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[bookmark: _Toc171010337]Introduction
[bookmark: _Int_KE7oeUmS]Skin inflammation has been a prominent focus within the cosmetic industry, and research is continually growing. Rosacea, a prevalent skin disease characterized by centrofacial erythema, papules, pustules, ocular involvement, and inflammation, affects individuals of all demographics and ages (Zuuren, Bernd W. Arents et al., 2021). There is a plentiful database discussing the disease itself, however, there is a large gap in research addressing diagnosis and disparities in people of color. One disparity that will be discussed is attributed to challenges in recognizing centrofacial erythema in darker skin tones, contributing to underdiagnosis. Additionally, contributing factors include skin conditions such as rashes and abnormal pigmentation. This capstone's objective is to review the literature on Rosacea in skin of color with focus on detection, pathophysiology, contributing factors and treatment methods. Where appropriate, gaps in knowledge with respect to skin of color will be identified and methods to remedy them will be addressed. 
[bookmark: _Toc171010338]Background
The prevalence of rosacea in people of color presents an intriguing disparity, as evidenced by the analysis of the National Ambulatory Medical Care Survey spanning from 1993 to 2010, which revealed significantly lower rates of rosacea among patients of color (Al-Dabagh et al., 2014). This finding prompts a deeper exploration into the factors influencing detection methods. Triggers such as emotional stress, extreme temperatures, dietary factors, and topical irritants are commonly implicated in rosacea onset (Maliyar & Abdulla, 2022). There is a growing body of literature suggesting that environmental stressors and skin sensitivity play pivotal roles in its development. Recent advances in research have elucidated the roles of innate and adaptive immune systems and neurovascular dysregulation in rosacea’s pathophysiology. 
[bookmark: _Toc171010339]Prevalence
Despite the growing awareness of rosacea as a prevalent dermatological condition, its occurrence among individuals of color appears notably lower. The study, led by Al-Dabagh et al. in 2014 reviewing the National Ambulatory Medical Care Survey (NAMCS) for 1993-2010 for racial and ethnic distribution of patients with rosacea, unveiled a striking contrast in the prevalence rates of rosacea between patients of color and their counterparts of lighter skin tones. Figure 1. reveals that minority demographics such as Black, Asian, and Hispanic ethnicities have extremely low prevalence rates compared to lighter complexioned individuals. This intriguing observation underscores the need for further research to elucidate the underlying factors contributing to this demographic disparity in rosacea diagnosis and to ensure equitable access to diagnosis and treatment for all individuals affected by this condition.
 [image: ]
Figure 1. Ethnic Distribution of Rosacea Prevalence from the National Ambulatory Medical Care Survey (NAMCS) for 1993-2010 for racial and ethnic distribution of patients with rosacea.
Interestingly, when examining prevalence based on detection methods employed by studies of dermatological outpatients including 15 populations from 14 different countries, substantial disparities in prevalence emerge (Gether, Overgaard et al. 2018). In Figure 2. Self-reported cases exhibited a notably higher pooled proportion of 9.71%, whereas dermatologist-diagnosed cases showed a slightly lower proportion at 5.53%. In contrast, healthcare database estimates, utilizing the International Classification of Diseases (ICD) code for rosacea, yielded a substantially lower pooled proportion of 1.05% (Please see Figure 2). These findings underscore the importance of considering both the population and the detection method when interpreting prevalence data for rosacea.
[image: ]
Figure 2. Disparities in Rosacea Prevalence by Diagnostic Method based on studies from dermatological outpatient studies reporting the incidence and/or prevalence of rosacea.
[bookmark: _Toc171010340]Biomarkers
Biomarkers are biological molecules found in the body that indicate normal or abnormal processes or conditions (National Cancer Institute 2023). Biomarkers are a focus that originally began from cancer research and has now extended into dermatology. In skin, biomarkers also play a critical part in progression, diagnosis, and treatment of skin conditions (Geng, Bourkas et al. 2024). Rosacea biomarkers are grouped into three categories pertaining to the innate immune system: Th1, Th2, and Th17 (See Table 1.). The specific role of these categories includes inflammatory markers like C-reactive protein (CRP), which shows the existence of systemic inflammation linked to rosacea (Two et al., 2017). Further, important roles in the pathophysiology of rosacea have been found for antimicrobial peptides such cathelicidin and its peptide LL-37, which are responsible for the inflammatory and vascular alterations seen in the skin (Yamasaki et al., 2007). Table 1. Shows the organization of each biomarker applicable to rosacea and the specific subtype they affect.
	Th1 Biomarkers:

