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Abstract: Rosacea is a common chronic inflammatory skin condition. It mainly affects the cheeks,
nose, chin, and forehead, causing flushing or transient erythema, persistent erythema, phymatous
changes, papules, pustules, and telangiectasias, and the eyes may also be affected by rosacea. Rosacea
is more common in women than in men and can start at any age. Rosacea affects both fair-skinned
and darker-skinned people. Physical changes in the face due to rosacea can cause embarrassment,
leading to reduced quality of life and self-esteem. Rosacea has several triggers, and its pathogenesis
involves multiple factors, which means there are several treatment options, and these options can be
combined. A patient’s clinical findings and symptoms will help a doctor to diagnose and classify the
condition. Treatment options may include lifestyle changes, topical medications, systemic antibiotics
and light-based therapy. The best approach is to tailor the treatment to the individual’s condition and
preferences. The aim of treatment is to manage symptoms and prevent the progression of the disease.
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1. Introduction

Rosacea is a chronic inflammatory skin condition characterized by skin sensitivity,
flushing, centrofacial erythema, papules, and pustules. The condition has been classified
into four subtypes: erythematotelangiectatic, papulopustular, phymatous, and ocular
rosacea [1]. Rosacea mainly affects the cheeks, nose, chin, and forehead. It causes flushing
or transient erythema, persistent erythema, phymatous changes, papules, pustules, and
telangiectasias. The eyes can also be affected by rosacea, causing conditions such as
conjunctivitis, blepharitis, and, rarely, keratitis [2]. Physical changes in the face due to
rosacea can cause embarrassment, leading to reduced quality of life and self-esteem [1,3].

2. Epidemiology of Rosacea

Rosacea is one of the most common chronic inflammatory skin conditions for which
patients consult a dermatologist. The prevalence of rosacea in Swedish population is 10%,
while a systematic review found a prevalence of 5.46% in the general adult population [2,4].
It has also been reported that rosacea affects around 16 million Americans [1].

Age-, Gender-, and Race-Specific Differentiations of Rosacea

Rosacea is more common in women than in men and can occur at any age, although it
usually starts after the age of 30 [2]. A systematic review also found that the prevalence
of rosacea was similar in men and women, and predominantly in the 45–60-year age
group [5]. Moreover, phymatous changes, primarily localized in the nose, and referred to
as ‘rhinophyma’, occur more frequently in men [1,3].

Rosacea is observed in fair-skinned patients, but it has also been diagnosed in patients
with skin type IV and above, such as Asian, Latin American, African American, and African
patients [2]. It is possible that darker-skinned patients with skin phototypes V and VI may
not have erythema or telangiectasia, which may remain an underdiagnosed condition
because pigmentation may mask the skin findings [6].
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3. Pathogenesis of Rosacea

The pathogenesis of rosacea is complex and involves a variety of factors that can
trigger both inflammatory and vascular responses [7] (Figure 1).
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3.1. Immunological Factors in Rosacea
3.1.1. Dysregulation of the Innate Immune System

Rosacea skin has higher levels of TLR-2, KLK-5, cathelicidin, and matrix metallopro-
teinases (MMPs) than healthy skin [4]. Toll-like receptors (TLRs) are a subset of pattern
recognition receptors (PRRs) that recognize damage-associated or pathogen-associated
molecular patterns in the skin’s immune system. In particular, TLR-2 is abundant in rosacea
skin and has been found in higher levels than in healthy skin [4,8]. In rosacea patients, ker-
atinocytes produce pro-inflammatory cytokines and chemokines when TLR-2 is activated
by triggering factors, leading to the increased expression of pro-inflammatory cytokine
genes such as IL (interleukin)-8, IL-1b, and TNF (tumor necrosis factor)-α [9]. For instance,
as an exogenous factor, ultraviolet radiation (UV) activates TLR-2 by inducing endoplasmic
reticulum stress. This leads to the production of inflammatory cytokines, which, in turn,
trigger inflammatory responses [4]. Moreover, TLR-2 was found to positively mediate a
pro-inflammatory response following UV-B irradiation in an in vivo study [10].

IL-8 induces neutrophil chemotaxis in the skin, resulting in the release of proteases
such as cathepsin G, elastase, and protease-3 [8]. In addition, IL-b and TNF-α also act
as the angiogenic factor and vascular endothelial growth factor (VEGF) and may cause
the vascular changes seen in rosacea [8,11]. In addition, a study has shown that TLR-2
expression in keratinocytes or TLR-2 ligand exposure induces the production and protease
activity of the serine protease KLK (kallikrein)-5, resulting in cathelicidin activation [4,12].
Cathelicidin, an antimicrobial protein, is found in the lamellar body of keratinocytes and the
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granules of neutrophils. Human-specific cathelicidin is called human cationic antibacterial
protein of 18 kDa (hCAP18), which is the inactive form, and it is cleaved by KLK-5 to the
active peptide form called LL-37 [1,13,14]. LL-37 is an antimicrobial peptide that modifies
host immunity and growth responses by promoting leukocyte chemotaxis and angiogenesis
to rearrange extracellular matrix components. The LL-37 peptide in rosacea skin differs
from healthy skin by having shorter fragment forms [1,14]. These fragments have been
implicated in symptoms characteristic of rosacea, including erythema, vasodilatation,
flushing, and telangiectasia, based on observations in studies of injected mice [15].

MMPs indirectly influence the pathogenesis of rosacea by activating the preproenzyme
form of KLK5 after cleavage with MMP-9. Specifically, MMP-2 and MMP-9 are increased
in the skin of rosacea patients, which could activate KLK5 more and increase LL-37 expres-
sion [1]. A study also suggested that mast cell degranulation in individuals with rosacea
results in increased levels of MMP-9 and LL-37 [14].

3.1.2. Dysregulation of the Adaptive Immune System in Rosacea
T-Cell Mediated Dysregulation

In the pathogenesis of rosacea, pro-inflammatory cytokines and chemokines play
dominant roles in the infiltration of inflammatory cells and trigger immune responses [8].
Among the total T cells in rosacea skin, an increase in CD4+ over CD8+ T cells has been
demonstrated. There was also upregulation in the polarizing Th1 and Th17 gene sets, as
well as the interferon gamma (IFN-γ) and IL-17A cytokines [16]. Th17 could be responsible
for an effect on LL-37 via the expression of abnormal forms that are seen in rosacea [17].
IL-17 induces angiogenesis through the VEGF pathway and has an effect on the expres-
sion of LL-37 [11,17]. Thus, the connection between cytokines and chemokines with the
Th1/Th17 pathways and rosacea supports the notion of their association [8].

