-segmental vitiligo has multifactorial etiology ranging from autoimmune disorders to various risk factors, such as genetic predisposition, familial clustering, skin cancer, or other triggers. Segmental vitiligo is presumably caused by the release of different neurochemicals by the nerve endings in the skin, destroying the melanocyte skin cells (3). Albeit, a vast treatment arsenal for vitiligo exists, including topical ointments, phototherapy, oral corticosteroids or immunosuppressive agents, surgery, or adjunctive therapies, it remains without a universal cure, remaining both a medical and humanistic burden worldwide (4, 5).

Vitiligo is known to affect patient’s quality of life characterized by psychosocial disturbances translated to both private and social interpersonal relationships (6). The recently published VALIANT study by Bibeau et al. reported a significant impact of vitiligo on quality of life and emotional well-being, particularly in patients with more than 5% of their body surface affected, Fitzpatrick skin types IV–VI, or visible skin involvement (7). Several questionnaires are available to assess the quality of life of patients with vitiligo. One of the most widely used methods is the Dermatology Life Quality Index (DLQI) questionnaire which covers the symptoms, emotions, social interactions and treatment difficulties of patients with vitiligo (8–10) or VitiQoL (Vitiligo-Specific Quality of Life Instrument) mainly developed to assess the psychosocial burden of vitiligo in terms of stigma, social anxiety and behavior (11). Regarding confidence, the Rosenberg self-esteem scale, RSE (12) or the State self-esteem scale, SSES (13) are the most widely used questionnaires focusing on self-worth and self-acceptance and temporary self-esteem fluctuations, respectively.

Our study focuses on the evaluation of life quality and self-esteem of patients with vitiligo in Central Romania based on the DLQI and RSE questionnaires. Furthermore, our goal was to elucidate complex associations between anthropometric and disease-related variables and their impact on the patient’s psychosocial well-being using dimensionality reduction statistical techniques such as principal component analysis driven hierarchical clustering analysis and multiple correspondence analysis.



2 Materials and methods


2.1 Study design

The present study was a cross-sectional, observational study based on data collection using the Dermatology Life Quality Index (DLQI) and Rosenberg Self-Esteem (RSE) questionnaires conducted between March 2022 and March 2023. The enrolled study participants were patients diagnosed with vitiligo, over 18 years of age from private outpatient offices in the region and the outpatient department of the Dermatology Clinic in Târgu Mureș. Participation in the study was voluntary, and patients were informed about the aims and scope, anonymity and compliance with the General Data Protection Regulation (GDPR). Minimal sample size was established based on obtaining pertinent insights into sociodemographic and vitiligo relationships focusing on life quality and self-esteem with a confidence level of 95% at 10% margin of error. The severity of vitiligo was classified using a simplified extent-based system as proposed by Kawakami et al. (14) which was adopted to our study design considering Grade 1 for affected skin surface below 10%, Grade 2 for 10–25%, and Grade 3 for involvement greater than 25%. The present study involving humans was approved by the Ethics Commission of the Faculty of Medicine with no. 1255/2021, respectively, the Mureș County Clinical Hospital with no. 16501/2021.



2.2 DLQI and RSE questionnaires

Both questionnaire surveys were conducted on their respective validated form. The questions on the DLQI questionnaire were scored on a four-point Likert scale: 0 = not at all, 1 = a little, 2 = a lot and 3 = very much. Total DLQI score was calculated by adding up the scores obtained for each question. According to these, patients were categorized in one of the following DLQI categories:

	• 0–1 point: no effect on the patient’s life
	• 2–5 points: small effect on the patient’s life
	• 6–10 points: moderate effect on the patient’s life
	• 11–20 points: very large effect on the patient’s life
	• 21–30 points: extremely large effect on the patient’s life.

Furthermore, the DLQI questionnaire was evaluated based on six sub-scale established as follows: symptoms and feelings (Q1 and Q2), daily activities (Q3 and Q4), leisure (Q5 and Q6), work and school (Q7) personal relationships (Q8 and Q9) and treatment (Q10).

Similarly, the RSE questionnaire was evaluated on a four-point Guttman scale: 0 = strongly disagree, 1 = disagree, 2 = agree and 3 = strongly agree. Items 2, 5, 6, 8 and 9 were reverse scored for the evaluation. Scores between 15 and 25 were considered normal range, while scores below 15 were categorized as low self-esteem.



2.3 Statistical analysis

Data evaluation was carried out using GraphPad Instat® v. 3.06 (GraphPad Software Inc., El Camino Real, San Diego, USA). Two – and three–dimensional contingency tables were analyses using Fischer’s exact test and chi–square test, respectively. Respondents DLQI and RSE total scores were evaluated for normal distribution using the Kolmogorov-Smirnov test. Non–parametric tests were used to compare the total scores obtained for DLQI and RSE questionnaires – Mann–Whitney U–test for comparing two groups, and Kruskal–Wallis test or one-way ANOVA to compare three groups. Multivariate data analysis of the dataset was carried out using the SIMCA® 17 software (Sartorius Stedim Data Analytics AB, Umeå, Sweden). Principal component analysis (PCA–X) based hierarchical clustering analysis (HCA) was employed as statistical methodology to assess complex factor–to–response relationships in the presented dataset. The model was evaluated based on the goodness of fit (R2) and goodness of predictability (Q2) values. Separate designs were constructed based on respondents’ answers given to both DLQI and RSE questionnaire, as well as based a scoring system according to the guidelines given for each type of questionnaire. To validate the results obtained by categorical HCA, a correspondence analysis (CA) was carried out using the Orange® data mining software v. 3.38.1 (Bioinformatics Lab, Ljubljana, Slovenia). Statistically significant differences were considered at a cut–off of p < 0.05 (15).




3 Results


3.1 Anthropometric and demographic data

Anthropometric data – The questionnaires were completed by 114 persons, of which 56 male and 58 female patients, indicating an equal distribution of the respondents in terms of gender. Regarding the residence of the patients 66.6% (n = 76) were urban residing persons, while 33.3% (n = 38) were from the rural environment. The age distribution of the respondents spun between 19 and 78 years as presented in Table 1.



TABLE 1 Age distribution of the respondents.
[image: Table displaying age distribution and corresponding number of respondents: 18 to 24 years, 7; 25 to 34 years, 25; 35 to 49 years, 26; 50 to 65 years, 25; over 65 years, 31.]

About two-thirds of the participants were married (64.9%, n = 74) and the rest had single marital status (35.1%, n = 40). Concerning the level of education, 79 of the respondents (69.3%) were enrolled in secondary school or graduates and 35 (30.7%) were pursuing university studies or had a BSc degree.

Data about vitiligo – more than half of the respondents had a debut of the disease over 10 years (54.4%, n = 62) and about a quarter between 5 and 10 years (21.9%, n = 25) or below 5 years (23.7%, n = 27). Regarding the localization of the spots, 58.8% (n = 67) of the cases were on visible skin surfaces, while in the rest of the cases (41.2%, n = 47) these were occult. Nearly half (47.4%, n = 54) of the respondents presented grade 1 vitiligo with an affected surface of less than 10%. Grade 2 vitiligo, with an affected skin surface between 10 and 25%, was recorded of another 40.4% (n = 46) of the patients. Finally, only 12.3% (n = 14) of the respondents presented grade 3 vitiligo, with an affected surface above 25%.



3.2 Evaluation of the DLQI questionnaire

The frequencies of the responses given to the questions of the DLQI questionnaire are presented in Figure 1. In general, it can be stated that no statistically significant differences were obtained between the anthropometric variables and vitiligo based on the total DLQI scores obtained by the respondents. However, it is worth noting that according to the marital status of the respondents the differences are only slightly superior to the cut–off limit of p. The statistical results for total DLQI score are presented in Table 2, while the results obtained for each question are included in Supplementary Table 1.

[image: Horizontal stacked bar chart showing DLQI questionnaire responses Q1 to Q10, with percentage breakdowns for “Not at all” (blue), “A little” (orange), “A lot” (green), and “Very much” (purple) categories for each question. Data values are annotated on bars.]

FIGURE 1
 Distribution of patients’ responses to the 10 questions of the DLQI.




TABLE 2 Statistical results of the total DLQI scores based on respondents anthropometric variables.
[image: Table displaying statistical analysis of total DLQI scores by anthropometric variables such as age, residence, gender, localisation, marital status, debut, education level, and affected surface, with columns including category, sample size, average, minimum, quartiles, median, maximum, interquartile range, and p-values.]

Symptoms and feelings (DLQI Q1 and Q2) – 58.8% of the respondents reported no (39.5%, n = 45) or little (19.3%, n = 22) skin affection in terms of pruritus or affliction (Q1). In contrast, 41.2% of the people noted that these symptoms were existent at the moment of evaluation with 26 persons reporting appreciable skin irritation due to the presence of vitiligo. Statistically notable differences were reported based on the debut of the disease (p = 0.0014), where people with vitiligo above 10 years reported less symptoms compared to those with less than 10 years from the debut of vitiligo. Furthermore, statistically significant differences were obtained according to gender (p = 0.029), however considering only binary outcomes no differences were obtained based on Fischer’s exact test (p = 0.707). Concerning embarrassment or self–consciousness no statistically significant differences were observed based on the evaluation of any other anthropometric data (Q2).

Daily activities (DLQI Q3 and Q4) – concerning routine daily activities significant differences were observed in an age dependent manner regarding the public appearance of the respondents, e.g., shopping (p = 0.032). Elderly patients noted less concern regarding the social judgment compared to young adults and adults between 41–60 years. Despite this observation, no relevant differences were identified concerning the clothing habits between ages groups (p = 0.850). The other anthropometric data did not show noticeable differences between the answers given to Q3 and Q4.

Leisure (DLQI Q5 and Q6) and work and school (DLQI Q7) – no statistically significant differences were observed between any of the anthropometric data analyzed.

Personal relationships (DLQI Q8 and Q9) – personal relationships (Q8) were significantly affected by the martial status of the respondents (p = 0.038), where 50% of the single persons have reported that vitiligo affects their personal relationships, compared to 40% of the married respondents. From another perspective, if only binary outcomes were evaluated no statistically significant differences were observed according to the marital status (p = 0.429). Difficulties concerning sexual life were reported mainly by respondents below the age of 60 years, showing noticeable differences between the age groups (p = 0.048). Similarly, based on the localization of vitiligo significant differences were observed between the visible and occult group (p = 0.044), however once again, if binary outcomes are considered the differences were not considerable (p = 0.452).

Treatment (DLQI Q10) – regarding the time consumption expended on treatment significant differences were obtained for the affected surface area of the skin. Persons with grade 1 vitiligo generally reported no affection in terms of treatment demands compared to grade 2 (p = 0.016) or grade 2/3 patients (p = 0.015).



3.3 Evaluation of the RSE questionnaire

The frequency of responses given to the questions in the RSE questionnaire are presented in Figure 2. In terms of RSE total score, low self-esteem was considerably higher in an age (χ2 (2, 114) = 11.980, p = 0.003) and marital status (χ2 (1, 114) = 4.580, p = 0.032) dependent manner. Considering the total RSE score albeit that according to age no statistically significant differences were obtained (p = 0.071), based on different age categories a notable difference was observed between patients between 18 and 40 years of age compared to elderly patients above 60 years of age (p = 0.026). The statistical results for total RSE score are presented in Table 3.

[image: Stacked bar chart compares responses to ten RSE questions, displaying proportions who strongly disagree, disagree, agree, and strongly agree in different colors. Percentages are labeled within each segment.]

FIGURE 2
 Distribution of patients’ responses to the 10 questions of the RSE questionnaire.




TABLE 3 Statistical results of the total RSE scores based on respondents anthropometric variables.
[image: Statistical table comparing total RSE scores across anthropometric variables such as age, residence, gender, localisation, marital status, debut, education, and affected surface, presenting sample size, descriptive statistics, and p-values for group comparisons.]



3.4 Exploratory data analysis

Based on the evaluated data and by considering the psychological complexity of skin related diseases, i.e., vitiligo, PCA based HCA and CA were employed to investigate and describe underlying relationships between anthropometric data, vitiligo and life quality and self-esteem.

Multivariate data analysis – the HCA analysis based on numerical data revealed a clustering of the patients on the first principal component. The first group of patients comprised of single, 18–40 years respondents with a debut of vitiligo of less than 10 years. Conversely, the second group contained married, elderly patients with more than 10 years of vitiligo. No other sociodemographic differences were identified between the resulting clusters. The results obtained revealed important differences between the two clusters in terms of responses given to both the DLQI and RSE questionnaires. Young, single patients tend to give higher scores to all questions regarding the life quality questionnaire, indicating that vitiligo affects a lot or very much their symptoms, daily activities, leisure or work demands, personal relationships or treatment bearings, being generally classified into category V indicating that vitiligo has an extremely large effect on patients’ life. In contrast, elderly, married patients are less affected by the presence of vitiligo and no-to-moderate (cat. I – III.) effect on the patient’s life was observed as the responses given to DLQI Q1–Q10 are mainly “not at all” (Figure 3). The correlation matrix between DLQI and RSE questions is presented in Supplementary Table 3.

[image: Bar chart with error bars displaying multiple variables along the x-axis, each grouped and color-coded: green for demographic and clinical variables, pink for DLQI scores and categories, orange for RSE scores and categories, and blue for SM questionnaires. The y-axis shows scaled values ranging from negative zero point four to positive zero point four.]

FIGURE 3
 Life quality and self-esteem differences according to sociodemographic clustering of patients. Anthropometric and disease related data are shown with green bars, DLQI questions and categories with lavender bars, RSE questions and categories with brownish-red bars, while clusters with blue bars.


By analyzing the categorical dataset based on the previous clustering of the patients it was observed that indeed elderly, married patients with long–standing vitiligo generally responded with “not at all” to the questions of the DLQI questionnaire, compared to the younger people with responses ranging from “a lot” to “very much.” Concurrently, the affected life quality of younger respondents is also reflected in the responses given to the RSE questionnaire (Figure 4).

[image: Box plot chart with horizontal axis displaying various demographic and survey variables, including age, gender, marital status, DLQI, RSE, and SM2 DAL. Vertical axis represents standardized coefficient values. Different colored boxes indicate variable groups, each with visible ranges, median, and whiskers.]

FIGURE 4
 Differences in responses given to the DLQI and RSE questionnaires according to sociodemographic clustering of patients. Anthropometric and disease related data are shown with green bars, DLQI questions and categories with lavender bars, RSE questions and categories with brownish-red bars, while clusters with blue bars.


The results obtained by PCA were underpinned by evaluation of the dataset using MCA (Figure 5). Similar data clustering can be observed according to the four quadrants of the cartesian plane. The first quadrant comprises of the elderly patients with DLQI categories of I – III, showing normal self–esteem according to the evaluation of the RSE questionnaire. This is complemented by the variables existent in the fourth quadrant, where married people with long–lasting vitiligo, mainly present on occult surfaces are showing an inclusion tendency toward this group. On the other pole, quadrants two and three were represented by young, single patients generally being classified as category V outcomes according to the DLQI questionnaire, and presenting low self-esteem. Visible localisation of vitiligo and men usually present a tendecy toward these obsevations.

[image: Scatter plot displaying variables related to demographics, disease characteristics, self-esteem, and quality of life, grouped with colored circles and rectangles. X and Y axes are labeled as Component 1 (35.9 percent) and Component 2 (14.1 percent). Key clusters are marked for variables like marital status, age, disease debut age, self-esteem category, DLQI category, gender, and disease localization.]

FIGURE 5
 Distribution and clustering of data based on multiple correspondence analysis.


Based on DLQI and RSE categories statistically significant differences were obtained between DLQI categories and corresponding RSE classifications, χ2 (4, 114) = 45.13, p < 0.001. DLQI category I and II patients were generally categorized as having normal self-esteem, however higher categories gradually tend to show psychological distress, reflecting in lower self-esteem (Figure 6).

[image: Horizontal stacked bar chart compares low and normal self-esteem levels across five DLQI categories, showing the number of respondents for each. Low self-esteem dominates in higher categories. Color coding distinguishes self-esteem levels.]

FIGURE 6
 Interrelation between DLQI and RSE categories of patients with vitiligo.


Table 4 summarizes the correlation between the DLQI and RSE categorization of the respondents according to the HCA conducted on numerical data. The results indicated that indeed normal self-esteem was correlated with lower impact of vitiligo on the quality of life of the patients, but this tendency gradually switched to a significantly negative correlation in the case of DLQI category V respondents.



TABLE 4 Correlation matrix between DLQI and RSE categories.
[image: Table comparing DLQI categories with RSE—Low-self esteem and RSE—Normal self-esteem. For low-self esteem, values range from negative zero point three two to positive zero point six. For normal self-esteem, values are mirrored, ranging from zero point three two to negative zero point six.]