	Biomarker
	Study
	Overall association
	Biomarker type, medium
	Rosacea subtype

	IL-12β
	Mylonas, 202317
	Increase
	mRNA, Skin
	ETR, PP, R

	IL-18
	Casas, 201211
	Decrease
	Protein, Skin
	ETR, PP

	TNF-α
	Casas, 201211
	Increase
	Protein, Skin
	ETR, PP

	Th2 Biomarkers:

	Biomarker
	Study
	Overall association
	Biomarker type, medium
	Rosacea subtype

	IL-13
	Harden, 202116
	Increase
	Protein, Skin
	PP

	IL-31
	Suhng, 201826
	Increase
	Protein, Skin
	ETR, G, PP

	Th17 Biomarkers:

	Biomarker
	Study
	Overall association
	Biomarker type, medium
	Rosacea subtype

	CCL20
	Harden, 202116
	Increase
	Protein, Skin
	PP

	IL-17A
	Dajnoki, 201715
	Increase
	+ve cell, Skin
	PP

	IL-17A
	Dajnoki, 201715
	Increase
	mRNA, Skin
	PP

	IL-1β
	Casas, 201211
	Increase
	Protein, Skin
	ETR, PP

	IL-17A
	Hayran, 202227
	Increase
	Protein, Serum
	ETR, PP

	Other Innate Immune System Biomarkers:

	Biomarker
	Study
	Overall association
	Biomarker type, medium
	Rosacea subtype

	LL-37
	Casas, 201211
	Increase
	Protein, Skin
	ETR, PP

	ASC
	Casas, 201211
	Increase
	Protein, Skin
	ETR, PP

	CASP-1
	Casas, 201211
	Increase
	Protein, Skin
	ETR, PP

	NLRP-3
	Casas, 201211
	Increase
	Protein, Skin
	ETR, PP

	CD163
	Casas, 201211
	Increase
	Protein, Skin
	ETR, PP

	MMP-9
	Falay Gur, 201818
	Increase
	Protein, Serum
	ETR, PP, R

	MMP-9
	Helfrich, 201514
	Increase
	mRNA, Skin
	ETR

	CXCL5
	Harden, 202116
	Increase
	Protein, Skin
	PP

	MPO
	Casas, 201211
	Increase
	Protein, Skin
	ETR, PP


Table 1. Biomarkers associated with rosacea across its subtypes: erythematotelangiectatic (ETR), papulopustular (PP), and rhinophymatous (R).
In skin of color, matrix metalloproteinases (MMPs), specifically MMP-9, have been found to be overexpressed in darker-skinned rosacea patients. This degeneration of dermal collagen and extracellular matrix results in more prominent telangiectasia and erythema (Ravichandran et al., 2018). Also represented in higher levels for darker skin tones, vascular endothelial growth factor (VEGF), which encourages angiogenesis and vascular permeability, aggravating the vascular symptoms of rosacea (Crawford et al., 2016). Malondialdehyde (MDA), an indicator of oxidative stress, may be more significant in skin of color due to the role of melanin and its interaction with inflammatory pathways. This could have an impact on the severity and chronicity of rosacea (Kim et al., 2020).
[bookmark: _Toc171010341]Pathophysiology
Understanding the pathophysiology of rosacea is essential for devising effective detection methods and treatment strategies, yet the current knowledge in this area is incomplete. Rosacea involves the dysregulation of the neurovascular and immune systems. Genetic susceptibility connected to altered immune responsiveness as indicated by the association between rosacea and single nucleotide polymorphisms found in genes related to the major histocompatibility complex has been key interactions responsible for the skin condition (Zuuren, Bernd W. Arents et al. 2021). Molecular mechanisms causing rosacea are still unknown, however triggers such as microbes, ultraviolet radiation, nutrition, extreme temperatures, skin barrier disruption, psychosocial stress, and hormones are suggested to be responsible for the innate immune response and neurovascular dysregulation. Cell types like keratinocytes, mast cells, neurons, endothelial cells, macrophages, fibroblasts, and the Th1/Th17 cells aid in promotion of rosacea (Rainer, Kang et al. 2017). One intriguing aspect of rosacea pathophysiology is the involvement of toll-like receptors (TLRs) and transient receptor potential (TRP) channels, which initiate abnormal neurological signaling contributing to the disease's clinical manifestations. The initiation of these receptors contributes to the abnormal neurological signaling present by disrupting the innate immune system, abnormal inflammatory cytokine release and anti-microbial peptide response, also known as AMP. People diagnosed with rosacea experience higher levels of cathelicidin expression. Cathelicidin is an AMP expressed by leukocytes and epithelial cells which should act as a bacterial defense molecule (Weiss, Katta 2017). When reviewing the pathophysiology from various sources, they all pointed to different key points in causes and mechanisms of the disease further highlighting its unknown direct cause. Rosacea is a multifactorial disease (Rainer, Kang et al. 2017).
The American National Rosacea Society made updates to the diagnosis and classification system of rosacea in 2002 to provide a standard criteria and language used amongst clinicians, researchers, patients, and health organizations to improve diagnosis of the disease (Table 2). Rosacea has been divided into four subtypes as follows, erythematotelangiectatic, papulopustular, phymatids, and ocular (Zuuren, Bernd W. Arents et al. 2021). This diagnostic system falls short for people with melanin rich skin due to low predictive values for flushing, papules, pustules, and telangiectasia. This led to confusion in research and inability to accurately evaluate key features of the disease (Zuuren, Bernd W. Arents et al. 2021). Erythema and telangiectasia are more difficult to observe in individuals with melanin rich skin. This is challenging in melanin rich skin because pigmentation can mask the appearance of redness and blood vessels. For people of color, the depth of lesions may also be deeper within the skin layers.
	Diagnostic features

	Phymatous changes
	Chronic inflammation and oedema can progress to thickening of the skin and connective tissue and marked overgrowth of the sebaceous glands. Gradually, this causes a swollen, cobblestoned or lumpy surface of the affected skin. Over time, the skin becomes more nodular with accompanying fibrosis and dilated follicles

	
	Sebaceous hyperplasia can cause various bulbous distorted appearing facial features, most commonly affecting the nose (rhinophyma) and other structures, including the central forehead (metaphyma), ears (otophyma), central chin (gnathophyma) and eyelids (blepharophyma)

	
	This variant is most predominant in men

	Persistent erythema
	Persistent central facial erythema associated with periodic intensification by potential trigger factors

	Major features
	 

	Flushing/blushing and transient centrofacial erythema
	Redness may involve the peripheral face, ears, neck and upper chest

	Telangiectasia
	Telangiectasias initially develop along the alae nasi and, over time, on the nose and cheek

	Inflammatory papules and pustules
	Patients can develop a centrofacial eruption of small (<3 mm), dome-shaped, acneiform papules and pustules to occasional deep persistent nodules

	
	The lesions have a deeper red colour compared to similar lesions seen in acne and have the presence of perilesional erythema

	
	In contrast to acne, these lesions are not centred around a comedone

	Ocular rosacea
	Whilst ocular rosacea can occur in patients with quite discrete or completely absent cutaneous findings, it is believed that ocular involvement can occur in greater than 50% of patients with rosacea31

	
	Symptoms are typically bilateral and include a sensation of dryness, tired eyes due to oedema, blurry vision, pain, burning, tearing, light sensitivity, itchiness, irritation, gritty sensation in the eyes, and foreign body sensation32