One study found that the levels of regulatory T cells in rosacea, which are CD4+CD25+
regulatory T cells, were higher in rosacea than in lupus erythematosus. This was a support-
ive finding, as immune cells in rosacea are more likely to maintain immunological tolerance
than in other autoimmune diseases [8,18]. A neutrophil chemotactic factor, CXCL8, was
found to be increased in rosacea via the upregulation of its mRNA gene modification.
CXCL1, CXCL2, CXCL5, and CXCL6 were also upregulated in rosacea patients. These
chemokines in rosacea have angiogenic properties that also attract neutrophils and TH17
cells [16].

A recent case report of rosacea-like erythematous papulopustules on the face associ-
ated with the COVID-19 vaccine also supports the idea that the adaptive immune system
is involved in rosacea. In this report, a single case was associated with the Vaxzevria
(AstraZeneca) COVID-19 vaccine, while the other was related to the Pfizer-BioNTech
COVID-19 vaccine. It has been suggested that the pathogenesis could involve elevated
levels of cutaneous chemokines like CCL2, CCL5, and CXCL10, inducing chemotaxis and
the infiltration of CD4+ T cells, monocytes/macrophages, and polymorphonuclear cells
into the skin [19]. In addition, both vaccines were shown to induce, through different
mechanisms, neutralizing antibodies against the SARS-CoV-2 spike protein and specific
T-cell expansion with the secretion of cytokines such as IFN-γ, IL-2, and IL-10 [19]. Fur-
thermore, the SARS-CoV-2 spike protein encoded by COVID-19 mRNA vaccines induces
IL-1b secretion in macrophages. Moreover, elevated levels of IL-1 and IL-36 trigger an
inflammatory response, leading to pustules in pustular psoriasis [20].

In the study by Salzer et al., erythroid differentiation regulator 1 (Erdr1) was found
to be decreased in rosacea patients compared to the controls, whereas IL-18 was found to
be increased. It was also found that Erdr1 levels were decreased by IL-18 in rosacea [21].
Erdr1 is expressed in normal skin epithelium and may suppress UV-induced oxidative
stress in rosacea by reducing reactive oxygen species (ROS) levels by blocking heat shock
protein 90 [8]. IL-18 regulates the immune response by activating Th1-mediated responses,
as in many other chronic inflammatory diseases, such as psoriasis, atopic dermatitis, and
contact dermatitis, and also downregulates the Erdr1 levels in rosacea [8,21]. Recombinant
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Erdr1 may be beneficial for rosacea patients by reducing UV-induced oxidative stress. In a
mouse model of rosacea, recombinant Erdr1 also suppressed the expression of VEGF and
reduced angiogenesis, giving hope for its use in human rosacea patients [21].

B Cell-Mediated Dysregulation

The relationship between TLRs and B cells involves mechanisms where TLR activation
is necessary for certain antigen-specific antibody responses in B cells, and TLR agonists
stimulate the differentiation of plasma cells from B cells [22]. As in phymatous rosacea,
fibrotic changes in the skin can be stimulated by B cells through the TLR-inducing effect
on fibrogenic cytokines such as IL-6 and TGF-β (transforming growth factor beta) [8].
Furthermore, elevated antinuclear antibody titers are frequently detected in patients with
rosacea, indicating that the involvement of B cells in the pathogenesis of rosacea cannot be
underestimated [8,23].

3.2. Microbiological Factors in Rosacea

Demodex folliculorum is the predominant microbial agent within the skin that is com-
monly associated with the development of rosacea. This saprophytic mite specifically
targets the sebaceous gland area of healthy skin, where it can use epidermal cells and
sebum components as nutrients. Facial skin is particularly rich in sebaceous glands, espe-
cially the nose, cheeks, forehead, and chin [24], and rosacea skin has a higher density of
Demodex mites compared to normal facial skin [25].

High densities of D. folliculorum lead to the release of pro-inflammatory mediators such
as TNF-α, IL-1b, IL-8, and LL-37 into the skin. Specifically, the exoskeleton of Demodex con-
tains chitin, a type of polysaccharide that causes the activation of TLR-2 on keratinocytes,
leading to protease activity [26]. In addition, D. folliculorum was found to be associated
with IL-17, which plays a role in papulopustular rosacea by inducing angiogenesis, telang-
iectasia, inflammation, and pustules [25]. NLRP3 gene expression is also stimulated by
mite colonization, leading to the production of IL-1b and the initiation of the inflammatory
process [25,26]. Moreover, Demodex mites at high densities have also been shown to affect
tissue compatibility. These are HLA Cw2 and Cw4 and cause leukocytes to undergo apop-
tosis. Immunosuppression in the mite’s microenvironment allows it to survive easily in the
skin [27].

Staphylococcus epidermidis is the predominant bacteria that is commensal on the skin [4].
It may play an important role in the pathogenesis of pustular and ocular rosacea, as
suggested by a study that isolated S. epidermidis from the pustules and eyelid margins of
rosacea patients [28]. In addition, S. epidermidis antigens are recognized by TLR-2, and the
interaction between S. epidermidis and TLR-2 leads to the initiation of an immune response.
Both S. epidermidis and TLR-2 induce the expression of AMPs [1].

Another bacterial pathogen associated with rosacea, isolated from the Demodex mite,
is Bacillus oleronius. It is a Gram-negative, endospore-forming, non-motile bacteria. One
study found that patients with erythematous rosacea had higher levels of mononuclear
cells to B. oleronius bacterial antigens in their peripheral blood [29].

Helicobacter pylori, a Gram-negative bacteria found in the gastric mucosa, is the other
microbiological agent that causes rosacea symptoms [30]. H. pylori may have an effect on
increasing ROS, leading to inflammation in the gut. Among the ROS, nitric oxide (NO) can
specifically induce intestinal mucosal inflammation and alter physiological processes in
the skin, including vasodilation, inflammation, and immunomodulation, leading to the
clinical manifestations of flushing and erythema associated with rosacea [31,32]. Through
its cytotoxin-associated gene-A (cagA)-encoded cytotoxin, H. pylori is thought to play a
role in inducing the production of pro-inflammatory cytokines such as TNF- α and IL-8,
leading to gastric mucosal inflammation and the clinical manifestation of rosacea [31,32].

It is demonstrated in the literature that the intestinal microbial population may have an
immunomodulatory effect upon non-gastrointestinal systems including the skin. Changes
in diet, such as the consumption of alcohol or high glycemic index foods, may cause a shift
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in the microbiome from a healthy to an unhealthy population [33,34]. The prevalence of
small intestinal bacterial overgrowth (SIBO) was found to be significantly higher in rosacea
patients than in the controls [35]. SIBO may also be linked to the activation of TNF-α,
leading to inflammatory symptoms of rosacea [36].

3.3. Genetic Factors in Rosacea

Genetic factors are implicated in the manifestation of rosacea based on familial studies.
In a cohort study evaluating the severity of rosacea between heterozygous and monozygous
twins, monozygous twins showed greater severity and a higher correlation with clinical
rosacea scores than heterozygous twins [37].