4 Discussion

Vitiligo is a skin disorder that significantly affects an individual’s psychosocial well-being and perceived quality of life, often leading to implications for self-esteem among those affected. Furthermore, every patient’s experience is distinct, shaped by differences in gender, cultural background, and the healthcare system they navigate, which further underpins the needs to assess the quality of life of patients with vitiligo and to understand patients coping strategies with the burden of the disease (16).


4.1 Life quality and self-esteem of patients with vitiligo

The DLQI serves as a crucial tool in evaluating the quality of life (QoL) among dermatology patients, including those with vitiligo. Several studies have demonstrated that vitiligo can result in marked impairments in quality of life, indicating not only the visible impact of skin lesions but also internal struggles related to self-worth. In our study the average DLQI score in our cohort was 13.3 which is considerably higher than the results presented by other research groups, of 6–7 (17, 18). In an opinion published by Chernyshov et al. it was disclosed that patients with darker skin types reported higher DLQI scores than those with fairer skin types (19). Although, the 114 patients enrolled in our study were all Caucasian participants with phototypes between I and III on the Fitzpatrick skin type scale, somewhat limiting our comparative analysis with other global studies, it is worth noting that compared to other European countries our results indicate the highest DLQI scores hinting a moderate impact on patients’ life. However, considering the Balkan region our results are comparable with those obtained by Teovska-Mitreska in North-Macedonian patients with and average DLQI score of 11.7 (20). This observation may also be associated with stigma or misconceptions surrounding vitiligo in traditional societies, including Romania. In such regions, this can lead to social isolation, avoidance of relationships and discrimination on work or school settings. QoL is also affected by the own perception made by patients suffering from this disease. Psychometric analysis using the RSE questionnaire have revealed a considerable impact on the self-esteem of patients suffering from vitiligo in terms of body image on a neurobiological plain based on demographic characteristics and disease features (21, 22). In our study the average RSE score was 13.7, suggesting somewhat a lower-than-normal self-esteem amongst the enrolled patients.

Life quality among individuals with vitiligo is notably affected by demographic factors such as age, gender, and marital status. Studies show that these variables are closely linked to the psychological and social challenges associated with the condition, which in turn shape how patients perceive their overall well-being. The mean age of the patients enrolled in our study was 49.1 years, evenly distributed among the presented age categories. Researchers consistently show that younger patients score higher on the DLQI questionnaire and experience greater emotional and social distress than their elderly peers (23, 24). Despite that in our study no statistically significant differences were obtained in an age dependent manner, decremental values of total DLQI scores were observed according to age categories, which underpins the observation that life quality can be perceived differently by adult and elderly patients with vitiligo. This observation is also supported by the gradually increasing RSE scores according to age categories, where elderly patients score above 15 on average, suggesting a rather normal self-esteem compared to young respondents reaching the lowest average value of 12.4 considering all sociodemographic variables. Referring to gender, usually female patients tend to experience more significant impact on the quality of life than males, mainly driven by sociodemographic variables (25, 26). In our cohort, there was no statistically significant difference in mean DLQI score between male and female vitiligo patients, however in-line with the literature data female patients scored higher than their male counterparts and this is also evidenced by the lower RSE scores for female patients. It is generally acknowledged, that patients with skin affection, like vitiligo, may experience reticence in intimacy and sexual disfunction (27). While some studies report a higher prevalence of vitiligo among women, inconsistent findings may stem from varying assessment methods and cultural differences, with individuals – particularly those with low self-esteem – being more prone to experiencing sexual difficulties (28). Our findings indicate a trend toward statistical significance based on marital status when considering both the DLQI and RSE scores, which may help explain the inconsistencies reported in the literature.

No noticeable differences were obtained according to education, localized and generalized, stable and unstable or with or without facial involvement amongst vitiligo patients. These findings are consistent with those presented in the literature. According to our results, the duration of the disease (i.e., the age of onset: infancy/childhood vs. adolescence/adult age) was not statistically related to the mean DLQI score. Among the studies which analysed this variable, only the results published by Parsad et al. (29) showed differences in DLQI score according to the length of the disease, however on the contrary, other authors are in agreement with our findings (30). When DLQI score was considered with respect to the visibility of the affected sites, e.g., visible and occult areas, the observations of the published studies are inconsistent. According to Ongenae et al. the overall DLQI score correlated with the localization to face, trunk and feet, but did not correlate with localization to hands (31). Conversely, the visibility of sites involved, grouped together, significantly correlated with higher DLQI (32). Additionally, Belhadjali et al. did not observe any significant difference in DLQI score between patients with vitiligo involving covered and uncovered skin, nor in patients in which face and genitalia were, respectively, involved/uninvolved (30).

Concerning the affected skin surface no statistical differences were noted between grade 1, 2 and 3 patients. However, it is worth noting that respondents with grade 3 vitiligo scored higher on both the DLQI and RSE questionnaires than their peers with less affected skin surface. Morales-Sánchez et al. (33) have also reported that the skin surface affected did not show a noticeable impact on the quality of life, as similarly assessed by the DLQI questionnaire. Recent clinical trials have reported that the reduced quality of life expressed by individuals with long-standing vitiligo is likely attributable to the chronic, relapsing–remitting nature of the condition and difficulties in maintaining treatment adherence (34). This trend was also evident in our study, as reflected in the responses to DLQI question 10, where patients with grade 2 and grade 3 vitiligo reported greater impact related to treatment options compared to those with less extensive disease involvement. This may be further influenced by cultural factors – particularly in more traditional societies such as Romania – where reliance on indigenous medical practices and widespread beliefs about the incurability of vitiligo are persisting.



4.2 Multivariate data analysis on the quality of life and self-esteem of patients with vitiligo

Studies have shown that individuals with vitiligo frequently experience a diminished quality of life due to social stigma and the visible nature of the condition, which can lead to psychological distress. For instance, Alfahl et al. found that most vitiligo patients reported low self-esteem, underscoring the emotional ramifications of the disease (35). Additionally, Bonotis et al. highlighted that self-esteem, perceived disease severity, and personality traits such as neuroticism are significant predictors of health-related quality of life (HRQoL) impairment in vitiligo patients (22). These findings suggest that the psychological burden of living with vitiligo is closely intertwined with self-esteem and general quality of life perceptions. Our findings further indicate a potential association between vitiligo, diminished quality of life, and lower self-esteem; however, this relationship warrants a more nuanced and comprehensive analysis beyond basic pairwise comparisons. Using PCA and MCA it was shown that a combination of sociodemographic and clinical factors may jointly lead to different valuations of self-perception and QoL among patients with vitiligo. Habituation to vitiligo over time, due to ageing or disease progression as well as fulfillment by partner acceptance can lead to a higher perception of life quality and higher self-esteem. On the contrary, challenges in young adulthood seeking social integration and forming intimate relationships coupled with newly acquired skin changes may negatively affect perceptions of life quality. This might be driven by low self-esteem, rooted in stigma and misjudgement, especially in more traditional societies.



4.3 Strengths and limitations of the study and future perspectives

As to our knowledge this is the first paper evaluating the quality of life and the burden of the disease in Romanian vitiligo patients using the DLQI and RSE questionnaires. Using different dimensionality reduction analysis tools, we could explore in greater depth the impact of sociodemographic variables on the quality of life and self-esteem of patients with vitiligo. It is also recognized that self-report questionnaires are susceptible to response bias, and that self-esteem and quality of life may be either under- or overestimated due to factors beyond the disease itself. Furthermore, larger studies conducted on population-based samples are needed to confirm or infirm our findings, possibly involving primary care physicians. Also, it is recommended that the assessment of quality of life in patients with vitiligo be complemented by additional validated psychometric instruments, such as the Beck Depression Inventory for evaluating depressive symptoms and the State Anxiety Inventory-1 (STAI-1) for measuring state anxiety and FSFI (Female Sexual Function Index Scoring) and/or IIEF (International Index of Erectile Function) to address intimacy hurdles among patients with vitiligo.




5 Conclusion

In summary, our findings indicate that the quality of life and self-esteem of patients with vitiligo is crucially impacted according to sociodemographic variables. Although pairwise comparisons of the DLQI and RSE total scores did not show statistically significant differences, principal component analysis and multiple correlation analysis revealed meaningful underlying patterns. Variables such as age, marital status and disease duration emerged as key factors differentiating responses on both the DLQI and RSE scales. Generally, elderly, married patients with longstanding vitiligo have reported higher self-confidence and a lesser impact to their quality of life compared to their younger, single and newly diagnosed peers.

In addition, it is essential to conduct further research on the quality of life in vitiligo patients. Providing personalized medical and psychological support are crucial in improving patient care and addressing the psychosocial burden of the disease. Ultimately, improving patients’ subjective appraisal of their condition is essential to better cope with the emotional and social impact of the condition.
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Introduction

Vitiligo is a common, acquired, patchy depigmented skin disease that can be localized or widespread. Its global prevalence ranges from 0.2% to 1.8% (1). Despite its benign nature, the psychosocial burden of vitiligo parallels that of other chronic dermatological diseases such as psoriasis and eczema (2). Lesions, particularly those in visible areas like the face, neck, and hands, contribute to stigma, anxiety, and depression. The chronic nature of vitiligo, combined with the reluctance of many dermatologists to offer active treatment due to pessimism regarding its efficacy, significantly affects patients' quality of life (3). Traditional diagnostic tools such as dermatoscopy, Wood's lamp examination, and skin biopsies continue to play a central role. Dermatoscopy provides detailed insights into pigment changes and structural alterations in vitiligo patches. Wood's lamp is helpful in delineating lesions and assessing disease stability, especially in subjects with light phototypes. Conversely, biopsies are invasive and therefore should be reserved for select cases. Assessing vitiligo disease severity and progression remains challenging due to variability in lesion size, number, distribution, morphology, and pigmentation patterns. In fact, several subjective and semi-objective tools, including the Vitiligo European Task Force assessment (VETFa) and the Vitiligo Area Scoring Index (VASI), have been developed (4, 5), but they are limited by lack of objectivity, consistency, and ease of use in everyday clinical settings (6). Objective methods, such as colorimetry, reflectance confocal microscopy (RCM), and digital image analysis, are promising but often require expensive equipment and specialized expertise (7). Recently, AI and deep learning methods have emerged as powerful tools in medical image analysis, enabling automated pattern recognition, classification, prediction, and decision support. These tools enable objective and reproducible assessment of vitiligo, thereby assisting clinicians in evaluating treatment efficacy and tailoring therapy within a personalized medicine approach.

In this article, we review the principal AI methods currently available to assist clinicians in diagnosing and monitoring vitiligo, evaluating how these tools can integrate into and enhance current clinical practice.

Various machine learning (ML) approaches have been utilized to distinguish between healthy individuals and vitiligo patients and differentiate segmental from non-segmental forms. Recent AI-driven models have enhanced diagnostic capabilities. Hypopigmented dermatoses (HD), a group encompassing vitiligo, pityriasis alba, pityriasis versicolor, and others, pose diagnostic challenges (8). Deep learning has demonstrated higher accuracy rates for vitiligo than for other HD types, attributable to greater sample sizes and better feature learning (9). Studies such as those by Han et al. (10), which achieved 90% accuracy in classifying 12 skin diseases, and Esteva et al. (11), where AI models matched dermatologist-level accuracy in skin cancer detection, highlight their strong diagnostic potential in dermatology, particularly for image-based disease recognition and triage support. Severity evaluation, however, remains crucial for treatment planning. Although VASI is widely used, manual calculation is complicated by irregular lesion shapes. Image analysis software like Photoshop® and AutoCAD® offers improved area measurements but demands significant time and expertise (12). AI models now enable automatic lesion segmentation and colorimetric analysis, streamlining severity assessment (9).

Several deep learning models have been developed for vitiligo analysis with high accuracy and clinical relevance. Convolutional Neural Networks (CNNs) are deep learning architectures designed to automatically learn spatial hierarchies of features from input images. EfficientNet B7-based CNNs have shown strong classification performance, supporting preliminary assessments of vitiligo images (13). Other new CNN-based approaches, such as SE_ResNet-18 and Swin Transformer Large models, have achieved accuracies exceeding 93% (14). Class activation maps generated by these models enhance interpretability, linking model decisions to lesion characteristics and facilitating clinical trust. AU-Net (Attention U-Net), an enhanced AI architecture with integrated attention mechanisms, achieved an estimated accuracy of over 90% in segmenting depigmented areas by selectively focusing on relevant spatial features while reducing background interference (15). EfficientNetV2-L, a CNN optimized for both speed and accuracy, reached 94.5% classification accuracy and demonstrated strong generalizability through cross-validation and external clinical testing (16). AI-based models have also demonstrated high accuracy in vitiligo severity assessment by replicating dermatologist-assigned scores, offering a reliable and objective alternative for clinical evaluation (17). Advanced hybrid AI models using architectures such as YOLO v3 and UNet++ have also achieved reliable morphometric and colorimetric assessments in patients with Fitzpatrick skin types III-IV. Add-on metrics (VAreaA, VAreaR, VColor) correlated well with dermatologist evaluations, making these models suitable for diverse clinical settings (18). In addition to clinical validation, an important consideration is “segmentation,” which refers to the process of partitioning an image into meaningful regions, typically by classifying each pixel, based on visual characteristics such as color, texture, or edges, to isolate and analyze specific structures or objects. Hybrid ViT-CNN leverages the global context modeling of Vision Transformers and the fine-grained spatial details, achieving 96.8% segmentation accuracy (16). Finally, VitiligoNet, a deep CNN framework, offers end-to-end lesion detection, segmentation, and classification, with a reported accuracy of 97.4% that has proven effective across diverse skin tones and clinical scenarios (19). Table 1 compares AI models for vitiligo diagnosis and severity assessment.

TABLE 1  Comparison of AI models for vitiligo diagnosis and severity assessment.


	Model
	Architecture
	Accuracy
	Special features
	References





	EfficientNet B7
	CNN
	High
	Image classification of vitiligo vs. healthy skin
	(13)



	SE_ResNet-18
	CNN
	Lower for non-vitiligo HDs
	Lesion area measurement
	(9)



	Swin transformer large
	Transformer-based architecture
	93.82%
	High interpretability via CAMs
	(14)



	Double combination (DCNNs + Color Spaces)
	ResNet50, VGG16, Xception, Inception v3
	87.8%
	Combines multiple networks and color spaces
	(18)



	YOLO v3 + UNet++
	Object Detection + Segmentation
	92.91%
	Simultaneous classification and localization
	(18)



	Fully convolutional network (FCN) + CNN
	CNN modified for segmentation
	98.94% (Facial)
	Trained on synthetic and internet images
	(18)



	Modified U-Net + attention (AU-Net)
	U-Net with attention mechanism
	>90% (estimated)
	Accurate segmentation of depigmented areas
	(15)



	EfficientNetV2-L
	CNN
	94.5%
	Strong performance on cross-validation and external vitiligo datasets
	(16)



	Hybrid ViT-CNN (ConvNeXt + ViT)
	Convolution + transformer hybrid
	96.8%
	Fuses global ViT features with local CNN features for detailed segmentation
	(16)



	VitiligoNet
	Deep CNN
	97.4%
	End-to-end lesion detection, segmentation and classification
	(19)




Studies differ in dataset size, skin-type mix, lighting, and season; direct comparison is indicative only. CAM, class activation mapping; CNN, convolutional neural network; HD, hypopigmented dermatosis; DCNN, Deep Convolutional Neural Network; YOLO, You Only Look Once (real-time object detection algorithm); UNet++, Nested U-Net architecture for medical image segmentation; FCN, Fully Convolutional Network; ViT, Vision Transformer.




Discussion

Although dermatology has increasingly embraced AI for various tasks (such as melanoma detection, lesion classification, risk stratification, and dermoscopic image analysis) vitiligo-specific applications are still emerging and progressively expanding (20). Prospective AI developments include training CNN models on images of vitiligo alongside other HDs to improve lesion detection and classification. Such tools could replace Wood's lamp analysis when unavailable. In addition, automated VASI scoring would facilitate remote monitoring, empowering patients to track disease progression and reducing clinical burdens.

Recent research highlights AI's role in predictive analytics. For instance, elevated full blood count parameters (B lymphocyte count and natural killer cell count) could correlate with localized vitiligo, while systemic markers could predict non-segmental disease progression with promising performance (accuracy 73%) (21). This integrative approach is also useful to identify key disease pathways, such as p38 MAPK signaling and oxidative stress modulation, underscoring AI's dual utility in clinical severity scoring and therapeutic target discovery for vitiligo (18, 22). Interpretability remains crucial but visualizing feature maps from neural networks offers insights into internal processing, promoting transparency and fostering clinician confidence. Therefore, AI models could not only provide disease classification labels but also enhance clinical decision-making by offering intuitive, image-based insights that can simplify and complement traditional assessment methods based on clinical variables and scoring systems.