	
	Potential complications include conjunctival telangiectasias, conjunctival injection, blepharitis, keratitis, scleritis, iritis, conjunctivitis, styes, chalazions and corneal damage32

	
	There is no correlation between the severity of cutaneous and ocular symptoms

	Minor features
	 

	Burning sensation of the skin
	 

	Stinging sensation of the skin
	 

	Dry sensation of the skin
	 

	Oedema
	Patients may also occasionally develop oedema from recurrent vasodilation, leading to a sense of fullness of the cheeks and a subtle feeling of induration

	
	Over time, patients may develop dramatic swelling leading to lymphoedematous changes which can affect the entire face

	Adapted from Schaller et al.2019 Chiang, Ward et al. 2022 and Gallo et al. 2017
Table 2. Diagnostic features of rosacea


In skin of color, most individuals with rosacea appear with hypopigmentation surrounding the borders of erythema as compared to Fitzgerald I and II skin types (Ariel L. Botwin, Ajay Kailas et al. 2017) The genetics of rosacea have been investigated in individuals from various populations and this resulted in the recognition of challenges people of color may face from atypical clinical presentations and post-inflammatory hyperpigmentation. This post inflammatory hyperpigmentation occurs as a response to inflammation, cutaneous irritation or injury, and subsequent melanocyte lability (Callender 2017). 
Rosacea has been described by many sources as a complex interplay of genetic and environmental factors that contribute to its development. In individuals with rosacea, the immune system is interrupted which causes irregular host defense by cytokines and AMPs (Weiss, Katta 2017). This causes an exaggerated response to stimuli resulting in an inflammatory cascade. In rosacea, the vascular mechanism contributes to the physical appearance by causing vasodilation. Neurovascular dysregulation causes the blood vessels to dilate by the release of neuropeptides from sensory nerves. Exposure to sunlight or ultraviolet light heightens the inflammatory response in individuals with rosacea because of the weakness of the skin barrier. The skin barrier, resulting from the inflammatory, vascular, and neural changes induces the acceleration of epidermal proliferation and differentiation causing a deficient stratum corneum (Alvim, Addor 2016). This phenomenon could have an extremely drying effect. Demodex has been a recent discovery for the role of microbes in developing rosacea. They have been found in higher volumes of individuals with rosacea and are believed to be a prominent trigger for the disease.
[bookmark: _Toc171010342]Demodex Folliculorum
[bookmark: _Int_Y8PSdmxU]Demodex mites, also known as demodex folliculorum, can be found on the skin of many individuals commonly. The demodex species typically holds residence in the hair follicle in regions like the chin and cheek areas. Demodex species are not confined within any specific racial groups. Around 80% to 90% of the population are infected by this species (Enginyurt, Karaman et al. 2015). The specific impact on individuals with skin of color remains understudied. In high densities and overpopulation, demodex mites can assume a pathogenic role (Aktas Karabay, Aksu Cerman 2020). Pathogenically, demodex mites can cause autoimmune responses like inducing dendritic cell immunotolerance (Forton 2020). This microbial community can be influenced by diet, environment, and genetics. These factors can predispose individuals to host larger populations of these mites. Demodex infestation presents an intriguing area for exploration, particularly in understanding why certain individuals may host larger populations of these mites based on their genetic makeup.  Factors like immunosuppression, diabetes and vasodilatory-related health concerns create a favorable environment for demodex mite proliferation (Forton 2020). While specific demographic data on Demodex prevalence among people of color is limited, it can be inferred that these individuals may have higher mite populations given the increased prevalence of these contributing factors in their populations. The black population has higher rates of diabetes and hypertension (Harvard School of Public Health). In recent research, demodex mites are considered a trigger of rosacea. In research presented in the Dermatology and Therapy Journal, demodex proliferation in several types of rosacea has high prevalence (See Figure 3). The connection between contributing factors of rosacea and demodex mite proliferation are directly related. Addressing knowledge gaps for skin of color in relation to demodex is crucial for developing targeted interventions and treatment strategies tailored to individuals who may be disproportionately affected by Demodex infestations. Moreover, the role of dietary factors, environmental influences, and genetic predispositions in shaping Demodex populations requires further investigation, especially in diverse communities.