Fifteen genes were found to be over-expressed in the erythematotelangiectatic rosacea
group compared to the healthy control group. The genes involved in neuropeptides are
CALCA, CALCB, and TAC1. The genes involved in matrix remodeling are COL1, COL3,
CYR61, DCN, MMP1, MMP3, and MMP9. Innate Immunity-Related Genes are DEFA1,
CXCL12, and CXCR4. The genes involved in inflammatory markers are IL-12 B and
TNFA [38]. Mainly, the TAC1, MMP9, TNFA, and CXCL12 genes have been identified as
significant, as they encode substances such as P, MMPs, TNF-α, and chemoattractants for
mast cells [39].

A single nucleotide polymorphism (SNP) that is significantly associated with rosacea
was identified on chromosome 6 (rs763035), which is intergenic and located upstream of
the HLA class II histocompatibility antigen, DR alpha chain (HLA-DRA), and is located
downstream of butyrophilin-like 2 (BTNL2), which is mainly associated with histocompati-
bility complex class I. Both genes were linked through the coexpression of HLA-DRB5 and
CIITA (class II, major histocompatibility complex, transactivator) [40]. In papulopustular
rosacea, skin immunohistochemistry and an HLA allele analysis demonstrated the presence
of HLA-DRA in epidermal Langerhans cells, the presence of BTNL2 in keratinocytes, and
the presence both genes in the perifollicular inflammatory infiltrate and endothelial cells.
A further genetic analysis of HLA alleles defined three significant replication groups related
to rosacea: HLA-DRB1*03:01, HLA-DQB1*02:01, and HLADQA1*05:01. Both of these
replication groups and HLA-DRA play roles in antigen presentation from extracellular
sources, supporting the effects of microbial agents in the pathogenesis of rosacea [40]. In ad-
dition, thymic stromal lymphopoietin (TSLP) gene expression was found to be significantly
decreased in papulopustular rosacea, resulting in the recruitment of dendritic cells and
pathogenic Th17 cells with an inflammatory microenvironment of IL-17 and IFN-γ [39,41].

Rosacea has been shown to have several risk gene loci associated with autoimmune
diseases. The HLA allele of the DRB1*03:01-DQB1*02:01-DQA1*05:01 haplotype is linked
to rosacea [39]. Such an association between rosacea and these HLA alleles, along with
HLA-DRA, supports the idea that extracellular antigen presentation plays a role in the
etiology of the condition, suggesting a link with various microbiological agents. Moreover,
HLADRB1*03:01 is specifically associated with retinopathy in type 1 diabetes and may
be related to the abnormal proliferation of blood vessels observed in the ocular findings
of rosacea [39,40]. Other genetic loci of shared autoimmune diseases include HLA-DRA,
which is associated with rosacea and multiple sclerosis, and BTNL2, which is associated
with rosacea, inflammatory bowel disease, and sarcoidosis [40,42,43].

3.4. Neurovascular Factors in Rosacea

Facial skin vascular activity is controlled by neuronal (sympathetic, parasympathetic,
and nociceptive) and non-neuronal (local inflammatory) mechanisms [44]. Transient recep-
tor potential (TRP) channels activate sensory nerve endings to release vasoactive neuropep-
tides. There are two calcium channel members of the TRP family called transient receptor
potential vanilloid 1 (TRPV1) and ankyrin 1 (TRPA1). TRPV1 and TRPA1 are triggered by
spices, alcohol, and temperature changes. In rosacea, these two channels coordinate the
inflammatory response by inducing depolarization, which leads to the release of neuropep-
tides such as the pituitary adenylate cyclase-activated polypeptide (PACAP), substance P,
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and the calcitonin gene-related peptide (CGRP) [44]. In addition, local mediators trigger
the release of vasodilator neuropeptides, CGRP, and substance P by activating skin noci-
ceptors through an axon reflex effect [45]. Moreover, PACAP, substance P, and CGRP cause
inflammatory responses by activating mast cells, macrophages, neutrophils, and T cells [44].
Heat can also activate both TRPV1 and TRPA1 in individuals suffering from rosacea. An
increased and prolonged expression of TRPs in rosacea patients results in facial flushing,
the dysregulation of the vascularity, and neurogenic leukocyte inflammation [8].

3.5. Dietary Factors in Rosacea

Keratinocytes and sensory nerves have TRPV1 receptors that are activated by sub-
stances such as alcohol, spicy foods, hot beverages, vanilla, cinnamon, caffeine, and UV
radiation. These channels release substance P and CGRP, resulting in an inflammatory
response, dilated arterioles, flushing, and edema in rosacea patients [46]. Alcohol is also
converted into metabolites such as acetaldehyde and acetone. These compounds gener-
ate histamine, which is recognized to affect the dermal vasomotor system, resulting in
flushing [47,48].

It is therefore important to note that the excessive consumption of spices could po-
tentially lead to rosacea flares. Capsaicin from chili peppers and cinnamaldehyde from
cinnamon can activate TRPV1 and TRPA1 receptors, respectively, causing an intense burn-
ing sensation. It has been suggested that spices may activate TRPA1 and TRPV1, resulting
in flushing or burning sensations in rosacea patients. According to studies, the dilated
microvascular structure and increased blood flow intensity in rosacea patients with papules
and pustules may be due to TRPA1 and TRPV1 receptor activation [49].

In contrast to other inflammatory skin diseases such as atopic dermatitis and chronic
urticaria [50,51], the serum vitamin D levels were found to be higher in rosacea patients
compared to the controls [52]. In addition, vitamin D levels are associated with sun
exposure, which is a triggering factor in rosacea [53]. However, another study showed
that the serum vitamin D levels were significantly lower in rosacea patients than in the
controls [54]. Although vitamin D has been demonstrated to enhance TLR-2 and KLK5
mRNA expressions [55] and influence LL-37 pathways that play a role in rosacea [8], larger
epidemiologic studies are needed to prove the association between serum vitamin D levels
and the presence of rosacea [53]. Also, vitamin B12 (riboflavin) was thought to be a potential
critical factor in B complex deficiency, and this deficiency was thought to be associated
with rosacea [56]. Zinc is a known antioxidant and anti-inflammatory trace element that
may play a role in reducing Demodex mites or cutaneous bacteria, which play roles in the
pathogenesis of rosacea [57,58].

In the literature, explanations of caffeine intake and rosacea exacerbation relationships
are limited [56]. In a study, regular coffee consumption was associated with a reduction
in the occurrence of rosacea. This reduction is proportional to the amount of coffee that is
consumed on a daily basis [59]. However, it is thought that the consumption of hot coffee
and hot tea, depending on the heat, may increase vasodilation and sympathetic activation,
resulting in flushing and telangiectasia [56].