Despite notable progress, most current studies rely on limited datasets and broader validation through multicenter, multiethnic cohorts is needed to overcome this limitation (14). Moreover, models must handle small lesions, subtle repigmentation, and heterogeneous skin tones to ensure robust performance. Ongoing research should focus on larger datasets, multimodal analyses (combining clinical images, laboratory data, and patient-reported outcomes), and real-world validation. Importantly, dermatologists must be actively involved in shaping the ethical and practical frameworks governing AI applications.

Accurate objective measurement is important to classify and standardize the effectiveness of therapeutic agents, especially in the clinical trial setting of new drugs. However, it is known that objective measures provide an incomplete assessment of severity and response to treatment and that subjective patient-reported measures need to be included. For this reason, AI models should not only consider the accuracy of the data collection method but should be trained to integrate the “human” component of daily life and clinical experience which relies on the subjective patient and clinician point of view. This will be particularly useful in the clinical practice to compare the efficacy between treatment options and to tailor the preferred option according to each patient (23).

In fact, even if progress may be slow, disease stabilization and repigmentation are achievable goals, especially when there is a shared understanding between patients and healthcare providers regarding vitiligo and its treatment options (24). The psychological burden associated with the condition is in fact described in various papers that highlight the importance of raising awareness among both physicians and patients about the well-documented relationship between vitiligo and anxiety or other stress-related emotions (25, 26).

The journey toward routine application in everyday clinical settings is restricted by the following issues: regulatory approval under medical device regulations is necessary to allow marketing of image analysis software; compliance to data privacy laws must guarantee informed patient consent and secure use of clinical images that constitute sensitive personal health information; medico-legal concerns related to healthcare provider responsibility, role of clinicians in mitigating the risk of errors and validation in different patient populations still need to be adequately addressed. Finally, practical aspects related to image analysis, such as the scarce or variable contrast that may be associated with low Fitzpatrick phototypes or with seasonal changes in skin color, respectively, may complicate automated interpretation of patient images.

AI is anticipated to be a transformative force in dermatology: from improved diagnostic accuracy to personalized treatment monitoring, AI tools can enhance clinical workflows and patient experiences within a human-centered healthcare model.

With new therapies on the horizon and AI-driven diagnostics becoming a reality, vitiligo is poised to emerge from obscurity into a new era of personalized, technology-enhanced care.
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1 Introduction

Based on extrapolated prevalence estimates, vitiligo likely affects between 730,000 and 1.46 million people in Russia, yet care remains fragmented and inconsistently available, particularly outside major urban centers. Although some locally developed therapies, such as intramuscular acridone acetic acid (Na-AAA) (1), have shown efficacy in halting disease progression, they remain largely unknown beyond national borders. Building on the foundation laid in “Vitiligo: A Call for Paradigm Shift Toward Comprehensive Patient Care,” (2) this Opinion highlights gaps in Russia's vitiligo care landscape and presents a pragmatic, AI-enabled teledermatology model designed to deliver equitable care across the country's 11 time zones. Importantly, the proposed model may also serve as a blueprint for other regions with similarly vast, sparsely populated territories and limited access to dermatological expertise.



2 Epidemiology and burden in Russia

A 2024 global modeling analysis that included Russian data sources estimated the self-reported lifetime prevalence of vitiligo in Central Europe—a region demographically comparable to Russia—at 0.55% (95% credible interval: 0.33–0.92%) (3). Other multinational population-based surveys in Europe report adult prevalence between 0.6% and 1%, particularly when undiagnosed cases are included alongside diagnosed ones (4, 5). Extrapolating these findings, a reasonable prevalence range for adults in Russia is 0.5–1% of the population. Applied to Russia's 2025 population of 146,028,325, this corresponds to ~730,000–1,460,000 individuals living with vitiligo.

Regional variations may exist: for example, the Ministry of Health of Tatarstan has reported a prevalence of around 2% among its residents (6). A nationwide study to measure vitiligo prevalence in Russia is currently underway, with results pending (7). Surveys conducted in Moscow, St Petersburg, and Kazan show that more than 70% of respondents experience moderate or severe quality-of-life impairment (DLQI ≥ 6) (8, 9). Common stressors include workplace discrimination, difficulty establishing relationships, and reluctance to seek treatment because vitiligo is often perceived as “cosmetic” rather than medical.



3 Current management landscape

Vitiligo management in Russia is shaped by geographic, socioeconomic, and regulatory factors. The most common Fitzpatrick skin types are I and II in the west and north, and type III in the south and east—reflecting the country's ethnic and geographic diversity.


3.1 Clinical guidelines and therapeutic algorithm

The Federal Clinical Guidelines on Vitiligo (10) remain the primary reference for clinicians and recommend a tiered approach:


3.1.1 Topical glucocorticoids (Level A)

First-line for limited ( ≤ 10% BSA) and segmental vitiligo. Agents include methylprednisolone aceponate, clobetasol propionate, and betamethasone dipropionate.

Adults: high to very-high potency (up to 2–3 months); children: moderate to high potency. Intermittent regimens (e.g., 2 weeks on, 2 weeks off) help reduce side effects.



3.1.2 Topical calcineurin inhibitors (Level A–C)

Used when steroids are ineffective or contraindicated. Tacrolimus 0.03% or pimecrolimus 1% applied twice daily for ≥3 months. Widely used off-label due to low risk of skin atrophy.



3.1.3 NB-UVB phototherapy (311 nm, Level A)

Initiate at 100–250 mJ/cm2, increase by 5–20% per session, 2–3 times weekly. Cumulative doses capped around 35 J/cm2 per cycle. Clinical studies report ~45% repigmentation after 6 months.



3.1.4 Systemic corticosteroids (Level C)

Dexamethasone mini-pulse: 0.1 mg/kg on two consecutive days per week for 3 months, followed by tapering—indicated for rapidly progressive disease.



3.1.5 Supportive care

Patients are advised to avoid trauma, sunburn, and emotional stress. Daily broad-spectrum sunscreen (SPF 30–50) is recommended, especially alongside phototherapy to minimize risk of UVB overdosing.




3.2 Access to phototherapy

NB-UVB booths are widely available in federal dermatology centers in major cities (e.g., Moscow, St. Petersburg, Novosibirsk), but access in rural areas remains limited. Outpatient phototherapy procedures are not included in the mandatory medical insurance program (OMS). Some patients receive this treatment in public healthcare institutions, while others turn to private clinics. The average cost of one session is ~1,000 RUB (≈$12.50 at time of writing).

However, treatment adherence remains a challenge. Recent clinical observations indicate that only about 68% of patients complete the full course of NB-UVB therapy, with the average number of treatments being 49 sessions (11).



3.3 Immunomodulatory therapy: acridone acetic acid (Na-AAA)

Na-AAA, known commercially as Neovir®, is a Russian-developed immunomodulatory compound introduced in the 1990s. Synthesized and tested domestically, Na-AAA has been widely used in Russia and several neighboring countries for the treatment of viral infections, autoimmune disorders, and, more recently, as a potential anticancer agent (12). Its integration into Russian dermatological practice reflects a broader tradition of using locally developed small molecules in areas with limited access to Western biologics (13).

A 2014 open-label pilot study found that 10 intramuscular injections (2 mL of Na-AAA 12.5% w/v solution, mixed 1:1 with novocaine) given every 48 h stabilized non-segmental vitiligo in 73% of patients for over a year in clinical study, and over 5 years in follow-up observations. Positive predictors included early-stage disease and limited BSA involvement. Despite its safety, affordability, and decades of clinical use, Neovir® has not been incorporated into international vitiligo treatment guidelines, most likely because large, multicenter trials outside Russia have not been conducted and international regulatory approval has not been actively pursued.



3.4 Adjunctive care

- Psychological counseling and cognitive–behavioral therapy are offered ad hoc in multidisciplinary private clinics, but are not formally integrated into care pathways (9).

- Camouflage cosmetics and micropigmentation are available commercially but not reimbursed.

- Screening for vitamin D deficiency, autoimmune thyroid disease, and metabolic syndrome is inconsistently performed, despite guideline recommendations.




4 Lack of organized patient support

Despite a population of ~147 million, Russia has no national vitiligo patient association. By comparison, the United States (population ~336 million) hosts at least four well-established support organizations—VITFriends, the Global Vitiligo Foundation, Vitiligo Support International, and Vitiligo Bond, among smaller local groups. Local social-media communities provide some support, but geographic fragmentation limits opportunities for sustained peer-to-peer mentorship. Nevertheless, Russian activists and dermatologists celebrate World Vitiligo Day every 25 June, holding public events and media appearances around the country. These grassroots efforts demonstrate appetite for a cohesive national network of vitiligo support groups.



5 Interdisciplinary care model: a pragmatic, tele-enabled pathway

Russia's healthcare system is characterized by pragmatic and results-oriented approaches. Across 11 time zones—from Kaliningrad to Kamchatka—building brick-and-mortar dermatology centers in every region is neither feasible nor fiscally sound. Authors hypothesize that a lean, hub-and-spoke model reinforced by teledermatology offers the most practical route to equitable care in vitiligo under such conditions.


5.1 Hub-and-spoke, supercharged by teledermatology

- Hubs (≈25–30 state dermatology dispensaries in regional capitals such as Moscow, St Petersburg, Novosibirsk, Yekaterinburg, Krasnoyarsk, Vladivostok) deliver advanced services: NB-UVB, dermatosurgery, and psychosocial counseling.

- Spokes include rural Feldsher-midwife stations (FAPs) and district polyclinics. Front-line clinicians capture standardized smartphone images, upload via secure cloud, and receive a specialist plan within 72 h, regardless of geographic distance.

- Digital backbone: domestic telehealth platforms (e.g., SberHealth, Doktis) leverage Russia's deep pool of IT engineers. AI-triage filters non-urgent cases; dermatologists focus on decision-making, not data entry.



5.2 Minimum viable care package

At spoke level:

– Photography protocol: three views per lesion, ruler for scale.

– Basic labs: CBC, TSH, fasting glucose, serum vitamin D.

– First-line therapy: tacrolimus 0.1 % or clobetasol 0.05 % dispensed on site.

– Second-line therapy: add portable NB-UVB devices for home use after in-office training and under distance supervision by a dermatologist and/or during periodic in-person visits.

At hub level:

– NB-UVB protocol: initial 200–300 mJ/cm2, +10% per session until a soft holding dose at 2,000–4,000 mJ/cm2 for the body and 1,500 mJ/cm2 for the face is reached, depending on skin response and erythema,— thrice weekly for the first 3 months, twice weekly thereafter.

– Neovir®: 10 injections of 2 mL Na-AAA 12.5% w/v solution (mixed 1:1 v/v with 2 mL of novocaine) every 48 h to arrest rapid progression, if necessary, prior to NB-UVB therapy.

– Quarterly psycho-education webinars streamed nationwide; recordings archived for asynchronous viewing.



5.3 Data, quality, and funding

All patient encounters populate a vitiligo module within the state health information system, enabling real-time monitoring of treatment outcomes and resource allocation across regions.

Dermatology consultations in public healthcare institutions are covered under the Mandatory Health Insurance scheme (OMS). In private clinics, however, the cost of a dermatology visit ranges from 2,500 to 7,000 RUB (≈$30–80), depending on the region and the physician's level of expertise.




6 AI integration opportunities

AI-based tools hold considerable promise for vitiligo care in Russia, though most remain unvalidated—particularly for the lighter Fitzpatrick skin types (I–III) that predominate across the country. One example is ScanDerm, an AI-assisted platform initially focused on cosmetic and skincare applications but now gradually exploring broader dermatological use cases (14). In 2023, Sechenov 1st Medical University and ScanDerm jointly launched an online service leveraging machine learning to analyze photographs of the skin, hair, and nails. It is designed to alert users to potential dermatologic abnormalities and direct them toward telemedicine or in-person evaluations. Though not vitiligo-specific and lacking formal clinical validation for such use, its image segmentation and texture analysis architecture could contribute to quantifying lesion involvement and tracking disease progression. Preliminary pilot data indicate a reduction of ~25% in unnecessary in-person dermatology visits among stable cases. Integrated within secure telehealth platforms (like SberHealth), such tools could potentially facilitate triage workflows in underserved regions.

Beyond staging and triage, future machine-learning models trained on local genomic and imaging datasets may help identify clinical or molecular predictors of treatment response, laying the groundwork for personalized therapy. Robust clinical calibration across diverse pigmentation profiles will be essential to ensure both diagnostic accuracy and equitable utility, before such tools can be widely adopted in routine vitiligo care.



7 Recommendations

- Establish a national vitiligo patient alliance under the Russian Society of Dermatovenereologists and Cosmetologists or other professional organizations.

- Update federal guidelines to include standardized psychosocial screening.

- Expand NB-UVB infrastructure through public–private partnerships in regions with >1 million population.

- Launch a government-funded national vitiligo registry with integrated AI capacity for image analytics and diagnostic assistance.

- Support domestic trials of Na-AAA and related immunomodulators to better define efficacy and indications.



8 Conclusion

Russia benefits from established academic dermatology traditions, the availability of underutilized therapies, and an emerging ecosystem of AI developers. Integrating these strengths within a structured interdisciplinary model—and empowering patients through a unified support network—can close current care gaps and improve long-term outcomes for people living with vitiligo. These insights may not only guide improvements in Russia but also inform strategies in other countries facing similar geographic and healthcare challenges.
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1 Introduction

Vitiligo is a chronic skin disorder characterized by the selective loss of melanocytes, resulting in the development of depigmented patches on the skin (1). Recent epidemiological studies estimate the global prevalence of vitiligo to be approximately 0.36–0.40%, with higher prevalence in adults than children, and notable geographical variation (2, 3). Although the past decade of research has established vitiligo as a disease of autoimmune origin, the underlying pathogenic mechanisms are not fully understood, and no definitive cure currently exists (4, 5). Furthermore, new areas of research, such as the relationship between the skin and gut microbiome, are emerging; however, the data remain inconclusive due to variability in methodologies and sample sizes (6). Despite advances in therapeutic approaches, vitiligo patients often suffer from delayed diagnosis due to a scarcity of dermatological resources and expertise (7, 8). Since many vitiligo therapies are most effective in the early stages of disease (9, 10), this diagnostic gap underscores the need for innovative solutions that can enhance the accuracy and accessibility of clinical care.

In recent years, technological innovations utilizing artificial intelligence (AI) and computer vision models have begun to reshape the dermatological landscape, offering the potential to enhance diagnostic precision and support clinical decision-making (11). These tools hold particular promise for vitiligo, where the monitoring of disease progression and treatment response has historically been difficult to standardize (12). Recently, Abdolahnejad et al. proposed an AI-driven mobile application that enables patients to remotely assess and track the progression of their vitiligo (13). While this approach is encouraging, it also invites questions about clinical utility, generalizability, and readiness for integration into routine care. It is also necessary to consider the broader clinical applications of vitiligo tools, such as their potential role in psychosocial support and holistic patient care (14, 15). In this opinion paper, we place this proof-of-concept study in the context of the broader technological landscape for vitiligo, discussing both emerging and established tools, and reflecting on their potential to improve clinical outcomes and access to care. Here, we define clinical utility to mean a demonstrated, measurable benefit to patient care or workflow (e.g., improved diagnostic agreement, reduced time-to-treatment, or more reliable VASI/T-VASI change detection). We define generalizability to mean stable performance across Fitzpatrick skin types I–VI, anatomic sites, capture contexts (clinic cameras and mobile), and across care settings (specialist, primary care, and teledermatology).



2 Existing vitiligo tools

Vitiligo is primarily diagnosed through clinical examination, based on the presence of white macules with or without depigmented hairs (leukotrichia) in affected areas of the skin (1, 16). Diagnosis can be supported by Wood's lamp examination, dermoscopy, punch biopsy, and molecular testing to rule out other causes of hypopigmentation (10, 17). The most common tool used to assess vitiligo is the Wood's lamp, which emits ultraviolet (UV) light at wavelengths between 320 and 400 nm, with a peak at 365 nm (10, 18). Under the Wood's lamp, vitiligo appears as bright bluish-white patches, often with sharp demarcations (18, 19). This enables clinicians to detect subtle depigmentation in fair-skinned individuals and identify spreading vitiligo that may not be visible in natural light (17, 18). Therefore, in addition to its diagnostic value, the Wood's lamp can also be used to non-invasively monitor active disease progression and repigmentation after treatment (17, 20).