[image: ]
Figure 3. Demodex in Rosacea Prevalence based on studies from dermatological outpatient studies reporting demodex prevalence of rosacea.
[bookmark: _Toc171010343]Detection Methods
[bookmark: _Toc171010344]Standards
Clinical examination of the skin barrier by a dermatologist or healthcare provider must be performed to diagnose rosacea. The examination is an array of medical history surveying, symptom assessment, and a physical examination of the skin. Detection methods for rosacea in individuals with darker pigmented skin require attention due to the potential variations in presentation. As mentioned previously, centrofacial erythema, flushing, papules, pustules, and telangiectasia are the common symptoms that indicate rosacea of the skin (Zuuren, Bernd W. Arents et al. 2021). The National Rosacea Society and The American Academy of Dermatology are key organizations relied upon to stay updated on the criteria for specific clinical features indicative to rosacea. Skin biopsies may be performed in some cases to eliminate other skin conditions with similar symptoms as rosacea. There is a phenotypic approach proposed by the global ROScea COnsensus panel based on the patients' observable characteristics influenced by genetic or environmental factors (Zuuren, Bernd W. Arents et al. 2021).
[bookmark: _Toc171010345]Recommendations
Using low predictive values as a primary detection method for rosacea is not beneficial to the disease's prevalence rates when these values are not solely indicative of rosacea (Tan, Steinhoff et al. 2016). Secondary clinical testing should be a confirmation in every diagnosis to ensure accurate statistical results. When subtyping the disease conflation of multiple features into discrete categories that do not accurately represent rosacea patients (Zuuren, Bernd W. Arents et al. 2021). The use of centrofacial erythema in people of color as a primary criterion of diagnosis for rosacea is not adequate as dark pigmented skin may be difficult to observe redness (Tan, Steinhoff et al. 2017). Therefore, there is a clear necessity for developing more inclusive and reliable detection methods tailored to diverse skin types to enhance the accuracy of rosacea diagnosis and management. These detection methods have a close association with the prevalence of the disease. Rosacea, as of 2021, has a prevalence of 5.5% amongst the adult population (Na-Young Kang, Shah et al. 2021). However, rosacea is likely to be under-detected in darker skin types because of lack of recognition of erythema and telangiectasia. Detection methods for Rosacea are not fully effective for current practice even in lighter complexions because over overlapping symptoms with other skin conditions can lead to a misdiagnosis. 
[bookmark: _Toc171010346]Treatment Methods
Rosacea is not a curable skin condition; however, current treatments today aim to reduce and minimize the symptoms of the condition. Dermatologists recommend a combination of medications, lifestyle changes, and strict skincare regimens. Ultraviolet radiation is one of rosacea’s biggest triggers. Sun protection is highly recommended for daily use in your skincare regimen, however there is a risk that sun protection like sunscreen can also irritate the skin barrier of individuals with the condition. Additionally, using gentle moisturizers and cleansers devoid of harsh ingredients, along with opting for noncomedogenic skin care products, aids in maintaining skin health and minimizing irritation. Lifestyle changes like shielding the face from harsh environmental elements such as wind and extreme temperatures and limiting spicy foods and alcohol, while actively managing stress through techniques like meditation or yoga can help mitigate symptoms. Engaging in low-intensity exercises can further reduce persistent redness associated with rosacea, providing relief, and improving overall skin condition. Metronidazole and ivermectin are common anti-inflammatory topicals used to treat lesions of rosacea (Rainer, Kang et al. 2017). Topical treatments like metronidazole, azelaic acid, and ivermectin demonstrated notable efficacy compared to a placebo, when addressing papulopustular rosacea symptoms (Rainer, Kang et al. 2017) (See Table 3). 
	Common Topical Therapy for Rosacea