3.6. UV Irradiation Factors in Rosacea

The exacerbation of rosacea by sunlight has been linked to the inflammatory effects of
UV radiation on keratinocytes. UV radiation stimulates ROS production in keratinocytes
and activates cellular signaling pathways. UV-A radiation increases MMP-1 levels, and ROS
also increase MMP-2 mRNA levels and suppress the tissue inhibitor of metalloproteinase-
1 (TIMP-1) in human dermal fibroblasts. Thus, ROS cause vascular and dermal matrix
damage by upregulating matrix metalloproteinases [60]. Furthermore, UV radiation in-
duces endoplasmic reticulum stress, leading to the activation of TLR-2 [4]. Specifically, a
study demonstrated the activation of TLR-2 by UV-B radiation [10]. Additionally, another
study suggested that UV-B increases the VEGF and fibroblast growth factor (FGF) levels,
leading to cutaneous angiogenesis and resulting in telangiectasia in rosacea patients [61].
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Consequently, UV-induced increases in ROS and VEGF activity in the skin leads to en-
hanced inflammatory responses and contributes to the degeneration of collagens and matrix
structures in the dermis [60].

3.7. Psychological Stress and Sleep Factors in Rosacea

Psychological factors play roles in rosacea, where emotions of embarrassment or laugh-
ter can initiate flushing [62]. It was shown that rosacea patients had a significantly higher
intensity of stress from critical life situations than the control group, and that the emotional
status of rosacea patients has an impact on their symptoms [63]. Mental stress induces va-
sodilatory activities via sympathetic nerve activity (SSNA) in the skin [64,65]. An elevated
SSNA response was noted in the supraorbital skin of individuals with rosacea following
mental stress [66]. In addition, stress induces cortisol-releasing hormone (CRH) that affects
pro-inflammatory cytokines such as IL-6, IL-8, and IL-18, which regulate mitogen-activated
protein kinase and the nuclear factor κ-light-chain-enhancer of activated B cells (NF-κB)
and induce facial erythema. Additionally, CRH type 2 receptors are primarily expressed in
blood vessels, acting as a direct vasodilator that is observable in rosacea skin [67]. Through
CRH type 1 receptors, CRH induces mast cell degranulation, leading to the release of
multiple vasodilatory mediators including histamine and NO [68]. Psychological stress
in rosacea patients may modulate TLR signaling, induce ROS, and increase antimicrobial
peptide and neuropeptide production, as well as increase other triggering factors such as
UV radiation, heat, cold, spicy foods, and microbial factors [69].

In rosacea patients, the impact on appearance can cause a lack of self-confidence, anxi-
ety, and depression, which can lead to psychological stress and affect sleep quality [70,71].
Poor sleep quality has been linked to the worsening of chronic inflammatory conditions,
including psoriasis [72,73]. Regarding these data in the literature, one study found an
association between poor sleep quality and rosacea, as well as the severity of rosacea [74].
This is because a lack of sleep can increase the expressions of MMP-9, TLR-2, and CAMP,
affecting regional inflammatory factors in the skin [75–77]. In addition, the vascular dys-
regulation of the skin via increased VEGF expression and angiogenesis occurs in response
to poor sleep [74]. Additionally, the investigation of genetic predisposition revealed that
single nucleotide polymorphisms (SNPs) in the HTR2A and ADRB1 genes were correlated
with sleep regulation in individuals affected by rosacea [74].

4. Rosacea Classification

Diagnostic criteria for rosacea have been described as primary and secondary features.
Primary features include flushing (transient erythema), non-transient erythema, papules
and pustules, and telangiectasias. In addition, secondary features may include burning or
stinging, plaques, a dry appearance, edema, ocular manifestations, peripheral location, and
phymatous changes. The presence of ≥1 primary feature is diagnostic, whereas secondary
features are not necessarily present [78].

4.1. Erythematotelangiectatic Rosacea (Subtype 1)

The main features of this subtype are non-transient flushing and central facial edema.
Telengiectasia may be accompanied by primary features, but these are not essential. In
addition, flushing may be seen over the entire face, sparing the periocular and perioral
areas, and the ears, neck, and upper chest may be affected [1,79].

4.2. Papulopustular Rosacea (Subtype 2)

On the central face, there are transient papules and pustules in addition to the ETR
features. These papules and pustules, together with the ETR features, give a characteristic
presentation of the condition [1].
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4.3. Phymatous Rosacea (Subtype 3)

The skin becomes thicker and rougher due to phymatous changes, which mainly affect
the nose. Rhinophyma is caused by an overgrowth of sebaceous glands in the skin of the
nose, resulting in the thickening of the skin and an enlargement of the pores. This makes
the skin appear rougher and thicker than it would normally be. These features can be seen
in any sebaceous region. Phymatous changes can also be caused by a long-term exposure to
ultraviolet radiation, which can stimulate oil production in the skin and further contribute
to skin thickening [1].

4.4. Ocular Rosacea (Subtype 4)

The diagnosis of ocular rosacea depends on the presence of one or more of the follow-
ing symptoms and findings in a patient: a watery or bloodshot appearance (interpalpebral
conjunctival hyperemia), a foreign body sensation, burning or stinging, dryness, itching,
light sensitivity, blurred vision, telangiectasias of the conjunctiva and lid margin, or lid and
periocular erythema. Blepharitis, conjunctivitis, and irregular lid margins may also occur.
Chalasia and sties are also symptoms of ocular rosacea [78].

4.5. Granulomatous Rosacea (Variant)

Granulomatous rosacea is the only type of rosacea that does not have the features of
the other rosacea subtypes. Typical findings in granulomatous rosacea are dense, yellow,
brown, or red papules or nodules on the skin. These lesions may be large and scarring.
Typically, lesions on the cheeks and periorificial areas may also occur on the phyma. The
presence of other rosacea findings is not essential for the diagnosis of granulomatous
rosacea [78].

4.6. Rosacea Fulminans (Variant)

Rosacea fulminans, also referred to as ‘pyoderma faciale’ or ‘rosacea conglobata’,
is a rare disorder that is distinguished by the sudden appearance of inflamed papules,
pustules, nodules, and cysts on the facial area [80]. Rosacea fulminans may have a potential
association with both inflammatory bowel disease and pregnancy [81].

4.7. Neurogenic Rosacea (Subtype)

The etiopathogenesis of rosacea has revealed its association with neurovascular com-
ponents, which have been elucidated in recent years [44]. The term ‘neurogenic rosacea’
refers to an uncommon form that typically presents as intense redness with burning sen-
sations limited to the cheeks, which worsen with the exposure to heat and stress [82,83].
Clinically, patients have reported experiencing burning or tingling sensations, as well as
occasional intense pain. Furthermore, certain patients may encounter exceedingly severe
symptoms that are unresponsive to traditional medication therapies, whether taken orally
or applied topically. For instance, flushing can cause a sensation of warmth and discomfort.
This can evoke adverse connotations for numerous patients, resulting in erythrophobia and
avoidant behaviors [82].