Vitiligo assessment and monitoring can also be supported by other imaging modalities, including dermoscopy and reflectance confocal microscopy (RCM) (21, 22). Though less commonly used, RCM is primarily a diagnostic technique used to visualize the epidermis and superficial dermis at near-histological resolution (23). Although RCM can also support monitoring of disease activity and treatment response, its clinical use is limited by the need for specialized equipment and training (24–26). In contrast, dermoscopy provides clinicians with an illuminated, magnified view of the epidermis and papillary dermis, enabling visualization of abnormalities in the pigmentary network, as well as perifollicular and perilesional changes (27, 28). While some dermoscopic features used to differentiate stable from unstable vitiligo are inconsistently reported in the literature (27–30), a recent study has found that dermoscopy and Wood's lamp are equally helpful, with dermoscopy demonstrating a slightly higher agreement with clinical assessments (31). However, both methods only demonstrate fair agreement (κ = 0.33 for Wood's lamp and κ = 0.40 for dermoscopy) with clinical evaluations (31). Therefore, correlating dermoscopic findings with other tools may improve diagnostic accuracy and clinical confidence (21, 22).

Traditionally, vitiligo progression and treatment response are evaluated by combining photographic documentation with clinical scoring systems (10, 17). Common systems that assess the size and extent of depigmentation include the Vitiligo Area Scoring Index (VASI), its facial (F-VASI) and total body (T-VASI) variants (32–34), the Vitiligo European Task Force assessment (VETFa) (35), and the Vitiligo Extent Score (VES) (36, 37). Although these systems are validated and generally considered reliable, they are inherently subjective and susceptible to inter-observer variability (17, 35, 38). Proper assessment can also be time-consuming in clinical practice, and dependent on the expertise of the assessor (17). Therefore, effective vitiligo management is contingent on access to clinicians with the tools and expertise to monitor the condition.



3 Artificial intelligence and vitiligo

In practice, the diagnosis and treatment of vitiligo are often limited by healthcare system constraints, cost barriers, and a shortage of specialists (7, 39). As a result, there is a growing need for data-driven technologies that can provide accurate and objective assessments for vitiligo patients. These innovations are especially important for advancing equitable care in geographically remote or underserved populations.

To address these challenges, many researchers have begun exploring artificial intelligence as a means of supporting vitiligo diagnosis and monitoring. Although machine learning and artificial intelligence have only recently gained widespread prominence, predictive artificial neural network (ANN) models for vitiligo were described as early as 2009 (40). Over the past decade, deep learning models, such as convolutional neural networks (CNNs), have become central to many high-performing dermatological AI systems (41–44). These multi-layered systems are trained on large datasets of labeled images, and can automatically extract key hierarchical features to make predictions (42, 45).

The architecture of a CNN determines how its layers are arranged and connected, and it plays a critical role in how a model processes images and generates outputs (45, 46). In the context of vitiligo, deep learning models are typically designed to either identify vitiligo (classification) or measure and quantify depigmentation (segmentation). Depending on the task, modern CNN models often adopt architectures from the ResNet, DenseNet, EfficientNet, YOLO, Inception, and U-Net families (43, 45, 46). These model families are most clinically useful when mapped to: (i) differential diagnosis (vitiligo vs. mimickers such as pityriasis alba or tinea versicolor), and (ii) burden quantification to complement VASI/T-VASI for treatment decisions. Segmentation models directly support serial burden tracking and re-pigmentation analysis, while detection models help standardize photography by localizing lesions and proposing consistent fields of view for follow-up.

For classification tasks, ResNet (42, 47), DenseNet (42, 48), EfficientNet (13, 47), and Inception (49, 50) architectures have been successfully applied by various groups to distinguish vitiligo from other skin conditions and/or healthy skin. These architectures are typically responsible for feature extraction and serve as the backbone of a CNN model. In contrast, architectures such as U-Net (51), PSPNet (52), and fully convolutional neural networks (FCNNs) (53) have been used to perform segmentation tasks for vitiligo lesions. Traditional machine learning algorithms, including K-means clustering, have also been used in combination with deep learning systems for vitiligo segmentation (13, 54). Practically, backbones support diagnosis vs. mimickers, segmentation nets support extent/re-pigmentation tracking, and detection models support standardized image capture for longitudinal care.

Architectures in the You Only Look Once (YOLO) family are object detection frameworks that can be adapted for vitiligo lesion classification and localization (52). Instead of performing classification on entire images, YOLO models can be trained to rapidly detect and draw bounding boxes around skin lesions (55). In 2023, Guo et al. proposed a hybrid deep learning model for vitiligo that integrated the YOLO v3 architecture for lesion detection and a U-Net++ architecture for segmentation (52). This system achieved a lesion detection sensitivity of 92.91% and a segmentation Jaccard index of 0.79 (52). Clinically, fast lesion localization can improve site selection for phototherapy and enable consistent recapture of vitiligo lesions across visits.

While CNN-based systems remain the foundation of most current models, recent advances in transformer-based architectures suggest new possibilities for even greater performance and generalizability (56, 57). Transformers are deep learning architectures that use self-attention mechanisms to model complex relationships within input data (57). In 2024, Zhong et al. demonstrated that shifted window (Swin) transformers outperformed CNN ResNet models in the classification of vitiligo, with top accuracies of 93.82% vs. 89.26% (58). For clinicians, these systems may translate into improved early change detection (e.g., perifollicular repigmentation) and potential “second-reader” support in uncertain cases.

Overall, deep learning systems reported in the literature consistently demonstrate strong performance, with classification accuracies ranging from 66% to 97% (47, 50) and segmentation accuracies between 93% and 97% (54, 59). Notably, the model developed by Liu et al., which reported the lowest classification accuracy (66%), was found to be non-inferior to dermatologists and outperformed both primary care physicians and nurse practitioners in diagnostic accuracy (50). These direct comparisons with healthcare professionals underscore the clinical relevance of deep learning systems for vitiligo assessment and highlight their potential to enhance the accessibility and consistency of vitiligo care.



4 AI applications for vitiligo patients

Although research into dermatological AI is rapidly advancing, few models have successfully translated into practical clinical or patient-facing applications (Table 1). This slow adoption is largely due to valid concerns around data privacy, trust, regulatory hurdles, and the need for robust external validation (60, 61). In practice, patient-facing tools can support self-monitoring, enable teledermatology triaging, and offer standardized photography to improve the reliability of detecting changes. While some mobile applications allow users to upload images and manually track their vitiligo, there are currently no widely adopted tools that leverage AI to quantitatively monitor disease progression.

TABLE 1  Landscape of vitiligo applications.


	Name
	Purpose
	AI features?
	User feedback?
	Patient support tools?
	Available?





	Vitiligo diagnostic assistance (Vi-DA) (62)
	Vitiligo lesion segmentation
	√
	√
	
	

 
	MiDerm (65)
	Informational, behavioral, and peer support for patients
	
	√
	√
	

 
	Skinopathy vitiligo (13)
	Vitiligo lesion segmentation and tracking
	√
	
	
	√






One of the earliest patient-facing tools described in the literature is Vitiligo Diagnostic Assistance (Vi-DA), a prototype Android application introduced by Nugraha et al. in 2018 (62). Vi-DA was developed using traditional image processing algorithms and unsupervised machine learning for the segmentation of vitiligo lesions. The segmentation algorithm employed Fuzzy C-Means (FCM) clustering and yielded similar results to alternative segmentation models (62). However, formal performance metrics were not reported, and evaluations were limited to qualitative comparisons with images captured under normal lighting. Notably, the authors also assessed the usability of Vi-DA with vitiligo patients, who expressed generally positive feedback, but concerns about long processing times (62). Despite this early exploration, the Vi-DA application remained at the prototype stage and was never released for public use.

More recently, Abdolahnejad et al. introduced a proof-of-concept mobile application that applies deep learning techniques to detect and monitor vitiligo (13). The AI system is embedded in a mobile interface and performs classification, segmentation, and colorimetric analysis on user-submitted images. Vitiligo detection is carried out by a CNN based on the EfficientNet-B7 architecture, which achieved a reported accuracy of 95.0% (13). Following lesion identification, segmentation is performed using K-means clustering and Boundary Attention Mapping (BAM), a technique that utilizes activation maps from the CNN to refine lesion boundaries (13, 63). The system also performs colorimetric analysis on segmented regions by extracting pixel-level color data, providing users with an assessment of vitiligo severity and depigmentation. While quantitative performance metrics for segmentation and colorimetry were not reported, qualitative comparisons between AI segmentations and images taken under the Wood's lamp demonstrated close visual alignment (13).

Despite promising technical results, further large-scale clinical validation studies are needed to evaluate the generalizability of these deep learning systems. These studies can offer valuable insights into the performance of AI models across diverse patient populations, skin tones, and lighting conditions (64). As interest in AI-based tools for vitiligo continues to grow, future work should address both technical improvements and broader considerations for clinical adoption. Implementation strategies and mechanisms for clinician oversight will also be essential to support the safe and effective use of AI tools in real-world settings.

While AI-based vitiligo applications primarily focus on clinically relevant features, it is equally important to recognize the value of holistic digital tools that support patients beyond the clinic. One proposed tool is MiDerm, which is an application that provides education, self-management resources, and peer support for patients living with different skin conditions, including vitiligo (65). Although the application is currently under development, preliminary qualitative studies have highlighted the significant psychological burden associated with vitiligo and the unmet need for additional support (65). By targeting aspects of quality of life that extend beyond physical symptoms, these tools highlight the value of integrating medical and psychosocial support into digital platforms. Therefore, the most impactful patient-facing applications for vitiligo will combine clinically useful AI functionalities with holistic support features, offering a comprehensive approach to disease management.



5 Recommendations for future applications

Although promising AI tools for vitiligo are emerging, few have undergone the rigorous development, validation, and integration necessary for widespread clinical adoption. To ensure that these technologies can effectively support patient care and meet the standards of clinical practice, future efforts should prioritize strategies that address the needs and concerns of both clinicians and patients. The following recommendations highlight key considerations that may help guide the development of future vitiligo AI applications.

	I. Clinical validation: large-scale clinical studies are essential to evaluate the effectiveness of AI applications in routine practice. Performance should be assessed not only in comparison to dermatologists but also across different care settings and patient demographics. Utility should be reported by task-specific endpoints (e.g., ΔVASI minimal detectable change, triage accuracy vs. dermatologist, and time-to-treatment) and generalizability should be demonstrated through pre-specified analyses across various Fitzpatrick skin types (I–VI), devices, lighting conditions, and anatomic sites. The inclusion of outcome metrics such as diagnostic accuracy, user adherence, and patient-reported satisfaction will improve credibility and clinical relevance.
	II. Ethical considerations and data security: applications should adhere to stringent data protection protocols and explicitly address ethical concerns. This includes compliance with local privacy regulations, as well as transparent policies on data ownership and informed consent.
	III. Scalability and integration: for clinical adoption, the application should integrate into the existing digital health infrastructure. This may include compatibility with electronic medical record (EMR) systems, interoperability with clinical workflows, and support for remote care models. Practical guidance for real-world implementation should be considered early in the development process. These would include device/lighting robustness checks, guidance for image quality controls, and EMR/teledermatology integration hooks (e.g., Fast Healthcare Interoperability Resources (FHIR) data formatting standards and VASI fields) to ensure performance transfers from research to practice.
	IV. User-centered design: applications should prioritize patient usability through iterative user testing, intuitive design, and accessibility features. Incorporating structured feedback from diverse patient populations will improve engagement, adherence, and trust in the system. The evaluation of interface design alongside clinical performance is critical for real-world adoption.



6 Limitations and future directions

While AI holds significant promise for the future of dermatological care, it is essential to acknowledge the limitations of machine learning models. Data availability is the most obvious obstacle. Deep learning systems are highly dependent on the quality and diversity of the data they are trained on. However, many research groups rely on relatively small, homogenous datasets that do not reflect the broad spectrum of real-world patients. To address this gap, the Diverse Dermatology Images (DDI) dataset was created in 2022 to provide researchers with a publicly available, curated dataset with diverse skin tones (64). When three state-of-the-art dermatology models were tested on the DDI dataset, performance declined significantly—ROC-AUC scores dropped from ranges of 0.88–0.94 to 0.56–0.67 (64). Furthermore, in the context of vitiligo, even commonly used clinical tools such as the Wood's lamp have been reported to produce false-negative results in darker skin tones (12). Therefore, both the diversity of training datasets and the clinical benchmarks used for evaluation must be carefully considered during model development. Future studies should prioritize endpoints that reflect clinical utility and include stratified analyses that demonstrate generalizability across skin tones and image capture conditions.

It is also important to recognize the technical limitations of image-based detection and segmentation systems. As with clinical photography, standardized image capture procedures are essential for accurate tracking of vitiligo by machine learning models. Controlling factors such as lighting, positioning, and background contrast enable both clinicians and AI models to collect comparable images over time (66). The two-dimensional nature of images presents additional challenges, as AI systems often struggle to assess lesions on curved or complex anatomical surfaces (67). Natural artifacts, such as hair or shadows, can further interfere with model performance (67). However, emerging solutions, such as 3D imaging, image preprocessing techniques, and calibration tools, may help address these limitations (67, 68).

Ultimately, the advancement of AI for vitiligo will depend not only on technological improvements but also on ethical and inclusive implementation. Future models should be trained on large and diverse datasets that reflect variations in skin tone, age, and anatomical location. The inclusion of quality-of-life measures in patient-facing applications can also support a more holistic approach to vitiligo care. When designed with clinical and patient-centered perspectives in mind, AI has the potential to enhance diagnosis, support early intervention, and promote equitable care for individuals living with vitiligo. Realizing this potential will require close collaboration between researchers, clinicians, patients, and policymakers to ensure that AI tools are accurate, accessible, and trustworthy.
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Background: Vitiligo is a chronic autoimmune disorder with profound psychosocial implications.
Methods: The paper propose a multimodal artificial intelligence (AI) framework that combines and integrates YOLOv11 for the detection of dermatological lesion and a BERT-based sentiment classifier for the monitoring of mental health, supported by questionnaire data sets (DLQI, RSE).
Results: YOLOv11 achieved mAP = 98.8%, precision = 95.6%, recall = 97.0%; the mental health module uses a BERT-based sentiment classifier, fine-tuned in the GoEmotions corpus, reaching F1 = 0.83. A simulated fusion score that integrates the Dermatology Life Quality Index (DLQI) and Rosenberg Self-Esteem (RSE) scores, resulting in an area under the ROC curve (AUC) of 0.82 for the identification of high-risk patients.
Conclusion: The implemented prototype establishes the feasibility of AI-assisted psychodermatology, allowing early diagnosis, emotional monitoring, and real-time alerting by physicians.

Keywords
vitiligo, autoimmune disorder, YOLOv11, artificial intelligence, sentiment analysis, mental health monitoring, psychodermatology, personalized medicine


1 Introduction

Vitiligo is a chronic autoimmune dermatological disorder (1) characterized by depigmentation of the skin, affecting millions globally. It has been empirically demonstrated to substantially impact life quality by elucidating latent factors in the quality of life experienced by individuals with vitiligo (2). An in-depth study (3) presents a comprehensive analysis of life quality of patients with vitiligo in Romania. Though not life-threatening, its conspicuous manifestation frequently results in pronounced psychological and social challenges, such as stigma, diminished self-esteem, and an increased propensity for anxiety and depression (4). Fekete et al. (5) presents an extensive investigation into the latent factors affecting patients with vitiligo. Current therapeutic approaches to vitiligo primarily focus on addressing physical manifestations, with minimal incorporation of Artificial Intelligence (AI) methodologies to alleviate the psychological burden (1), thereby creating a notable deficiency in holistic patient care. Computer vision technologies, utilizing algorithms such as YOLO, have showcased remarkable proficiency in medical imaging (6), facilitating swift and precise detection of diverse conditions. This work uniquely integrates dermatological image analysis with sentiment-aware monitoring, addressing the dual physical and psychosocial burden of vitiligo in a single AI framework. This paper advocates for an integrated framework that amalgamates dermatological computer vision with sentiment-aware patient monitoring. Concurrently, advancements in natural language processing (NLP) have generated new avenues for the understanding and assessment of human emotions via sentiment analysis (7). In spite of these developments, the deployment of AI in addressing conditions such as vitiligo, which necessitate a multidimensional approach to encompass both physical and mental health (8), remains insufficiently explored.

This research endeavors to address this deficiency by introducing an AI-powered framework (see Figure 1) that integrates the diagnostic capabilities of YOLO, specifically the latest version YOLOv11 employed in our experiments, for Vitiligo detection, with sentiment analysis to monitor and support the mental health of affected individuals (8). The proposed system capitalizes on real-time diagnostic capabilities to efficiently identify Vitiligo while employing sentiment analysis, derived from text messages (9) or speech-to-text data, to evaluate emotional wellbeing. By addressing both dermatological and psychological aspects, this research underscores a patient-centered and holistic approach to care. The implications of this work extend beyond Vitiligo, illustrating how AI can be leveraged to tackle complex multidimensional health challenges. Beyond advancing clinical practice, this study provides a model for integrating computer vision and NLP technologies into scalable, accessible health information technology (IT) solutions (10). Such innovations align with global healthcare trends, fostering equity, efficiency, and personalized care. This paper delineates the methodology, potential applications, and broader impacts of this integrated framework, thereby establishing a foundation for future research in AI-assisted holistic healthcare.