	Therapy
	Usage/Dosage
	Effectiveness

	Metronidazole
	0.75%-1%, up to twice daily
	Papules, pustules, erythema

	Azelaic Acid
	15%-20%, up to twice daily
	Papules, pustules, erythema

	Ivermectin
	1%, once daily
	Papules, pustules

	Benzyl peroxide
	5%, up to twice daily
	Papules, pustules, erythema

	Clindamycin
	1%, up to twice daily
	Papules, pustules

	Tretinoin
	0.025%-0.1%, once nightly
	Papules, pustules, erythema, telangiectasia



Table 3. Common Topical treatments for phenotypic approach of Rosacea.
[bookmark: _Toc171010347]Phenotypic Approach
[bookmark: _Int_LA1KtT88]In the phenotypic approach of rosacea, flushing, transient erythema, persistent erythema, papules or pustules, telangiectasia, phymata, and pain sensations are treated on a first line, second line, and off-label basis (Steinhoff M, & Buddenkotte J Rosacea. Kang S, & Amagai M, & Bruckner A.L., & Enk A.H., & Margolis D.J., & McMichael A.J., & Orringer J.S.(Eds.) 2019). First line treatment varies based on clinical severity and origin of pathophysiology on a case-by-case basis. A recent patho mechanism therapy utilizes Azelaic acid. Azelaic acid is known primarily for its antimicrobial properties, manipulation of keratin production and its ability to reduce inflammation. Common usage ranges of Azelaic acid on the market are 15% and 20%. For rosacea, azelaic acid is commonly used to address hyperpigmentation caused by acne and inflammation (Woolery-Lloyd, Keri et al. 2013). Azelaic acid has demonstrated anti-inflammatory properties by inhibiting the production of inflammatory mediators, such as interleukin-8 (IL-8) and tumor necrosis factor-alpha (TNF-alpha). By reducing inflammation, it helps to alleviate redness and swelling associated with rosacea. Azelaic acid has mild antimicrobial effects against various microorganisms, including Propionibacterium acnes and Staphylococcus epidermidis, which are commonly found in rosacea-affected skin. In skin of color research also proves the treatment to be effective. There is concern about the strength of azelaic acid and its ability to burn and sting the skin. It is noted that hyperpigmentation and hypopigmentation are not reported.
[bookmark: _Toc171010348]Thermal Therapy
Understanding how temperature variations and thermal therapies fit into the therapy of rosacea is part of thermal analysis. Using lasers and light-based therapies is one of the most popular thermal therapies for treating rosacea. The common application of pulsed dye lasers (PDL) is to target blood vessels and lessen the redness and inflammation linked to rosacea (Bowe et al., 2011; National Rosacea Society, 2023). In skin of color, light and laser therapies are recommended however, they pose a risk of dyspigmentation and melanin chromaphore (Maliyar, Sonya J Abdulla 2022). Individuals with darker skin possess more labile melanocytes, which are more susceptible to damage. This increases the risk of keloids and scarring (Maliyar, Sonya J Abdulla 2022). It is important people of color seeking thermal analysis treatment understand the risks and seek a professional that understands the complexities and sensitivities of melaninated skin.
[bookmark: _Toc171010349]Recommendations
To minimize the symptoms of rosacea, adopting a gentle and consistent skincare routine is crucial. Cleansing the face twice daily with a mild cleanser using gentle fingertip motions can help reduce irritation. Moisturizing daily is essential for hydrating the skin and improving the efficacy of rosacea treatment, as demonstrated in studies (American Academy of Dermatology Association). Sun protection is paramount year-round, as sun exposure is a common trigger for rosacea flare-ups. Opting for noncomedogenic skin care products can prevent pore-clogging, reducing the likelihood of pimples associated with rosacea (Victorian Dermal Group 2020). Saunas and excessive heat should be avoided to prevent triggering flare-ups. Identifying and avoiding trigger foods, such as spicy foods and alcohol, is recommended. Stress reduction through activities like meditation and yoga can mitigate symptoms, as stress may exacerbate facial redness (Victorian Dermal Group 2020). Opting for low-intensity exercise, avoiding high-intensity activities that may worsen redness, and scrutinizing product ingredients for common rosacea triggers like menthol and camphor contribute to effective symptom management (Victorian Dermal Group 2020). Additionally, applying a mild, fragrance-free emollient before makeup and using a light, liquid-based foundation can provide a cosmetic solution that minimizes the visual impact of rosacea (American Academy of Dermatology Association 2020). Consistency in these practices can significantly contribute to the overall management of rosacea symptoms. There is limited research and information available addressing treatment of rosacea specific to darker skin types. This should be addressed with new technologies, treatments, and approaches to the condition further exploring the disease and best treatments.