5. Rosacea Treatment

There are many treatment options for rosacea, as well as new emerging modalities
for treatment. Avoiding trigger factors for rosacea can have a beneficial effect. In addition,
the treatment approach should be based on the clinical type and severity of the disease
(Table 1).
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Table 1. Algorithm of treatment options for rosacea types.

Treatment
Options/Types of Rosacea

Topical Systemic (Oral) Devices Injection Other Prevention

Erythematelengiectatic
Rosacea

(subtype 1)

-Alpha-2 adrenergic agonists
(brimonidine, oxymetazoline) -Beta blockers

-IPL *
-Lasers (Nd:YAG †, PDL ‡)
-PDT §

-Botulinum toxin
(intralesional)

-Sunscreen
-Skin care

Papulopustular Rosacea
(subtype 2)

-Azelaic acid
-Ivermectin
-Metronidazole
-Minocycline

-Tetracyclines
-Macrolide
-Isotretinoin
-Metronidazole
-H. pylori eradication

-Lasers (Nd:YAG)
-IPL
-PDT

-Sunscreen
-Skin care

Phymatous Rosacea
(subtype 3)

-Topical retinoids -Doxycycline
-Isotretinoin -Lasers (CO2 Laser) ** -Surgery -Sunscreen

-Skin care

Ocular Rosacea
(subtype 4)

-Topical antibiotics
-Topical steroids
-Cyclosporin ophthalmic solution
-Warm compresses
-Eyelid scrubbing
-Preservative-free artificial tears

-Omega-3 fatty acids
-Doxycycline
-Macrolide

-Surgery -Sunscreen
-Skin care

Granulomatous Rosacea
(variant)

-Azelaic acid
-Ivermectin
-Pimecrolimus

-Tetracyclines
-Macrolide
-İsotretinoin
-Metronidazole
-Dapsone
-Steroids

-Chromophore gel-assisted
phototherapy
-IPL

-Sunscreen
-Skin care

Rosacea Fulminans
(variant)

-İsotretinoin
-Steroids

-Sunscreen
-Skin care

Neurogenic Rosacea
(subtype)

- Beta blockers
-Neuropathic pain medication
(gabapentin, pregabalin)
-Antidepressants (duloxetine)

-Laser treatments
-Consultations with
pain specialists or
psychiatrists

-Sunscreen
-Skin care

* IPL = intense pulsed light, † Nd:YAG = neodymium/yttrium–aluminum–garnet laser, ‡ PDL = pulsed dye laser, § PDT = photodynamic therapy, ** CO2 laser = carbon dioxide laser.
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5.1. Skin Care and General Recommendations

Dermatologists have an important role in educating patients about the importance of
skin care and the avoidance of triggers [84,85]. Protecting and supporting the epidermal
barrier function is critical in rosacea patients. Gentle cleansing and the use of moisturizers
strengthen the epidermal barrier function, and sunscreens provide UV protection [79,86,87].
Despite the lack of randomized trial data, clinical experience supports a number of common
skin care practices [88]. Alcohol, hot beverages, and sun exposure are the main triggers
of rosacea and affect the pathogenesis. The avoidance of triggers and irritant cosmetics
and the usage of sunscreens, especially to prevent UVB, are recommended for rosacea
patients [79,89].

5.2. Treatments for Erythematotelangiectatic Rosacea
5.2.1. Topical Treatment for Erythematotelangiectatic Rosacea

The selective alpha-2 adrenergic agonist 0.5% brimonidine topical gel has significant
vasoconstrictive activity. In a Cochrane meta-analysis, 41% of patients treated with topical
gel 0.5% brimonidine had a significant reduction in erythema compared to 20% of patients
in the placebo control group [90]. After the application of brimonidine to the face, a reduc-
tion in erythema is observed within 30 min, with peaks between 3 and 6 h, and then the
benefit diminishes. The use of brimonidine may also cause immediate erythema, pruritus,
burning, and flushing, as well as rebound erythema [88]. Oxymetazoline hydrochloride
1% cream, an alpha-1 adrenergic agonist and partial alpha-2 adrenergic agonist, approved
by the Food and Drug Administration (FDA) for the treatment of persistent erythema, was
found to be significantly effective in reducing erythema in two randomized controlled
trials [86,90]. Both drugs provide local vasoconstriction but do not reduce telangiectasias
or other symptoms of the disease. Brimonidine also has additional mast cell-mediated
anti-inflammatory properties and acts as a barrier [91,92]. In addition, a study showed
that brimonidine was beneficial against alcohol-induced flushing and provided satisfac-
tion in rosacea patients [93]. Both topical drugs could be used with topical, systemic, or
instrumental therapies for rosacea. Although they are not sufficient for reducing persistent
erythema, vasoconstrictors are a useful adjunctive therapy option in rosacea [79]. In a
single anecdotal study, the topical application of the beta blocker drug timolol displayed a
degree of improvement in erythema. However, the improvement was not statistically sig-
nificant [94]. Topical tranexamic acid, a conventional treatment for melasma, may improve
lesions in rosacea by modifying the immune system and angionesis [81]. Two studies of
topical trenexamic acid for the treatment of erythema and telangiectasia in rosacea patients
showed promising therapeutic effects with a good safety profile [95,96]. In one study, topi-
cal 1-methylnicotinamide, a metabolite of nicotinamide (vitamin B3), 0.25% gel was used to
treat 34 patients with rosacea, including both erythematotelangiectatic and papulopustular
subtypes. Improvement, defined as good or moderate, was seen in 26 patients. One patient
reported skin irritation and withdrew from the study [97].

5.2.2. Systemic Treatment for Erythematotelangiectatic Rosacea

Despite the lack of randomized trials, antihypertensive drugs are the only potentially
effective therapy options for erythema and flushing [90]. Therapeutic options entail the
use of alpha-2 adrenergic agonists, such as clonidine, and beta blockers like propranolol
and carvedilol. Clonidine showed promising potential as a modifier of malar temperature
and circulation, but a small placebo-controlled study failed to show clinical efficacy, also
limited by its side effects [78,88,98]. Rilmenidine, a partial agonist of alpha-1 and alpha-2
adrenergic receptors, has been tried in a single clinical trial, it presented to be active in
some cases of erythema, but the result was not significant [99].
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Propranolol, a non-selective beta blocker, has been shown to reduce flushing by
blocking beta receptors in cutaneous blood vessels. However, it is not recommended
for rosacea because of adverse effects such as hypotension and bradycardia. In one case
report, carvedilol therapy resulted in significant resolution of facial flushing within 2 weeks
without side effects such as hypotension and bradycardia [100]. There are no placebo-
controlled trials in the literature demonstrating the efficacy of beta blocker treatment in
rosacea, yet it remains the most widely used treatment. Beta blocker therapy requires
evaluation by a cardiologist with the performance of an electrocardiogram especially in
patients over 50 years of age. Consequently, combination therapies with beta blockers
accompanied by laser techniques or topical vasoconstrictive therapies may lead to more
long-lasting and significant effect in rosacea [79].