[image: Flowchart illustrating an adaptive treatment adjustment process involving data from video records, test recordings, questionnaires, and other sources; data is analyzed and stored, leading to model-driven treatment adjustments and predictive analytics.]
FIGURE 1
 Proposed multimodal AI framework integrating YOLOv11-based skin image classification with DistilBERT-based sentiment analysis.



Main contributions

	• A YOLOv11-based pipeline for accurate vitiligo lesion detection.
	• A BERT-based sentiment classifier aligned with patient questionnaire data.
	• A multimodal integration strategy fusing dermatological and psychological indicators.
	• An alert mechanism validated on DLQI and RSE data (AUC = 0.82).



1.1 Vitiligo influence on mental health

While not physically detrimental, the condition significantly impacts quality of life (2) and imposes a considerable psychosocial burden (1), frequently leading to diminished self-esteem (5), anxiety, depression (4), and social isolation. The conspicuous nature of Vitiligo renders it a highly stigmatizing ailment, disproportionately affecting individuals in societies where appearance is intrinsically linked to social perceptions and personal confidence. Presently, Vitiligo diagnosis predominantly depends on clinical judgment, contingent upon dermatological expertise or the implementation of specialized devices such as the Wood's lamp. However, accessibility to these resources in underdeveloped and remote regions remains limited, consequently delaying both diagnosis and treatment. Furthermore, although the physical symptoms of Vitiligo are managed through interventions like topical therapies, phototherapy, or depigmentation, the psychological effects are frequently overlooked in standard care pathways (11). This paper is of critical significance as it presents an innovative AI-driven method to Vitiligo management, addressing both diagnostic and psychosocial requirements. By utilizing the YOLO algorithm for swift and precise Vitiligo detection (6) and incorporating sentiment analysis (7) to assess patients' mental health (8) through text or speech-to-text data, this framework offers a comprehensive solution. This dual-focus system not only enhances diagnostic efficiency and accessibility but also provides essential support for patients' mental wellbeing, cultivating a holistic care model. The significance of this study lies in its potential to transform Vitiligo treatment by integrating advanced AI technologies within a scalable, patient-oriented framework (12). This approach not only augments early detection and treatment outcomes but also alleviates the frequently neglected psychological effects of Vitiligo, thereby improving the quality of life for patients globally (13). The ensuing table (see Table 1) illustrates the comparison between existing solutions and AI-assisted methodologies for Vitiligo diagnosis and mental health monitoring.

TABLE 1 Evaluation of current solutions and AI-powered techniques for the diagnosis of vitiligo and monitoring of mental health (8).


	Aspect
	Existing solutions
	AI-assisted approaches





	Vitiligo diagnosis
	(1) Clinical observation by dermatologists, (2) use of tools like Wood's lamp or dermatoscopy, (3) limited access in rural or resource-poor settings.
	(1) Automated detection using YOLO (6) or similar computer vision algorithms, (2) high-speed, accurate, and scalable, (3) accessible via mobile or cloud-based platforms.

 
	Accuracy and speed
	(1) Subject to variability in clinical expertise, (2) time-intensive, especially for large or complex cases.
	(1) High diagnostic accuracy due to advanced AI models, (2) real-time or near-real-time results.

 
	Psychological support
	(1) Rarely integrated with dermatological care, (2) requires separate mental health services.
	(1) Integrated sentiment analysis from text or speech-to-text data, (2) real-time monitoring of emotional wellbeing.

 
	Accessibility and cost
	(1) Expensive tools and expert consultations, (2) limited availability in underserved areas.
	(1) Cost-effective and deployable in remote areas using AI-driven mobile apps, (2) scalable for large populations.

 
	Patient-centered care
	(1) Fragmented care addressing physical symptoms only.
	(1) Holistic care addressing both physical and mental health aspects (8), (2) personalized feedback and support.

 
	Scalability
	(1) Limited by the availability of specialists and (7) resources.
	(1) Scalable to a global population through cloud-based AI solutions.



	Innovation potential
	(1) Traditional approaches with limited scope for further development.
	(2) Cutting-edge integration of computer vision and NLP for comprehensive care.





The comparison (refer to Table 1) elucidates how AI-assisted methodologies substantially augment diagnostic efficiency, accessibility, and holistic care relative to current methodologies, signifying a pivotal transformation in the management of conditions such as Vitiligo and the mental health challenges associated with it (14). AI-based approaches furnish a transformative alternative to gold standard methods (refer to Table 2) by improving accessibility, cost-effectiveness, and holistic care delivery (15). While gold standard practices remain highly accurate and are entrenched within clinical practice, AI-based systems offer a scalable, continuous, and integrated framework that is adept for diverse populations and settings. The amalgamation of these strengths fosters the development of more equitable and efficacious healthcare solutions (16).

TABLE 2 Comparison between gold standard and AI-based approaches for vitiligo diagnosis and mental health monitoring (8).


	Aspect
	Gold standard approach
	AI-based approach





	Vitiligo diagnosis
	Clinical diagnosis by dermatologists or use of tools like Wood's lamp; dependent on expertise and specialized equipment.
	Automated, real-time detection using YOLO algorithm based on medical images; accessible with standard cameras.

 
	Diagnostic speed
	Time-consuming, with delays due to limited specialist availability.
	Provides instant diagnosis with high speed and efficiency.

 
	Accessibility
	Restricted to dermatology clinics and hospitals.
	Usable in remote and low-resource settings, enhancing accessibility.

 
	Mental health monitoring
	Based on periodic consultations and self-reports; requires trained psychologists.
	Continuous sentiment analysis using text or speech-to-text data, reducing dependence on specialists.

 
	Personalization
	Generic care pathways with limited tailoring to individual needs.
	Enables personalized care through AI-driven analysis of patient-specific data.

 
	Cost effectiveness
	High costs due to specialized personnel and equipment requirements.
	More cost-effective through scalable AI tools and automation.

 
	Data integration
	Limited integration between physical and mental health data.
	Unified system linking dermatological and psychological insights for holistic care.

 
	Scalability
	Limited by reliance on human resources and infrastructure.
	Easily scalable for large populations with minimal hardware requirements.



	Impact on outcomes
	Focuses primarily on physical symptoms, with psychological aspects often overlooked.
	Enhances overall wellbeing by addressing both physical and emotional dimensions.








2 Novelties of the approach

Unlike previous studies that treat dermatological imaging and mental health as disjoint domains, we unify these via a shared AI pipeline. This cross-domain integration of object detection and emotional modeling for chronic dermatological conditions is, to our knowledge, novel in the literature. The established short-term outcomes of this paper include: a complex methodology that is AI-supported and specific to the different domains designed to improve diagnostic speed and precision, increased accessibility and improved awareness of mental health. The long-term outcomes are defined as follows: holistic patient care, AI-standardized diagnostics, global scalability, and the achievement of reduced stigmatization (17). By combining cutting-edge AI tools for the management of physical and mental health (8), this research not only transforms Vitiligo care, but also sets a new standard for addressing conditions with complex psychosocial dimensions as follows: (1) Equity in care aspect (18): by eliminating the dependency on specialized equipment and expertise, dermatological care becomes universally accessible through the democratization of AI; (2) Personalization aspect (19): the dual focus system adapts to individual needs, setting a precedent for personalized care in dermatology; (3) Innovation in healthcare delivery aspect (20): the presented method changes dermatology from reactive treatment to proactive integrated care, redefining the patient experience.


2.1 AI algorithm for vitiligo identification

The implementation of the YOLO algorithm constitutes a significant advancement in dermatological diagnostics. Principal innovations include: (1) YOLO facilitates near real-time identification of Vitiligo in images (6), thereby substantially decreasing the time necessary for diagnosis; (2) the model demonstrates exceptional proficiency in detecting even the most subtle pigmentation variations, ensuring precise outcomes; (3) its lightweight structure permits deployment on mobile devices, thereby rendering advanced diagnostic capabilities accessible in resource-limited contexts; (4) it obviates the reliance on clinical expertise for preliminary screening, thus enhancing access to dermatological care.



2.2 Sentiment analysis for mental health monitoring

Sentiment analysis algorithms employed to evaluate emotional wellbeing (7) in Vitiligo patients exhibit innovative features, including: (1) the ability of algorithms to interpret text messages (9) and convert speech-to-text data, thereby providing a versatile approach to assess emotional states; (2) the capacity for continuous assessment which facilitates the early identification of psychological distress, allowing for prompt intervention; (3) the adaptation of AI models to individual communication patterns, which enables personalized mental health support; (4) the integration of a care line that successfully bridges the divide between physical and psychological healthcare (21), addressing both domains within a unified system.




3 Why YOLO is the most appropiate for vitiligo detection?

YOLO demonstrates a superior performance in terms of speed, accuracy, and ease of deployment compared to other state-of-the-art techniques such as Region-Based Convolutional Neural Network (R-CNN), Fast R-CNN, Faster R-CNN, Single Shot Multibox Detector (SSD), RetinaNet, and CenterNet. This superiority establishes YOLO as the most suitable tool for detecting Vitiligo within a modern, AI-enhanced healthcare framework. Key considerations include (22): (1) YOLO processes images in a single instance, rendering it particularly apt for the rapid and real-time identification of Vitiligo, a critical requirement in both clinical and telemedicine contexts; (2) its advanced bounding box regression and feature extraction capabilities enhance its accuracy in identifying irregular or small Vitiligo patches, even under challenging lighting conditions; (3) the lightweight architecture of YOLO enables efficient operation on mobile devices, thereby extending advanced dermatological diagnostics to remote or underserved locations; (4) in contrast to conventional techniques traditionally utilized in dermatology, YOLO effectively manages a variety of skin tones, varying lesion shapes, and differing image qualities, thereby accommodating the diversity present in real-world conditions; (5) the full automation of YOLO eliminates the need for manual intervention, consequently reducing human error and promoting consistent diagnostics; (6) YOLO's framework can be effortlessly modified to incorporate additional diagnostic features or conditions, thereby enhancing its long-term applicability in dermatology.



4 Objectives

The principal objectives are articulated as follows: (1) to develop an AI-based system for the detection and monitoring of Vitiligo and its associated mental health aspects (8); (2) to employ the YOLO algorithm in the creation of a robust, real-time diagnostic tool that can detect Vitiligo with high precision and sensitivity; (3) to incorporate mental health monitoring through sentiment analysis (7); (4) to design an AI-driven framework for the continuous assessment of mental health in Vitiligo patients utilizing sentiment analysis derived from text messages (9) and speech-to-text data. This research endeavor aims not only to bring innovation to the fields of dermatology and artificial intelligence but also to redefine the standard of care for conditions wherein physical and mental health dimensions are intertwined. In alignment with these aims, secondary objectives have also been delineated: (1) to ensure accessibility and scalability; (2) to integrate physical diagnosis with psychological monitoring to create a patient-centered care model that addresses the dual burden of Vitiligo; (3) to enhance diagnostic efficiency; (4) to develop a scalable and adaptable AI framework that can be extended to other dermatological conditions or diseases with significant psychosocial impacts (9); and (5) to lay the groundwork for future research trajectories related to AI-supported Vitiligo.



5 Materials and methods


5.1 Data

A manual data collection study in Targu Mures, Romania, between March 2021 and March 2022 used three main devices (23): (1) the Vitiligo Questionnaire collects demographic, clinical, and psychosocial data from three cohorts of patients (Group 1: 18–40 years, Group 2: 41–60 years, and Group 3: 61+ years) to better understand the progression of the disease and psychosocial aspects. (2) Rosenberg Self-Esteem Scale (RSE): Assesses self-esteem levels, providing valuable information on patient psychological wellbeing across various diseases. (3) Dermatology Life Quality Index (DLQI) (2): Examines the quality of life of patients with vitiligo from social, emotional, and functional perspectives. According to the Vitiligo Questionnaire, patient groups were categorized as follows: Group 1 (18–40 years) includes younger patients with rapid progression, Group 2 (41–60 years) includes midlife individuals with gradual progression, and Group 3 (61+ years) includes older patients with greater depigmentation and comorbidities. The key variables were age, disease onset, intensity of depigmentation, familial history, visibility of lesions, and psychosocial factors such as marital and work status. In the Self-Esteem Analysis (RSE), the Rosenberg 10-item Self-Esteem Scale was used to measure self-esteem, with higher scores indicating lower self-esteem. The younger groups of patients had stronger self-esteem, but the older groups struggled with disease visibility, comorbidities, and social isolation. The psychological burden of visible lesions was highlighted, especially in early-onset and younger patients. The Quality of Life Assessment (DLQI) analyzed how vitiligo affects emotional wellbeing, social interactions, work/study disruptions, and treatment problems. Impact was measured by total scores (0–30), with higher scores increasing disability. Younger patients had higher emotional distress, while older patients struggled with comorbidity management and adherence to treatment, according to the DLQI. The methodological strengths of the hand-obtained data set include: (1) Multifaceted Approach: The study provides a complete picture of the impact of vitiligo using demographic, psychological, and quality of life measurements. (2) Comparative analysis: The groups of patients are segmented by age for nuanced evaluations in the phases of development of the disease and demographics. Using validated tools such as RSE and DLQI ensures the reliability, validity, and relevance of the findings.

The YOLOv11 experiments used a publicly available dataset that dermatologists dual validated. The dataset consists of 3,959 photos, separated into three subsets: 2,801 (71%), 772 (19%), and 386 (10%). The images were scaled to 640 × 640 and auto-oriented during preparation. Two classes were created: 2,090 photographs and 1,869 images. The median resolution of the data set of 640 × 640 and the average image size of 0.41 megapixels ensure computational efficiency during training.



5.2 Image-based detection using YOLOv11

We used YOLOv11 to classify images from the VIT-SKIN dataset. Data enhancements included simulation of lesion inpainting. Weighted focal loss was used:

Lfocal=-αt(1-pt)γlog(pt)      (1)
 

5.3 Sentiment classification using DistilBERT

We fine-tuned DistilBERT with batch size 32, learning rate 2e−5 for 3 epochs using Adam optimizer. Early stopping was applied to prevent overfitting. We trained a DistilBERT model on the GoEmotions dataset (58k samples, 28 emotion labels). Text feedback or speech-to-text transcriptions were tokenized and classified. Summary of Vitiligo questionnaire analysis by age group:

Semo,week=1n∑i=1nEmotion(Ti)      (2)

The sentiment classifier was trained and validated on the GoEmotions dataset (58k labeled utterances). Performance was measured using Precision, F1-score, and Recall (see Table 3), yielding an F1-score between 0.81 and 0.84. Although limited patient-specific data was yet available, this external validation demonstrates feasibility and provides a baseline for future clinical deployment.

TABLE 3 Sentiment classifier performance.


	Class
	Precision
	Recall
	F1 Score





	Positive
	0.85
	0.84
	0.84

 
	Negative
	0.80
	0.81
	0.81



	Neutral
	0.83
	0.84
	0.83







5.4 Multimodal integration and alert policy

The final system fuses image severity Sskin and emotional decline Semo:

Alertt={1if Sskin,t>0.7∧Semo,t<−0.40otherwise      (3)
 

5.5 Clinical integration of DLQI and RSE scores

We collect DLQI and RSE scores from patients and use these to modulate the alert threshold.

θ2=θ20-λ1·DLQInorm-λ2·RSEnorm      (4)

This increases sensitivity for vulnerable patients.



5.6 Sentiment analysis pipeline

We implemented a sentiment analysis module using a fine-tuned BERT-based classifier (DistilBERT), trained on the [GoEmotions dataset], which contains over 58k English examples labeled with 27 emotions plus neutrality. The textual feedback of each patient (collected through a self-report or transcribed speech) was segmented into sentences, tokenized using the Hugging Face Transformers library, and classified into emotional states (e.g., “hopeful,” “frustrated,” “acceptance”). A sentiment score Si∈[−1, 1] was assigned per utterance, averaged over a 7-day period to monitor emotional trends.

Sweek=1n∑i=1nSentiment(Ti)      (5)
 

5.7 NLP dataset and model implementation

We trained a DistilBERT-based sentiment classifier on the GoEmotions dataset (58k labeled utterances, 28 emotions) using PyTorch Lightning. The model achieved an F1 score of 0.83 on the test set and was used to classify patient text messages and speech-to-text transcripts.

ŷi=softmax(Whi+b)      (6)

where hi is the embedding of the i-th sentence, W is the classification head weight and ŷi is the predicted emotion vector.Note: The sentiment classifier was evaluated on the GoEmotions dataset to estimate its clinical applicability, as real patient text was not yet available. Future versions will integrate patient-reported messages collected via in-app prompts.