[bookmark: _Toc171010350]Current Research
[bookmark: _Int_r3QeJM79]There is an array of research currently being completed to deepen knowledge of rosacea. Ros-NET, a computer aided rosacea diagnostic tool aims to decrease subjectivity and variability that common diagnostics methods impose. This research is led by Dr. Benjamin Kaffenberger at Ohio State University. A collection of images, clinical findings and demographics are utilized to create a deep learning algorithm focused on rosacea. The images taken by the tool use a natural white light paired with natural facial features to determine facial boundaries and detect rosacea prone areas. The tool has around a 90% accuracy rate which in part is because of the limited functionality of the device. A suggestion to enhance the inclusivity of diagnostic tools like Ros-NET is to account for the diverse manifestations of rosacea in individuals with skin of color. This could involve expanding the dataset used to train deep learning algorithms to include images of rosacea in darker skin tones from diverse populations. At the University of California - Davis, Dr. Mark J Mannis leads research for the glycomics analyses of tear fluid to further diagnostic detection of ocular rosacea. Subtype 4 ocular rosacea, untreated, results in reduced vision. In this research, a sample of tears were collected and analyzed for the presence of oligosaccharides. These oligosaccharides are an indicator and marker for subtype 4 ocular rosacea. Investigating whether the presence of oligosaccharides in tear fluid serves as an indicator for ocular rosacea in diverse populations could provide valuable insights into improving diagnostic accuracy across different skin types.
In many studies available, diagnostic characteristics like flushing, non-transient erythema, inflammatory papules, pustules, and telangiectasia are the common critical criteria for rosacea. The concern with some of these criteria and efficacy in detection of rosacea is that these characteristics are not unique to rosacea. Centrofacial erythema is a sole requisite of rosacea only by severity (J. Tan 2017). However, this criterion falls short for diagnosis in dark skin. To improve detection methods for the disease, additional measures such as confirmatory biopsies should be performed with every diagnosis like dermoscopy, confocal microscopy, and optical coherence tomography. Additional education should be done for all clinical professionals to understand the many presentations of rosacea in diverse cultural groups to improve early detection. Further research of biomarkers that indicate rosacea should be identified and implemented into the diagnosis process, checklist. 
[bookmark: _Toc171010351]Conclusion
[bookmark: _Int_AiD3VUeQ]Current detection methods for rosacea rely on clinical examination, which may be less effective in individuals with skin of color due to variations in symptom presentation and low predictive values for certain features like flushing and erythema. To recommend improved methods, it should be clear what symptoms to look for and how they will present for darker skin tones. Rosacea in darker skin tends to appear purple, violet or darker brown (H 2023). Understanding that Rosacea appears differently in people of color provides a visual detection that could set the condition apart from others within the darker skin type. Improvements in detection methods include the development of computer-aided diagnostic tools and the exploration of biomarkers such as oligosaccharides in tear fluid. Additionally, there is a need for increased education among healthcare professionals to recognize the diverse presentations of rosacea. Further research should focus on developing more inclusive and reliable detection methods tailored to diverse skin types, improving understanding of rosacea's pathophysiology in individuals with skin of color, and assessing the efficacy and compatibility of existing treatments in diverse populations. Additionally, exploring the role of biomarkers and innovative diagnostic tools could enhance early detection and management strategies for rosacea across different racial and ethnic groups.
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