5.2.3. Instrumental Treatment for Erythematotelangiectatic Rosacea

Light therapies and laser treatments, including intense pulsed light (IPL) 500–1200 nm,
pulsed dye laser (PDL) 585–595 nm and long-pulsed neodymium:yttrium-aluminum-garnet
laser (Nd:YAG) 1064 nm are effective treatment modalities for rosacea [101]. IPL generates a
non-coherent light beam within the wavelength range of 500–1200 nm by employing cut-off
filters for vascular lesions, specifically at 515, 550, 560, 570, and 590 nm [101]. In a study
of 102 patients with mild to severe rosacea, IPL therapy was utilized with a 530 nm filter
administered at intervals of one to three weeks and fluences varying from 10–30 J/cm2.
For patients with acneiform breakouts in addition to telangiectasias, a 420 nm filter was
used with fluences of 10–20 J/cm2. The study found that 80% of patients experienced a
reduction in redness, 78% reported an improvement in flushing and skin texture, and 72%
experienced a decrease in acneiform breakouts. No complications or adverse effects were
identified [102]. In a separate study, thirty-four patients underwent treatment using IPL
515–1200 nm along with a 560 nm cut-off filter. The fluence range utilized was 24–32 J/cm2,
and four treatments were administered to the face at 3-week intervals. The study observed
reductions of 39% in erythema on the cheeks and 22% on the chin. The photographic
improvement in redness and visible blood vessels was 46% and 55%, respectively. These
results were maintained for 6 months with only minor side effects [103]. PDL emits light at a
wavelength of 585–595 nm, which corresponds with the absorption peak of oxyhemoglobin
that targets the superficial vessels [101]. In a study, PDL efficiently decreased telangiectasia
in all 11 patients following a solitary treatment, with noteworthy outcomes evident after
6 weeks. Telangiectasia ratings decreased from 2.7 to 2.4 at lower fluences without purpura,
while purpuragenic treatments led to a further decrease to 1.4 from the baseline [104].
Also, PDL has demonstrated comparable efficacy in decreasing symptoms and signs of
rosacea, as observed in a controlled study comparing it to IPL. PDL (non-purpuragenic
fluences: 7 J/cm2, 10 mm spot size, 6-ms pulse duration) and IPL (560 nm filter, pulse
train: 2.4 and 6.0 ms, pulse delay: 15 ms, fluence: 25 J/cm2) were able to significantly
and equally reduce the symptoms as erythema and telangiectasia when compared to the
control group [105]. Although infrequently employed in rosacea treatment, the Nd:YAG
laser (1064 nm) seems to be a secure and efficacious method for dealing with ETR [101]. In
two split-face studies involving 14 patients, the non-purpuragenic 595 nm PDL exhibited
superior efficacy in reducing facial redness in erythematotelangiectatic rosacea patients
compared to the Nd:YAG laser. Nevertheless, Nd:YAG was determined to be a reliable
and harmless treatment for rosacea. There were no noteworthy adverse effects noted.
Additionally, the study has indicated that NdYAG laser is less uncomfortable than PDL
and may offer advantages for patients with darker skin [106].

Another treatment modality for rosacea is photodynamic therapy (PDT), which has
been shown to improve erythema and telangiectasia in small series when used in conjunc-
tion with lasers and light therapies [107]. A total of 30 patients diagnosed with erythema-
totelangiectatic and papulopustular rosacea were included in a retrospective study. These
patients underwent a total of 39 treatments as part of various combinations involving blue
light + PDL, blue light + IPL, blue light + PDL + IPL, or blue light + red light + PDL + IPL.
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Laser and light sources were utilized in a sequential manner with ALA (aminolevulinic
acid) 20% serving as the photosensitizer. Treatment consisted of red light (630 nm, 37 J/cm2,
8 min), blue light (417 nm, 10 J/cm2, 15 min), PDL (5–15 J/cm2, 0.5–40 ms), and IPL (560 nm
cutoff filter, 15–22 J/cm2, 3.5–4 ms). The improvement of rosacea was mild to moderate,
while that of skin quality was moderate to good. The authors observed no noteworthy
difference in improvement among patient groups [108]. Even the clear effect of PDT on
reducing telengiectasia, results are shown to be transient [79]. On the other hand, it is
crucial to select the proper parameters in studies of laser and light-based therapies, as high
levels of photodynamic therapy may induce a worsening of rosacea [109].

Nevertheless, based primarily on observational studies, laser treatments are practically
effective on erythema and telangiectasia, and no other laser method seems to be superior
to another. Although a reduction in flushing in rosacea patients has been observed by
clinicians, there is no significant result of reducing the number and duration of flushing
by using laser or IPL methods. However, the shrinkage of the vessels by these treatment
methods led us to assume that they are beneficial for the symptoms of flushing by reducing
the number of attacks [79].

5.2.4. Injection Treatment for Erythematotelangiectatic Rosacea

Botulinum toxin appears to be an injectable method for rosacea patients, but studies
are small groups and case reports. A double-blind, placebo-controlled, split-face study
showed a significant decrease in the erythema index in the group treated with botulinum
toxin. In this study, fifteen units of botulinum toxin were intradermally injected into one
cheek, while the other cheek received a placebo injection with normal saline. Injections
were administered at 1 cm intervals, with a volume of 0.05 mL at every point (30 points)
within a 5 cm wide and 6 cm long section of the cheek, following a grid pattern [110]. A case
report also demonstrated that intradermal botulinum toxin injections significantly reduced
erythema, edema, telangiectasias, and flushing. In this report, botulinum toxin was diluted
to a concentration of 10 units/mL and administered intradermally in the hypervascular and
telangiectatic centrofacial area as 0.05 mL microdroplet injections, spaced 0.5 cm apart [111].

Erenumab represents a promising therapeutic alternative as it is a human monoclonal
antibody that binds to the calcitonin gene-related peptide (CGRP) receptor. An open-label
phase II study is underway to assess the effectiveness and tolerability of subcutaneously
administering 140 mg of erenumab (AMG 334) every 4 weeks for persistent flushing and
redness [112].

5.3. Treatments for Papulopustular Rosacea
5.3.1. Topical Treatment for Papulopustular Rosacea

For the treatment of papules and pustules, recommended therapies include topical
azelaic acid and topical ivermectin (high-certainty evidence), and topical metronidazole
and topical minocycline (moderate-certainty evidence) [90]. In addition, a systematic
review and meta-analysis demonstrated that topical ivermectin is the most effective topical
treatment for papulopustular rosacea and provides the greatest psychological benefit to
these patients [113]. Topical ivermectin is effective in clearing almost all papules and
pustules, especially in moderate to severe rosacea [114].