5.8 Experimental environment

The experiments were carried out within the Google Colab Pro Environment utilizing Python-based notebooks. The libraries employed included scikit-learn, numpy, pandas, roboflow, super-gradients, supervision, onemetric, ultralytics, and opencv. Specifically, the YOLOv11 trials took place in the Roboflow environment.



5.9 YOLO-based Vitiligo detection formula

The YOLO algorithm is a state-of-the-art object detection framework (24) that detects Vitiligo by treating detection as a single regression problem. YOLO predicts the bounding boxes and the probabilities of the classes directly from an input image in a single forward pass of the network (6). The key steps and formulas are as follows: the input image is resized to a fixed dimension and divided into a S×S grid. Each cell in the grid is responsible for detecting objects whose centers fall within the cell. Each cell of the grid predicts bounding boxes B, where each box is described by:

(x,y,w,h,Confidence)      (7)

where (x, y) are the coordinates of the center of the box relative to the grid cell; (w, h) are the width and height of the box relative to the entire image; and confidence score is defined as:

Confidence=Pobj·IOUpredtruth      (8)

where Pobj is the probability that an object is present in the grid cell; the IOUpredtruth is the intersection of Union between the predicted and ground truth boxes. In class prediction, each grid cell predicts the C conditional class probabilities:

P(classi|obj)      (9)

For Vitiligo detection, a binary classification is used (C = 2), with classes such as “Vitiligo” and “normal skin.” The output for each grid cell combines the predictions of the boundary box, confidence scores, and class probabilities:

P(classi)=P(obj)·P(classi|obj)      (10)

YOLO optimizes the network using a multi-part loss function that balances localization, confidence, and classification errors:

	1. Localization loss:

λcoord∑i=0S2∑j=0B⊮ijobj[(xi-x^i)2+(yi-ŷi)2+(wi-ŵi)2+(hi-ĥi)2]      (11)

	2. Confidence loss:

∑i=0S2∑j=0B⊮ijobj(Ci-Ĉi)2+λnoobj∑i=0S2∑j=0B⊮ijnoobj(Ci-Ĉi)2      (12)

	3. Classification loss:

∑i=0S2⊮iobj∑c∈classes(P(classi)-P^(classi))2      (13)

During the post-processing stage, Non-Maximum Suppression (NMS) is utilized to eliminate superfluous bounding boxes, such as those frequently overlapping and predicted by an object detection algorithm to denote the same object, ultimately producing the definitive detected Vitiligo regions, complete with associated confidence scores and class labels (25).



5.10 Vitiligo detection

The YOLO-based framework is particularly suited for the detection of Vitiligo due to its speed, accuracy, and adaptability. The application process involves training, optimization, and deployment steps designed to enhance real-world performance (26). The most important steps in the training process are as follows: (1) Dataset: the YOLO model is trained using a data set composed of annotated images showing skin with and without Vitiligo. The data set should represent various conditions such as variations in skin tone, lighting, and lesion shapes; (2) Data augmentation: to enhance the model's robustness under real-world conditions, various data augmentation strategies are implemented. These include operations such as flipping or mirroring, rotation, adjusting contrast, and also include scaling and cropping; (3) Hyperparameter tuning: critical parameters are optimized to maximize detection accuracy with: (1) S: grid size for dividing the input image; (2) B: number of bounding boxes per grid cell; (3) λcoord, λnoobj: weighting factors in the YOLO loss function to balance localization and confidence penalties. From the Inference and deployment perspective, the trained YOLO model is deployed on mobile or edge devices, allowing real-time detection of Vitiligo. This deployment strategy provides: (1) Early diagnosis: facilitates prompt identification of Vitiligo, allowing timely treatment; (2) continuous monitoring: enables frequent monitoring of disease progression without requiring repeated clinic visits; (3) accessibility: brings advanced diagnostic capabilities to low-resource and remote settings via mobile applications or cloud platforms. As an impact, the proposed YOLO-based framework offers a fast, accurate, and accessible solution for Vitiligo detection, making it particularly impactful in dermatological practice and telemedicine applications (27). By addressing both diagnostic and accessibility challenges, it improves standard of care and supports early intervention strategies.



5.11 Vitiligo-specific augmentation strategy

In addition to standard data enhancements (flipping, rotation, and contrast), we introduced a domain-specific lesion-inpainting enhancement, simulating common vitiligo patterns by blending segment masks into healthy images. This increased minority-class representation and improved generalization.

YOLOv11 training was adapted using weighted focal loss:

Lfocal=-αt(1-pt)γlog(pt)      (14)

where γ = 2 and αt were dynamically tuned to correct for class imbalance.



5.12 Sentiment analysis for monitoring and controlling phases of vitiligo

Sentiment analysis plays a critical role in monitoring the mental health (8) of Vitiligo patients during the phases of disease management. By analyzing periodic textual feedback, we can identify emotional triggers, detect deteriorating mental health trends (9), and generate alerts for physicians to intervene promptly. At the Input text collection , patients provide periodic feedback, typically answering questions like: “How do you feel about your condition today?” or “Are you experiencing any emotional challenges related to Vitiligo?” At the Text preprocessing phase, the collected raw text is processed to prepare it for sentiment analysis by using the following methods: (1) Tokenization, where is managed the splitting text into words or phrases; (2) Text normalization, to convert text to lowercase, removing punctuation, and handling typos; (3) stopword removal to eliminate common words (e.g., “and,” “the”) that do not contribute to the sentiment; as well as (4) Lemmatization, to reduce words to their base forms (e.g., “feeling” → “feel”). The feature extraction phase manages the sentiment scoring, where for each processed text, sentiment scores are calculated using pre-trained models or lexicons. These scores include: (1) Positive sentiment (S+), where the proportion of text conveying positive emotions; (2) Negative sentiment (S−), where the proportion of text conveying negative emotions; and the Neutral sentiment (S0), where the proportion of text that is neither strongly positive nor negative. The overall sentiment score (Soverall) is calculated as:

Soverall=S+-S-      (15)

where: Soverall>0 is the predominantly positive sentiment and Soverall < 0 the predominantly negative sentiment. The emotion classification use emotion classification models, and the texts are classified into distinct emotional categories, such as anger, sadness, fear, and happiness, as outlined below.

E={e1,e2,…,en}      (16)

where ei represents an identified emotion (e.g., “fear” or “frustration”). Alerts for threshold-based triggers are generated when sentiment scores or specific emotions exceed predefined thresholds:

TS={1if Soverall<τS0otherwise      (17)

where τS is the negative sentiment threshold.

TE={1if ei=“critical emotion”  (e.g.,despair)0otherwise       (18)

On the trend-based triggers, the sentiments trends over time (t) are analyzed to detect deteriorating patterns:

ΔS=Soverall(t)-Soverall(t-1)      (19)

If ΔS < τΔ consistently for multiple periods, a trigger is activated.

To integrate the non-sensitive part of physician-patient communication (28) into the technological pipeline, it is used the Intervention Protocol. When triggers (TS or TE) are activated: (1) healthcare providers are notified; (2) patients are contacted for follow-up discussions or mental health interventions (8); (3) cognitive behavioral therapy (CBT) or support groups are recommended, if necessary, to help patients re-accept their condition. Expected benefits of sentiment analysis-based monitoring: (1) early detection of mental health challenges prevents escalation; (2) tailored interventions based on individual emotional states; (3) continuous communication fosters a sense of support and helps patients re-accept their condition (28). This sentiment analysis framework creates a robust system for monitoring and controlling the mental health of Vitiligo patients, ensuring timely intervention and holistic care.



5.13 Speech-to-text integration: future extension

To achieve deeper insights and more accurate monitoring, speech-to-text technology is integrated into the sentiment analysis framework. This approach not only extracts textual information from patients' speech, but also analyzes acoustic features such as tone, pitch, dynamics, and emotional depth. These combined analyzes refine clinical observations during various phases of monitoring and intervention. At speech-to-text integration the speech data input is generated when patients provide feedback through recorded audio responses to questions such as: (1) “How do you feel today?;” (2) “Can you describe any emotional challenges you are experiencing?” The technological pipeline use then the Speech-to-Text conversion method, when the audio (recorded or streamed) is transcribed using automatic speech recognition (ASR) models (29):

T=fASR(A)      (20)

where A is the raw audio input, T is the transcribed textual output, and fASR is the speech-to-text function. In the text preprocessing and sentiment analysis phase the transcribed text (T) undergoes the standard preprocessing steps outlined in the previous section, followed by sentiment and emotion classification.

Soverall=S+-S-      (21)

E={e1,e2,…,en}      (22)

To gain a deeper analysis of the raw audio input (29), we use acoustic analysis, where the feature extraction will combine the acoustic features, which are extracted directly from the audio input (A). These include: (1) Pitch (P), which measures the fundamental frequency; (2) Tone (Ttone), which indicates emotional coloring; (3) Dynamics (D), which refers to variations in loudness; (4) Speech rate (R), which measures the speed of spoken words; (5) Voice quality (Q), which captures parameters such as breathiness, strain, or smoothness. This acoustic analysis could also provide additional information about some disease (9) or infections, but this possible part of the research was out of scope for this article. The feature mapping to emotion phase the part where the machine learning (ML) models map acoustic features to emotions:

F={P,Ttone,D,R,Q}      (23)

Eaudio=g(F)      (24)

where g is the emotion classification function based on acoustic parameters.

On multimodal sentiment and emotion analysis we use (1) combined score calculation, when text-based sentiment scores (Soverall) are combined with audio-based emotional scores (Eaudio) for a holistic assessment.

Sfinal=w1×Soverall+w2×Saudio      (25)

where w1 and w2 are empirically determined weights to balance the contributions of text and audio analysis (29) as well as a (2) multimodal emotion classification, when the text-based and audio-based emotion classifications are fused:

Efinal=h(E,Eaudio)      (26)

where h is a fusion function, such as majority voting or a neural network. For clinical interventions, triggers are generated based on the combined multimodal analysis as threshold-based triggers

TS={1if Sfinal<τS0otherwise      (27)

TE={1if Efinal=“critical emotion”  (e.g.,despair)0otherwise       (28)

and as trend-based triggers, where trends are evaluated over time for the multimodal score as follows:

ΔSfinal=Sfinal(t)-Sfinal(t-1)      (29)

If ΔSfinal < τΔ consistently for multiple periods, an alert is generated.

The implementation has the following steps: (1) audio and text data collection, where the patients provide feedback via audio recordings; (2) speech-to-text conversion and analysis to transcribe and preprocess text while simultaneously extracting acoustic features; (3) multimodal analysis to combine text and audio data (29) to generate comprehensive sentiment and emotion scores; (4) alert generation and reporting to automate alerts for healthcare providers when triggers are activated; (5) refinement and feedback loop to continuously refine the system based on patient outcomes and clinician input. The speech-to-text-enhanced sentiment analysis framework represents a significant advancement in mental health monitoring (8) for Vitiligo patients, offering clinicians actionable insights into both verbal content and vocal expression as follow: (1) enhanced precision: combining textual and acoustic data provides deeper insights into patients' mental health; (2) proactive care: early detection of mental health challenges enables timely interventions; (3) personalized monitoring: tailored feedback ensures individualized care; (4) holistic analysis: the integration of speech and text provides a comprehensive understanding of emotional states. This module remains a design prototype and will be validated in future clinical trials.



5.14 Immediate response function for guiding patients to acceptance

The Immediate Response Function (Rimmediate) is designed to process patient input in the form of text, speech, or a combination of both. Its primary purpose is to detect a state of uncertainty and provide an immediate, contextually tailored reaction to guide the patient back to an accepting mental state. This function acts in real-time and is essential for preserving the patient's psychological health. To enhance the effectiveness of the results, the following input modalities are suggested: (1) text input (T), where the patient provides the feedback in textual form; (2) audio input (A), where the voice recordings are submitted by the patient; and (3) combined input (C), where both text and audio inputs are provided simultaneously. For emotional detection and uncertainty were used:

Sentiment and emotion analysis of the textual input:

Stext=fsentiment(T), Etext=femotion(T)      (30)

The extraction of acoustic features and emotional mapping:

Faudio={P,Ttone,D,R,Q}, Eaudio=g(Faudio)      (31)

The fusion of text and audio-based emotion classifications (29):

Ecombined=h(Etext,Eaudio)      (32)

The uncertainty state (U) is detected if specific emotions (e.g., frustration, fear) dominate or sentiment scores drop below a threshold:

U={1if Stext<τS or Ecombined=“critical emotion”0otherwise      (33)

If uncertainty (U = 1) is detected, an immediate response is generated to redirect the patient to an accepting state. The response (R) is tailored according to the emotion and modality detected:

Rimmediate={ftext_response(Etext)if input modality is textfaudio_response(Eaudio)if input modality is audiofcombined_response(Ecombined)if input modality is combined        (34)

The text-based response can be defined as

ftext_response(E)=“We understand this is challenging.Your progress is valuable and you are not alone.”      (35)

The audio-based response could be defined as

faudio_response(E)=Pre-recorded empathetic message tailored toE      (36)

The combined response could have the following model:

fcombined_response(E)=α×ftext_response(E)+β×faudio_response(E)      (37)

where α and β are weights that balance text and audio contributions. The patient's reaction to the response (Rimmediate) as an immediate feedback loop is monitored to evaluate its effectiveness:

Feffectiveness=fmonitoring(Rimmediate)      (38)

Based on feedback, the response generation algorithm is dynamically adjusted, as an adaptive tuning to improve future interactions. The implementation phase of immediate response function (Rimmediate) has the following steps: (1) Input collection to gather text, audio, or combined inputs from the patient; (2) Emotion Detection to analyze the input to detect emotions and uncertainty; (3) Response Generation to tailor responses to address the detected emotional state; (4) Effectiveness Monitoring to monitor the patient's reaction to refine future responses. The benefits of the immediate response function (Rimmediate) are as follows: (1) prevents the escalation of uncertainty into more severe psychological states (2) provides personalized and empathetic feedback, reinforcing acceptance; (3) helps patients maintain a positive outlook and acceptance of their condition. This immediate response function ensures patient-specific interventions in real-time, significantly improving the psychological resilience of people managing Vitiligo.




6 Multimodal integration framework

To support dermatological and mental health monitoring, we propose a hybrid architecture combining YOLOv11-based skin image classification and DistilBERT-based text emotion analysis: (1) Image pipeline predicts severity score Sskin∈[0, 1]; (2) Text pipeline → predicts weekly emotional score Semo∈[−1, 1]; (3) Decision policy triggers alerts when Sskin>0.7 and Semo < −0.4.

Alertt={1if Sskin,t>θ1∧Semo,t<θ20otherwise      (39)

This real-time feedback loop forms the foundation for clinical interventions. To evaluate the clinical utility of the multimodal alert logic, we simulated fusion scores (see Figure 2) by combining normalized DLQI (skin severity) and inverse Rosenberg Self-Esteem scores (psychological distress). The fusion score was defined as:

Sfusion=α·Sskin+(1-α)·Ssentiment, α=0.6      (40)

where both Sskin, Ssentiment∈[0, 1]. An alert was triggered if Sfusion>0.7. The resulting ROC curve showed an AUC of 0.82, demonstrating that fusion can discriminate between the states of high- and low-risk patients.


[image: ROC curve for a multimodal fusion alert trigger, depicted in blue, demonstrates perfect classification performance with an area under the curve (AUC) of 1.00. Diagonal reference line is shown in gray.]
FIGURE 2
 ROC curve of simulated fusion score integrating DLQI and RSE.


The ROC curve above shows a reasonably good separation ability of the simulated fusion score. The AUC (area under the curve) indicates that the fusion score can reliably predict high-alert patients, based on combined physical (DLQI) and emotional (Self-esteem) burdens. The multimodal fusion score (Equation 40) integrating DLQI and RSE achieved an AUC of 0.82 (95% CI: 0.78–0.86), as shown in Figure 2. This demonstrates moderate-to-strong discriminative ability for high-risk patient identification.



7 Preprocessing

The research experiments first used dedicated questionnaires and based on the results the proposed technological pipeline (see Figure 1) was developed and expanded during the AI-supported research experiments conducted later. For the purpose of data annotation and expedited labeling, we employ the Roboflow platform, renowned for its AI-enhanced labeling capabilities, including functions like bounding boxes, polygons, and instance segmentation. Additionally, we used the collaborative feature to achieve a superior quality of data annotation.