Two phase 3 randomized clinical trials involving 751 and 771 participants, respectively,
evaluated the use of minocycline foam for the treatment of moderate to severe papulopus-
tular rosacea. The trials found the foam to be effective and safe [115]. In addition, topical
minocycline 3% gel was shown to significantly reduce inflammatory lesions compared with
the placebo in patients with papulopustular rosacea in a prospective, 12-week, double-blind
study involving 270 patients [116].
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Topical treatment with benzyl benzoate (+crotamiton) normalized Demodex densities
in a study of 344 patients, with symptoms disappearing in more than 80%, particularly in
patients with good compliance [117]. In a retrospective study of 394 patients, consisting of
117 patients with rosacea and 277 patients with demodicosis, topical treatment with benzyl
benzoate (+crotamiton) yielded similar results across all patient cohorts. The treatment
proved to be effective in 46% of patients, with a curative rate of 20%. Higher dose regimens
exhibited greater effectiveness compared to lower dose ones [118].

A study involving six women diagnosed with papulopustular rosacea or rosacea
with irritant contact dermatitis found that soaking in a solution of tranexamic acid signifi-
cantly reduced erythema, as well as decreased itching, flushing, and burning, without any
reported side effects [119].

5.3.2. Systemic Treatment for Papulopustular Rosacea

Systemic oral treatments are recommended in the management of moderate to severe
papulopustular rosacea [120]. Doxycycline modified-release treatment at 40 mg, as well
as isotretinoin and minocycline, which have demonstrated moderate-certainty evidence,
should be considered as potential interventions for reducing papules and pustules, accord-
ing to the updated systematic review on treatments for rosacea [90]. Doxycycline is an
effective drug in the tetracycline antibacterial group for papulopustular rosacea. It can be
given as a low dose of 40 mg daily for prolonged periods. In severe cases, doxycycline
could be used at 200 mg/day for 4 weeks with a tapering regimen [121,122]. Isotretinoin at
a low dose of 0.3 mg/kg reduces inflammation in rosacea subtype 2 [123].

Metronidazole, azithromycin, and clarithromycin are other systemic antibiotic options.
In addition, ivermectin may be considered as an antiparasitic therapy for papulopustular
rosacea [120]. Studies on the efficacy of zinc sulfate treatment for rosacea have yielded
conflicting results. One study conducted on 25 patients indicated that taking 100 mg of zinc
sulfate three times a day is a highly effective treatment, as it led to significant improvements
in rosacea severity scores [124]. However, a randomized double-blind study found no
significant difference in rosacea improvement between those who were administered oral
zinc sulfate at a dosage of 220 mg twice a day and those who were given a placebo [125].

Hydroxychloroquine (HCQ) displays potential as a viable treatment alternative for
patients affected by rosacea [81]. In a study, the results indicated that HCQ can partially
reduce the mast cell-associated inflammatory response in a rosacea-like mouse model,
suggesting its potential as a therapeutic mechanism for rosacea. Furthermore, patients
who underwent HCQ treatment for a duration of eight weeks experienced a decrease in
erythema and inflammation, resulting in positive outcomes [126]. In an 8-week period, a
randomized, double-blind, double-dummy study was conducted with 66 patients. The
total score changes in the Rosacea-Specific Quality of Life instrument in the HCQ group
were found to be noninferior in comparison to the doxycycline group. In addition, the HCQ
group reported excellent improvement rates in the Clinician’s Erythema Assessment scores
of ‘clear’ or ‘almost clear’, which were nearly equal to those in the doxycycline group [127].

Eliminating small intestine bacterial overgrowth (SIBO) using rifaximin resulted in
an almost complete or complete control of papulopustular rosacea, and these outcomes re-
mained consistent for a minimum of 9 months. Objective assessments suggest a substantial
improvement [35]. In a separate study, patients with rosacea and SIBO who underwent
successful eradication therapy were able to remain symptom-free from rosacea for up to
three years during the follow-up [128]. In a clinical trial, individuals with rosacea and
H. pylori infection were administered H. pylori eradication therapy. Subsequently, the grad-
ing score for rosacea decreased dramatically, indicating that the elimination of H. pylori
in individuals with rosacea can alleviate symptoms [129]. One review suggested that all
patients with rosacea should be tested for H. pylori and treated if positive, as this may lead
to improved outcomes [30].
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5.3.3. Instrumental Treatment for Papulopustular Rosacea

IPL treatment, using a 420 nm filter and fluences ranging from 10 to 20 J/cm2, ef-
fectively reduced acneiform breakouts by 72% [102]. An Nd: YAG (1064 nm) laser has
proven to be effective in treating papulopustular lesions of rosacea in an open clinical
trial, especially in cases where traditional therapy has failed [120]. PDT, such as in the
case of erythematotelangiectatic rosacea, has demonstrated a decrease in symptoms for
papulopustular rosacea [108].

5.3.4. Injection Treatment for Papulopustular Rosacea

Injection therapy using IL-17 inhibitors has recently been utilized in subcutaneous
injections for the treatment of rosacea. In a preliminary non-blinded study initiated by the
investigator in which 20 patients were given secukinumab (300 mg per week for 5 weeks
and then once a month for 2 months), noteworthy decreases in both the papules and the
global severity score were observed. However, at least one infection was experienced by
39% of the patients in this study who received a minimum of one dose [130].

5.4. Treatments for Phymatous Rosacea

Before selecting the phyma treatment, it is necessary to evaluate whether the rosacea
is inflamed or noninflamed, according to the latest update for rosacea treatment issued by
the global Rosacea Consensus (ROSCO) panel. For inflamed phyma, it is recommended
to undergo treatment with topical retinoids, oral doxycycline, and oral isotretinoin. On
the other hand, for noninflamed phyma or fibrotic phyma, the recommended methods
are instrumental or surgical therapies [85]. A recent report in the literature showcased the
efficacy of CO2 laser ablation in treating rhinophyma in a patient, yielding positive results.
In a recent retrospective study involving 28 patients, it was recommended that after-shave
excision of rhinophyma be complemented with the use of a porcine extracellular matrix.
This treatment was found to decrease the number of dressing changes needed and reduce
the time to achieve re-epithelialization [131].

When medical treatments prove to be unsatisfactory, a range of surgical techniques
can be helpful in treating phymatous rosacea. Scalpel or razor blade excision, in the form
of a partial excision (superficial decortication) of hypertrophic tissue to allow for the re-
epithelialization of pilosebaceous tissue, is a fast and effective cosmetic procedure with
satisfactory results. Additionally, dermabrasion is primarily employed as a supplementary
treatment to other modalities. Also, electrosurgery and electrocautery are surgical tech-
niques, in which an electrosurgical current is applied, that could be used for phymatous
rosacea [132].