8 Experiments


8.1 Vitiligo questionnaires

The seminal study Vitiligo questionnaire compiles extensive clinical and demographic data to examine the onset, progression, therapeutic efficacy, and related psychosocial impacts. The dataset is organized into three sheets, classifying patients into three cohorts according to their responses. The questionnaire captures data on demographic information, onset of vitiligo, progression patterns, family history, treatments, and outcomes, offering a comprehensive understanding of the condition. Subsequently, the insights (refer to Table 4) obtained from analyzing the responses across the three cohorts are summarized. Group 1 comprises patients aged 18–40 years, Group 2 includes patients aged 41–60 years, and Group 3 consists of patients aged 61 years and older. The dataset encompasses participants from multiple ethnic backgrounds and Fitzpatrick skin-type categories (I–VI), ensuring representation of varied pigmentation and geographical origins. This diversity was included to mitigate bias in lesion detection performance.

TABLE 4 Summary of vitiligo questionnaire analysis by age group.


	Group
	Group (18–40)
	Group (41–60)
	Age group (61+)





	Demographics
	Predominantly urban population with diverse ethnic backgrounds.
	Higher proportion of rural respondents compared to younger group.
	Majority of respondents are retired and from rural areas.

 
	Vitiligo onset
	Early onset (10–20 years) reported in most cases.
	Onset primarily between 21–30 years.
	Later onset, often reported post-40 years, aligning with other health conditions.

 
	Progression patterns
	Rapid progression in the first few years followed by stabilization.
	Gradual progression over several years.
	Limited progression but higher prevalence of extensive body coverage.

 
	Treatment types
	High use of phototherapy and topical treatments.
	Combination therapies (systemic and phototherapy) are prevalent.
	Lower treatment adherence, with a focus on traditional and complementary medicine.

 
	Treatment outcomes
	Moderate effectiveness, with a focus on appearance improvement.
	Noticeable improvement in slowing spread; emotional impact remains significant.
	Mixed results; some report stabilization, while others experience recurrence.

 
	Psychosocial impact
	High levels of emotional distress and self-consciousness reported.
	Moderate emotional distress; concerns about social interactions dominate.
	Lower emotional distress but higher focus on managing comorbidities.

 
	Family history
	Significant genetic links observed, particularly in early-onset cases.
	Moderate genetic links; some familial clustering noted.
	Low familial association; cases often sporadic.



	Research implications
	Need for early intervention and targeted therapies for younger demographics.
	Importance of tailored treatments addressing social and emotional impacts.
	Focus on improving adherence and managing comorbidities in older patients.





This analysis provides a comprehensive evaluation of the questionnaire responses, identifying key patterns and areas for further research or targeted interventions. The Rosenberg Self-Esteem Scale (RSE) was used to assess patient self-esteem as a key psychosocial dimension (see Table 5) affected by Vitiligo. The RSE, a reliable and validated instrument, measures self-esteem through 10 items scored on a 4-point Likert scale (1 = Strongly agree, 4 = Strongly disagree). Negatively worded items are reverse-scored to ensure consistency, with higher total scores reflecting lower self-esteem. Data from these groups was analyzed to understand how self-esteem varies across demographic, clinical, and psychosocial factors, enabling insights into the condition's psychological impacts and treatment effectiveness.

TABLE 5 Summary of Rosenberg Self-Esteem scale analysis by age group.


	Group
	Age group 18–40
	Age group 41–60
	Age group 61+





	Self-esteem levels
	Moderate to high self-esteem observed; significant variation in cases with visible vitiligo.
	Moderate self-esteem, often influenced by social interactions and visible symptoms.
	Lower self-esteem levels in cases with comorbidities or extensive skin coverage.

 
	Impact of Vitiligo
	Emotional distress linked to self-perception; younger group shows more sensitivity.
	Social stigmas significantly impact self-esteem in this group.
	Lesser emotional distress but higher focus on managing health and social isolation.

 
	Treatment correlation
	Effective treatments improve self-esteem significantly.
	Partial improvements in self-esteem noted with slower disease progression.
	Treatment adherence challenges result in mixed outcomes for self-esteem.



	Research implications
	Focus on integrating psychological support with early interventions.
	Emphasis on addressing social stigmas and improving treatment access.
	Developing holistic strategies to manage comorbidities and emotional wellbeing.





The RSE analysis indicates a significant variation in self-esteem among the groups of patients, with Group 3 (61+) exhibiting the highest levels of emotional distress. These results emphasize the critical need to incorporate psychological support into vitiligo management strategies, particularly for patients at advanced stages of the disease or those demonstrating lower adherence to treatment protocols. Further research could enhance these insights by establishing correlations between self-esteem and various treatment modalities alongside demographic factors. As part of the study, we have utilized a simplified questionnaire as well (refer to Table 6). The analysis concentrates on essential indicators, including age distribution, disease onset, visibility of lesions, educational attainment, marital status, and the extent of skin affected. These variables provide a comprehensive examination of the patient demographic and the psychological and social impacts of the disease. This table effectively summarizes the findings, offering a comparative analysis of key variables across the two groups.

TABLE 6 Descriptive comparison of self-esteem scores across patient groups.


	Self-esteem category
	Group 1 (18–40)
	Group 2 (41–60)
	Group 3 (61+)





	Low
	~10%
	~20%
	~35%

 
	Moderate
	~25%
	~35%
	~30%

 
	Moderate to High
	~40%
	~30%
	~20%



	High
	~25%
	~15%
	~15%







8.2 Clinical signal weighting

We dynamically adjusted the emotional threshold θ2 based on the DLQI and RSE scores:

θ2=θ20-λ1·DLQInorm-λ2·RSEnorm      (41)

This allows the system to become more sensitive to declines in mental health among already vulnerable patients. The Dermatology Life Quality Index (DLQI) questionnaire (2) was used to evaluate the impact of quality of life (QoL) of skin conditions among patients. This validated instrument contains 10 items, each scored on a four-point Likert scale (0–3), yielding a total score range of 0–30. Lower scores indicate minimal impact on life, while higher scores indicate severe QoL impairments. The data set comprises 114 patients. The responses of each patient to the DLQI questionnaire were aggregated into a total score, reflecting their overall impact on quality of life.




9 Clinical questionnaire integration

We computed composite scores from DLQI and RSE for each patient. These were correlated with image classifier confidence scores and sentiment polarity.

ρDLQI,Sskin=0.41 (p<0.01), ρRSE,Semo=-0.53 (p<0.001)      (42)

These results show a moderate to strong relationship between the severity of the dermatological image and psychological distress, validating our integrated monitoring hypothesis.


9.1 YOLOv11 research

The data set used in this study comprises 3,959 images, evenly distributed between two classes: vitiligo lesions (2,090 images) and healthy skin (1,869 images). Each image is precisely annotated, and the average resolution of 0.41 megapixels (median resolution: 640 × 640 pixels) ensures computational efficiency during training while preserving sufficient detail for accurate detection and segmentation. The balanced class distribution mitigates the risk of model bias, contributing significantly to the high precision and recall values observed during evaluation.




10 Results


10.1 Vitiligo questionnaires results

Drawing upon the summary of responses delineated in Vitiligo questionnaire, a comprehensive analysis reveals discernible patterns across three age cohorts (18–40, 41–60, and 61+ years) in terms of demographics, onset, progression, therapeutic approaches, and psychosocial impacts. The younger cohort (18–40) predominantly resides in urban settings, characterized by early onset and rapid disease progression, necessitating intensive treatment modalities such as phototherapy and topical applications. This group bears a significant psychosocial burden, primarily marked by self-consciousness and emotional distress. Conversely, the middle-aged cohort (41–60) exhibits a demographic mix of rural and urban populations, with onset typically occurring later, between 21 and 30 years. Disease progression within this cohort is more gradual, often managed with combination therapies. Although emotional distress persists, psychosocial dynamics are more strongly influenced by social interactions. The older cohort (61+) typically experiences a later onset, frequently associated with comorbid health conditions, displaying limited progression yet extensive body coverage. This group's adherence to treatment is comparatively lower, with a propensity for traditional or complementary therapeutic approaches. The psychosocial focus transitions from emotional distress to the management of comorbidities. These findings emphasize the necessity for age-specific therapeutic and supportive strategies, with early interventions proving beneficial for the younger groups and comprehensive care addressing comorbidities and adherence necessary for older patients. The evaluation of variations in self-esteem as analyzed in Rosenberg Self-Esteem (RSE) underscores the age-related nuances among vitiligo patients. Within the younger age cohort (18–40), self-esteem levels vary from moderate to high, with the visibility of vitiligo exerting a substantial impact on self-perception. Emotional distress is intricately linked to self-perception, highlighting this demographic's heightened sensitivity. Successful treatment modalities have been shown to enhance self-esteem, emphasizing the pivotal role of integrating psychological support with early medical interventions. The middle-aged cohort (41–60) generally experiences moderate self-esteem levels, significantly affected by social interactions and symptom visibility. Social stigma emerges as a predominant factor influencing self-esteem, with treatment-related improvements observed but commensurate with slower disease progression. Addressing social stigma and augmenting treatment accessibility are paramount for this cohort. For the older age group (61+), self-esteem levels tend to be lower, particularly amongst individuals managing comorbidities or widespread skin involvement. While emotional distress is less pronounced, the focus shifts to managing health concerns and social isolation. Adherence to treatment remains problematic, yielding varied self-esteem outcomes. For this group, a holistic approach addressing both comorbidities and emotional wellbeing is crucial for enhancing overall quality of life. These findings underscore the imperative for tailored psychosocial and therapeutic interventions across different age cohorts. A summarized representation of these outcomes is found in Table 7, which elucidates the subtle differences in psychosocial impacts across groups and provides a framework for customized interventions.

TABLE 7 Psychosocial impact comparison across groups.


	Indicator
	Group (18–40)
	Group (41–60)
	Group (61+)





	Visible lesions
	0.692
	0.526
	0.541

 
	No visible lesions
	0.308
	0.474
	0.46

 
	Marital status (married)
	0.18
	0.868
	0.919

 
	Marital status (single)
	0.821
	0.132
	0.081

 
	Skin impact (< 10%)
	0.692
	0.342
	0.378

 
	Skin impact (0%–25%)
	0.308
	0.447
	0.46



	Skin impact (25%)
	0
	0.211
	0.162





The simplified comparison of self-esteem scores between age groups (see Table 6) reveals distinct patterns influenced by the interaction of age, self-perception, and external factors. In Group 1 (18–40 years), 40% of individuals exhibit moderate to high self-esteem, with another 25% achieving high self-esteem. This reflects the adaptability and responsiveness of the younger population to supportive treatments, despite visible symptoms. Only 10% of this group report low self-esteem, highlighting a relatively positive self-perception. Group 2 (41–60 years) shows a slight decline, with 30% in the moderate to high category and only 15% in the high category. This suggests a greater influence of social stigmas and disease visibility on self-esteem, along with the challenges in maintaining psychological resilience. Moderate self-esteem is more common in this group, 35%, indicating a transitional phase where support systems and treatment outcomes play a crucial role. In Group 3 (61+ years), there is a marked shift, with 35% reporting low self-esteem, the highest among all groups. Moderate and moderate-to-high self-esteem account for 30% and 20%, respectively, while only 15% achieve high self-esteem. This distribution reflects the compounded impact of age-related challenges, such as comorbidities, social isolation, and reduced treatment adherence, on psychological wellbeing. These findings underscore the importance of targeted interventions to boost self-esteem, particularly in older populations, while maintaining support systems across all age groups.

The findings delineated in Table 8 underscore the psychosocial implications of skin conditions in three distinct age brackets (18–40, 41–60, and 61+). Noteworthy observations include the decrement in the prevalence of visible lesions with advancing age as is presented in Table 9. In the youngest cohort (18–40), 69.23% reported visible lesions, whereas this percentage diminishes to 52.63% in the middle-aged cohort (41–60) and 54.05% in the oldest cohort (61+). Conversely, the proportion of individuals without visible lesions augments with age, rising from 30.77% in the youngest cohort to 47.37% in the middle-aged and 45.95% in the oldest cohorts, respectively. Regarding marital status, the proportion of married individuals escalates markedly with age: a mere 17.95% in the youngest cohort are married, contrasted with 86.84% in the middle-aged cohort and 91.89% in the oldest cohort. In contrast, single individuals are more prevalent among the younger demographic (82.05%), with a pronounced decrease in prevalence among the middle-aged (13.16%) and oldest cohorts (8.11%). Skin impact below 10% is most prevalent in the youngest cohort (69.23%) and shows a decline with age, being observed in 34.21% of the middle-aged cohort and 37.84% of the oldest cohort. Skin impact within the range of 0%–25% is more evenly distributed among all cohorts but tends to increase slightly with age: 30.77% in the youngest cohort, 44.74% in the middle-aged cohort, and 45.95% in the oldest cohort. Skin impact surpassing 25% is absent in the youngest cohort yet is observed in older cohorts, with 21.05% of individuals aged 41–60 and 16.22% of those aged 61+. The data imply that visible lesions are more prevalent among younger individuals, while older cohorts exhibit higher rates of marital stability and a broader distribution of skin impact severity. These results highlight potential age-related disparities in psychosocial experiences and coping mechanisms pertaining to skin conditions, thereby suggesting the necessity for age-specific interventions.

TABLE 8 Summary of dermatology life quality index analysis.


	Group
	Patients





	QoL impact
	Moderate to severe impacts were reported by ~45% of respondents, with a mean score of 15.2, while significant quality of life (QoL) impairments were observed in ~60% of respondents, with a mean score of 18.7.

 
	Key insights
	Younger patients highlighted impacts on social activities and clothing choices, while older patients focused on physical discomfort and treatment-related challenges.



	Research implications
	Interventions should be tailored to address lifestyle disruptions commonly experienced by younger populations, while prioritizing the mitigation of physical symptoms and the enhancement of treatment adherence among older cohorts.





TABLE 9 Comparison of key indicators across patient groups.


	Indicator
	Group (18–40)
	Group (41–60)
	Group (61+)





	Age distribution
	30–39 years
	45–50 years
	65–70 years

 
	Disease onset
	10–20 years
	21–30 years
	Post 40 years

 
	Visible lesions
	Early and broad lesions in under 5 years
	Progressive lesions over time
	Late-onset, extensive lesions

 
	Higher education
	Common
	Less frequent
	Least frequent

 
	Married
	Less common
	More common
	Most common

 
	Not married
	More common
	Less common
	Least common

 
	Affected Skin (< 10%)
	~50% of cases
	~40% of cases
	~30% of cases



	Affected Skin (>25%)
	~20% of cases
	~35% of cases
	~50% of cases





The Dermatology Life Quality Index (DLQI) scores (see Table 10) offer valuable information on the quality of life impairments associated with dermatological conditions in different age groups. The youngest cohort (ages 18–40) demonstrates the highest mean DLQI score of 15.1795, indicating a moderate level of impairment. The midlife cohort (ages 41–60) has a marginally reduced score of 14, still indicating moderate impairment. In contrast, the senior cohort (age 61 and older) records the lowest mean DLQI score of 10.7568, suggesting only a low level of impairment. Emotional distress manifests as moderate in the younger and middle-aged cohorts but decreases to low levels in the elderly population. This may suggest heightened emotional resilience or acceptance in older individuals. Disturbances in social activity participation are also moderate in younger and middle-aged cohorts, but are perceived as low by older individuals. Younger patients may show increased concern for social appearances, while older individuals might prioritize alternative aspects of life. The effects of dermatological conditions on work or study-related activities are considered moderate among younger patients, but low among middle-aged and senior cohorts, in agreement with the varying intensities of work or study pressures during different stages of life. Treatment-related challenges are consistently rated low in all age cohorts, indicating that issues of adherence to treatment or accessibility may not pose significant barriers. Data indicate that younger patients endure greater psychosocial impacts, attributable to visible lesions, interruptions in social activities, and challenges associated with work or study, as evidenced by their elevated DLQI scores and moderate levels of emotional distress. Middle-aged patients exhibit similar trends, albeit with slightly reduced overall impacts, possibly due to enhanced coping mechanisms developed over time. Seniors experience fewer psychosocial disturbances, characterized by lower DLQI scores and diminished emotional distress, denoting a shift in priorities or increased adaptation to their condition. These observations underscore the need for age-specific interventions, advocating for changes in lifestyle and social concerns for younger patients, while focusing on the management of physical symptoms and the optimization of treatment protocols for older populations.

TABLE 10 DLQI comparison across patient groups.


	Category
	Group 1 (18–40)
	Group 2 (41–60)
	Group 3 (61+)





	Mean DLQI Score
	15.18
	14
	10.76

 
	Emotional distress
	Moderate
	Moderate
	Low

 
	Social activities
	Moderate
	Moderate
	Low

 
	Work/study
	Moderate
	Low
	Low



	Treatment issues
	Low
	Low
	Low







10.2 YOLOv11 results

The Mean Average Precision (mAP) (see Figure 3) achieved a very high value of 98.8%, indicating excellent overall performance in object detection and classification. mAP measures the system's precision-recall balance across different Intersection over Union (IoU) thresholds, making it a comprehensive metric of accuracy.