5.5. Treatments for Ocular Rosacea

Recommendations for the treatment of ocular rosacea include a combination of eyelid
hygiene and the systemic administration of tetracycline drugs, as suggested in an inter-
disciplinary review [133]. Therapeutic options comprise oral omega-3 fatty acids with
moderate-certainty evidence, cyclosporin ophthalmic emulsion, and doxycycline with low-
certainty evidence [90]. Pediatric patients with ocular rosacea received treatment consisting
of warm compresses, eyelid scrubbing, preservative-free artificial tears, topical antibiotics,
topical steroids, topical cyclosporine, oral doxycycline, azithromycin, and erythromycin
suspension in a published study [134]. During a clinical observation, the utilization of
intense pulsed light (IPL) with proper eye shield usage to protect the eyes aided in the
reduction in dry eye symptoms for patients with rosacea after undergoing treatment for
periocular facial skin [135]. An enhanced water-soluble silver (I) compound of metronida-
zole was found to relieve ocular rosacea symptoms in three patients experiencing severe
cases [136]. Surgery, such as blepharoplasty, may be required in severe cases [120].
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5.6. Treatments for Granulomatous Rosacea

Granulomatous rosacea has a chronic and challenging course to treat. It is difficult to
manage with currently available therapeutic agents, making it a continuing challenge for
dermatologists. Treatment modalities are presented in case reports and case series within
the literature [81]. Topical treatments like pimecrolimus cream, azelaic acid gel, and topical
ivermectin have been proven to be effective. Systemic oral therapies like minocycline,
dapsone, doxycycline, metronidazole, steroids, and isotretinoin have also shown efficacy in
treating granulomatous rosacea. The treatment for papulopustular rosacea can be used for
granulomatous rosacea in practice. Moreover, chromophore gel-assisted phototherapy and
intense pulsed light (IPL) treatments have been successful [81,120].

5.7. Treatments for Rosacea Fulminans

A comprehensive review indicates that rosacea fulminans would benefit from sys-
temic corticosteroids and/or isotretinoin treatment to enhance symptoms and reduce
scarring [80]. During systemic oral steroid treatment, to prevent relapses following steroid
treatment cessation, it is recommended to undergo a regimen of oral prednisone at a dose of
40–60 mg/day, accompanied by a low-dose of isotretinoin 2 weeks later. The steroid taper
should be slow while continuing isotretinoin until a cumulative dosage of 150 mg/kg is
reached. Isotretinoin dosages ranged between 0.2 and 1.0 mg/kg/day, with 0.5 mg/kg/day
being the most commonly used dosage [80].

5.8. Treatments for Neurogenic Rosacea

Clinical trials have not shown any therapeutic approaches to be effective in the treat-
ment of neurogenic rosacea. Depending on specific symptoms, individualized treatment
options may be necessary, such as beta blockers, neuropathic pain medication, laser treat-
ments, or medical treatments for rosacea [79]. There are also unconventional treatments
available for neuropathic pain, including gabapentin, pregabalin, and pain-modifying
antidepressants such as duloxetine for neurogenic rosacea [82,83]. Psychiatric care or psy-
chotherapy may be beneficial in certain cases. Dermatologists should refer patients who
are unresponsive to conventional treatments to pain specialists or psychiatrists [79].

6. Conclusions

Rosacea is a chronic and multifactorial disease with various factors contributing to
its pathogenesis. Genetic factors, along with other triggering factors such as microbial
elements, UV exposure, diet, neurovascular factors, and stress, as well as immune dysregu-
lation, have been linked to rosacea. In addition to triggering factors, the dysfunctionality
of TLR-2, KLK-5, and cathelicidine results in the dysregulation of the adaptive and innate
immune system. Induced cytokines and signaling factors culminate in inflammation, angio-
genesis, vasodilation, and fibrotic changes (Figure 2). The clinical findings and symptoms
of patients help the clinician to diagnose and classify the disease. While conventional
therapies and the avoidance of triggers can help to reduce the symptoms of rosacea, there
are also new treatment options that aim to target the pathogenesis of the disease. It is
crucial for clinicians to establish measurable clinical outcomes for patients with rosacea to
administer suitable treatments.
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Figure 2. Diagram illustrating the pathogenetic mechanisms of rosacea. Rosacea skin exhibits elevated
levels of TLR-2, KLK-5, cathelicidin, and MMPs. The activation of TLR-2 by Demodex, as well as the
interaction between S. epidermidis and TLR-2, initiates an immune response. Additionally, exposure
to UV-B radiation can activate TLR-2, which then triggers inflammatory responses. TLR-2 induces
the production and protease activity of serine protease KLK-5, which results in cathelicidin activation.
The inactive form of human-specific cathelicidine is hCAP18, which is cleaved by KLK-5 to form the
active peptide, LL-37. LL-37 promotes erythema, vasodilation, flushing, and telangiectasia. CXCL1,
CXCL2, CXCL5, CXCL6, and CXCL8 are chemotactic factors that are upregulated in rosacea, attracting
TH17 cells. Additionally, TH17 and IL-17 play roles in inducing the expression of LL-37. When
triggered by external stimuli, TLR-2 activation enhances the expression of pro-inflammatory cytokine
genes like IL-8, IL-1b, and TNF-α. Helicobacter pylori induces the production of pro-inflammatory
cytokines such as TNF-α and IL-8, leading to inflammation. TLRs lead to the differentiation of
B cells into plasma cells that generate fibrogenic cytokines, including IL-6 and TGF-β. UV radiation
stimulates the production of ROS. UV-A radiation increases MMP-1 levels, and ROS also increase
MMP-2 levels. Alcohol, hot beverages, capsaicin, cinnamaldehyde, and spices trigger TRPV1 and
TRPA1 receptors. These channels release substance P and CGRP, leading to an inflammatory response
and vasodilatation. PACAP, substance P, and CGRP initiate an inflammatory response through
the activation of mast cells. Mast cell degranulation leads to elevated MMP-9 and LL-37 levels.
Stress causes the release of CRH, which, in turn, causes mast cell degranulation. This leads to the
release of several vasodilatory mediators such as histamine and NO. Abbreviations: TLR, Toll-like
receptor; KLK-5, kallikrein-5; MMP, matrix metalloproteinase; TNF-a, tumor necrosis factor alfa;
TRPV1, transient receptor potential vanilloid 1; TRPA1, transient receptor potential ankyrin 1; PACAP,
pituitary adenylate cyclase-activated polypeptide; CGRP, calcitonin gene-related peptide; TGF-β,
transforming growth factor beta; ROS, reactive oxygen species; CRH, corticotropin-releasing hormone;
NO, nitric oxide.
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24. Jarmuda, S.; O’Reilly, N.; Żaba, R.; Jakubowicz, O.; Szkaradkiewicz, A.; Kavanagh, K. Potential role of Demodex mites and
bacteria in the induction of rosacea. J. Med. Microbiol. 2012, 61, 1504–1510. [CrossRef] [PubMed]

25. Amir Ali, A.; Vender, R.; Vender, R. The Role of IL-17 in Papulopustular Rosacea and Future Directions. J. Cutan. Med. Surg. 2019,
23, 635–641. [CrossRef] [PubMed]
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