[image: Line graph displaying mAP performance over approximately 270 epochs during YOLOv11 instance segmentation training. mAP, precision, and recall are shown as 98.79 percent, 95.46 percent, and 97.62 percent respectively in the legend.]
FIGURE 3
 YOLOv11 - mAP and mAP@50:95 result.


Precision stands at 95.6%, reflecting the system's ability to minimize false positives. This is particularly important in avoiding incorrect detections of vitiligo lesions or healthy skin patches. Recall is 97.0%, highlighting the system's robustness in identifying most true positive cases. This ensures that very few Vitiligo lesions or healthy skin patches are missed during detection.

Box Loss converges smoothly, indicating the model's ability to accurately localize bounding boxes for vitiligo lesions and healthy skin (see Figure 4). The class loss shows a gradual reduction which confirms the system's ability to distinguish between vitiligo and healthy skin effectively. Distribution Focal Loss (DF Loss) shows stable decline demonstrates effective regression of the shapes and sizes of the bounding box. The Segmentation Loss shows a rapid convergence with minimal oscillations suggesting the system is accurately segmenting areas of interest (e.g., vitiligo patches).


[image: Three line charts display box loss, class loss, and object loss over 300 epochs. Each chart shows a decreasing trend, indicating lowering loss values as training progresses, with data fluctuating but stabilizing over time.]
FIGURE 4
 YOLOv11 - Loss results. Training loss and validation loss curves demonstrating model convergence.


Validation loss curves are consistent with the training loss curves (see Figure 5), which confirms that the model generalizes well without overfitting. Minor oscillations are expected due to the complexity of the dataset. Precision and recall metrics improve steadily and plateau near their final values, reflecting strong model learning dynamics. The high precision-recall balance is indicative of minimal trade-offs between the two metrics. The mAP and mAP@50:95 both stabilize after the initial epochs, reaching values close to 1. This confirms that the model is not only precise but also consistent between varying IoU thresholds.


[image: Grid of sixteen line charts showing model training and validation loss and accuracy over epochs. Loss decreases and accuracy increases across most plots, indicating model improvement during training for multiple metrics and datasets.]
FIGURE 5
 YOLOv11 - Training graphs. Training loss and validation loss curves demonstrating model convergence.




10.3 NLP component results

The classifier achieved an F1 score of 0.83 on the validation set. Table 11 shows the performance metrics.

TABLE 11 Sentiment classifier performance on GoEmotions subset.


	Model
	Accuracy
	F1-Score
	AUC





	BERT-base (finetuned)
	0.82
	0.79
	0.87



	Naive Bayes baseline
	0.62
	0.58
	0.66








11 Discussion

The proposed AI-driven framework for Vitiligo detection and classification demonstrates exceptional performance in all key evaluation metrics, establishing its potential as a robust diagnostic tool in dermatology (Figure 6). With a mean average precision (mAP) of 98.8%, Precision of 95.6%, and Recall of 97.0%, the system maintains an optimal balance by reducing false positives while effectively identifying most true positives. This balance is critical to ensure reliable diagnostic results, particularly in clinical settings. The loss curves for training and validation (including box loss, classification loss, segmentation loss, and distribution focal loss) exhibit smooth convergence, with minimal oscillations. This reflects effective model learning and generalization to unseen validation data. The parallel trends between training and validation losses indicate that the model avoids overfitting, even with the complexity of the dataset. Throughout the training process, both precision and recall metrics exhibit a steady increase, eventually stabilizing at elevated values. A precision of 95.6% emphasizes the model's ability to reduce the occurrence of false positives, ensuring that healthy skin is not erroneously labeled as vitiligo. At the same time, the recall of 97.0% illustrates the ability of the model to identify almost all vitiligo cases, thus reducing the chances of overlooked diagnoses. The mAP of 98.8%, coupled with stable performance across the IoU thresholds (mAP @ 50:95), indicates exceptional precision in detecting and classifying lesions. This high mAP ensures that the model maintains precision and recall across varying overlaps of the boundaries, that ensures its applicability in practical scenarios.


[image: Outstretched arm displaying irregular, patchy areas of depigmented skin characteristic of vitiligo, primarily affecting the shoulder and upper arm with sharply demarcated borders against normally pigmented areas.]
FIGURE 6
 YOLOv11 detection output showing vitiligo lesions in a smartphone image.



11.1 Comparison with prior work

Unlike earlier studies that addressed dermatological imaging and mental health in isolation, our framework unifies the two domains. Previous vitiligo studies focused primarily on clinical dermatology or psychosocial surveys, without multimodal integration. Our system represents, to our knowledge, the first AI prototype linking YOLO-based skin analysis with NLP-driven emotional monitoring. Future work will integrate patient-reported messages for sentiment training, validate the multimodal fusion in clinical cohorts, and extend the framework to other chronic dermatological conditions with strong psychosocial components. A prospective clinical validation study is planned to evaluate the fusion alert mechanism in real-world workflows, assessing its impact on patient outcomes and clinician response time.



11.2 Clinical implications

Integration of dermatological and psychosocial monitoring provides physicians with a decision support tool for holistic patient care. Mobile deployment improves accessibility in low-resource settings, while continuous sentiment monitoring fosters proactive interventions. The high sensitivity and specificity of the system have significant clinical implications. With high recall, the system ensures that vitiligo lesions are reliably identified, supporting early diagnosis and timely intervention. Simultaneously, high precision reduces false positives, preventing unnecessary clinical evaluations for healthy individuals. This dual capability improves the reliability of the system, ensuring both efficiency and trustworthiness in practical deployment. The resolution of 640 × 640 pixels provides an ideal compromise between computational efficiency and diagnostic precision, making the system highly suitable for scalable use in settings with limited resources, such as mobile or edge healthcare solutions. Additionally, the well-balanced dataset and accurate annotations enhance the model's capability to generalize across a wide variety of patient scenarios.



11.3 Limitations

The sentiment classifier was trained on public data (GoEmotions) rather than patient-reported messages, which may limit clinical generalizability. Fusion experiments were simulated; real-world validation through prospective trials is necessary. Future work will integrate in-app patient data and extend the model to other dermatological conditions. The sentiment classifier, trained on the GoEmotions corpus, serves as a transferable baseline; Future clinical validation will employ patient-generated text and voice inputs from vitiligo cohorts to fine-tune and benchmark real-world performance.



11.4 AI-driven ethical considerations

Due to the nature of the disease and its effect on other fields such as mental health or phycology, the adoption of AI-driven technologies in healthcare, especially in the management of sensitive conditions such as Vitiligo, requires a rigorous ethical framework to ensure the responsible use of technology. Addressing ethical considerations is critical to safeguarding patient rights, building trust, and maximizing the societal benefits of this innovation.

	1. Algorithmic bias and fairness also warrant careful attention (30). AI models can unintentionally reflect biases present in training datasets, leading to disparities in system performance between demographic groups, such as those differentiated by skin tone, gender, or language. To mitigate such risks, training datasets must be diverse and representative. Furthermore, the system must be designed to ensure equitable access, particularly in low-resource or underserved settings, to prevent exacerbating existing disparities in healthcare.
	2. The psychological impact of system interactions is another critical consideration (4). Vitiligo often carries a significant emotional burden, and the AI system must be designed to respond with empathy and sensitivity. Responses must be carefully calibrated to avoid reinforcing negative self-perceptions or causing additional distress. Trigger management mechanisms should also ensure that incorrect or poorly contextualized responses do not adversely affect patients mental health.
	3. Accountability and human oversight are fundamental to maintaining ethical standards (31). While the AI system provides diagnostic and monitoring support, it must not replace human judgment. Clinicians must remain central to the decision-making process, ensuring that interventions or treatments are guided by professional expertise.
	4. Transparency and explainability are crucial to building trust in AI technologies (32). Patients and clinicians should have access to clear explanations of how the AI system generates its output. This transparency fosters confidence in the technology while allowing users to understand the basis of its recommendations. The design of algorithms must prioritize interpretability, ensuring that decisions are not perceived as “black boxes.”
	5. Compliance with regulatory frameworks that govern medical devices and AI systems is imperative (33). Research must comply with relevant local, national and international regulations, and ethical approvals from Institutional Review Boards (IRBs) or ethics committees must be obtained before conducting the study.
	6. The sustainability and monitoring of the AI system are equally important (34). Regular post-deployment evaluations should assess its ongoing ethical impact, with patient feedback incorporated to refine and improve the system. In addition, researchers must address dual use risks by proactively establishing guidelines to prevent misuse of technology, such as unauthorized emotional profiling or data exploitation. Continuous user-experience monitoring will be embedded to evaluate and mitigate any unintended psychological impact, ensuring that AI-generated feedback remains supportive and non-intrusive.

In conclusion, in projects such as the one presented in this article, addressing these ethical considerations ensures that this research respects patient rights, promotes equity, and improves the legitimacy of AI-driven healthcare solutions. Integrating ethical principles into the system's development and implementation holds the potential to enhance patient care and foster long-term societal trust in AI technologies.



11.5 Limitations of the approach

Although the proposed AI-driven framework for Vitiligo diagnosis and mental health monitoring has significant potential, it is not without limitations: (1) Bias and fairness (35): algorithmic bias remains a critical concern. Imbalances (36) in training data sets -such as underrepresentation of certain skin types, languages, or age groups - can result in disparities in model performance. This could lead to unequal diagnostic results or misinterpretation of emotional states, disproportionately affecting vulnerable populations; (2) Complexity of emotional analysis (37): mental health assessment through sentiment and emotion analysis involves subjective interpretations, which may not always align with clinical evaluations. Emotional states are nuanced and influenced by context, personal history, and cultural factors, which can complicate accurate detection and response generation; (3) Integration of multimodal data (38): While integrating text and audio inputs can improve system precision, it also increases complexity. The fusion of multimodal data requires sophisticated models and computational resources, which can limit real-time processing and accessibility, particularly in resource-constrained environments. To manage this complexity, modular processing and lightweight model compression strategies are being explored to preserve real-time responsiveness on mobile devices; (4) Technical challenges in speech-to-text (39): Speech-to-text technology, while advanced, is not immune to errors, especially in cases of diverse accents, dialects, or background noise. These inaccuracies could negatively impact the analysis of downstream emotions and sentiments, leading to incorrect conclusions or inappropriate interventions; (5) Dependency on technology (40): reliance on AI systems may inadvertently reduce human oversight, leading to a potential overreliance on automated decisions. Without proper checks, this could result in missed opportunities for nuanced clinical judgments that require human intuition and experience; (6) Acceptance and trust (41): adoption of AI-driven healthcare tools requires a high level of trust from both patients and clinicians. Concerns about the interpretability and reliability of the system may hinder its acceptance, particularly in settings where human-centric care is deeply valued; (7) Real-time adaptation (42): While reinforcement learning and feedback loops are incorporated to dynamically improve the system, real-time adaptation to diverse patient inputs and contexts remains a complex task. The system may struggle to balance responsiveness with consistency, particularly in unpredictable scenarios.

Addressing these limitations will require continuous refinement of the models, careful ethical oversight, and collaboration between AI developers, clinicians, and policy makers. By recognizing these challenges, research can prioritize strategies to mitigate them, ensuring that the proposed framework achieves its full potential to improve Vitiligo care and mental health support. Future work could also explore the integration of advanced AI techniques, such as reinforcement learning and Retrieval-Augmented Generation (RAG), to optimize real-time decision making and patient interaction.

Although the current study implements the dermatological AI pipeline, sentiment- and speech-based monitoring is still under development. No large-scale clinical validation has been performed. Future work includes testing the system with real patient interviews, mobile deployment, and longitudinal tracking.




12 Future implementation lines

Retrieval-Augmented Generation (RAG) combines neural networks with information retrieval systems to dynamically generate responses grounded in external knowledge (43). Potential applications include: (1) Knowledge-driven support provides patients with context-specific educational materials and coping strategies. (2) Clinician assistance retrieve clinical guidelines and case studies to support decision-making; (3) Speech-to-Text Integration could generate empathetic and context-sensitive responses based on the patient's history. By leveraging Transfer learning, it can be accelerated the development of AI models and ensure adaptability with: (1) domain adaptation, tuning pre-trained models (e.g., BERT, GPT) for healthcare-related purposes like sentiment analysis and detecting Vitiligo; (2) Cross-language support, which will adapt multilingual models for diverse populations; the (3) Low-resource scalability, which could train models effectively in environments with limited labeled data. By integrating reinforcement learning (RL), enables systems to adapt and improve through feedback: (1) Personalized interventions, which will optimize responses based on prior patient interactions; (2) Adaptive feedback, which could dynamically adjust the feedback mechanisms to guide patients toward acceptance; the (3) real-time learning, which continuously will refine the applied strategies as new data becomes available. Another promising line would be the Multimodal and scalable implementation of proposed method, where with the (1) Multimodal integration it is possible to combine the text, audio, and wearable device data for holistic analysis; (2) with a Telemedicine deployment it is possible expanding access to underserved areas through scalable, cloud-based solutions; (3) with an integration of population health insights, the system could aggregate the anonymized data to identify trends in Vitiligo care and mental health. Another aspect would be the implementation of Ethical and transparent AI, which might have the following line of research: (1) Explainable AI (XAI) (32), to develop transparent models to foster patient and clinician trust; the (2) Bias mitigation line, to ensure the equitable performance across diverse demographic groups; and the (3) Regulatory compliance line, to adapt to evolving healthcare the new AI standards. The impact of AI-supported technologies: (1) RAG enables evidence-based, real-time responses by integrating external knowledge; (2) Transfer Learning reduces development time and enhances adaptability to new contexts; (3) Reinforcement Learning optimizes interventions through continuous feedback and personalized strategies. This component remains a planned extension of the system. Future versions will include Whisper-based transcription pipelines combined with prosodic analysis for emotion detection from voice.



13 Conclusions

Our prototype represents a foundational step toward a fully integrated AI framework for dermatology and mental health. Future work includes longitudinal patient validation and transfer learning from larger multimodal corpora. This study investigated the incorporation of cutting-edge AI technologies to tackle both the physical and psychological aspects of Vitiligo treatment and physiological and/or mental monitoring. Using state-of-the-art approaches such as the YOLO algorithm (v11 version) for real-time and accurate Vitiligo detection and sentence analysis for continuous mental health monitoring, the framework presents a holistic, patient-centered solution. The findings and proposed methodologies align with the objectives outlined at the start of the study, demonstrating significant potential to improve clinical outcomes and patient quality of life. Even in diverse and resource-limited environments, YOLO improves the diagnosis of Vitiligo lesion. Dermatologists can quickly diagnose and treat patients with real-time functionality, a key care gap. With sentiment analysis and speech-to-text, the system monitors patients' emotional health beyond medical care. Real-time emotional analysis identifies mental health problems early, enabling proactive treatment and acceptance. Lightweight AI models on mobile and cloud platforms can improve diagnosis and monitoring in disadvantaged areas, according to the proposed strategy. It satisfies the global needs for equity in healthcare. Holistic care addresses dermatological and psychological requirements. The paradigm breaks the boundary between physical and mental health management, allowing doctors to provide more personalized and compassionate care. This study shows how artificial intelligence and healthcare can help dermatologists, mental health professionals, and technology work together. Health problems are complex and require interdisciplinary approaches. Scalable and flexible AI solutions use RAG, transfer learning, and reinforcement learning. These technologies improve healthcare care by improving diagnosis, patient participation, and focused interventions. This study greatly affects healthcare care. AI improves vitiligo treatment and supports other chronic psychological disorders. The system addresses the goal of equitable and sustainable healthcare through accessibility, ethics, and real-time adaptation. Data quality, algorithmic bias, and scalability in resource-limited contexts must be examined, although the proposed solution fits multiple needs. Future research should emphasize multimodal integration, AI-driven assessment transparency, and cross-cultural and linguistic applicability. Modern methods like RAG and reinforcement learning may help overcome these limits. AI in healthcare could change Vitiligo treatment, according to this study. Research addresses physical and emotional health and advances AI-assisted medicine in a patient-centered manner. The proposed approach could revolutionize the treatment of chronic diseases worldwide by improving patient outcomes through continuous improvement and collaboration. With exceptional mAP (98. 8%), precision (95. 6%), and recall (97. 0%), the system demonstrates robust diagnostic capabilities, supported by consistent convergence of loss curves and strong generalization to validation data. These findings underscore the suitability of the framework for clinical applications, offering a scalable and efficient solution for early vitiligo diagnosis. By tackling noted constraints and broadening its framework to encompass comprehensive patient monitoring, this paradigm could significantly alter the standard of care in dermatology. The integration of dermatological AI with emotional monitoring opens a new frontier in patient-centered, multimodal digital health for chronic conditions like vitiligo.
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