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Rosacea: I. Etiology, pathogenesis, and subtype
classification
Glen H. Crawford, MD,a Michelle T. Pelle, MD,b and William D. James, MDa
Philadelphia, Pennsylvania, and Boston, Massachusetts
Rosacea is one of the most common conditions dermatologists treat. Rosacea is most often characterized by
transient or persistent central facial erythema, visible blood vessels, and often papules and pustules. Based
on patterns of physical findings, rosacea can be classified into 4 broad subtypes: erythematotelangiectatic,
papulopustular, phymatous, and ocular. The cause of rosacea remains somewhat of a mystery. Several
hypotheses have been documented in the literature and include potential roles for vascular abnormalities,
dermal matrix degeneration, environmental factors, and microorganisms such as Demodex folliculorum
and Helicobacter pylori. This article reviews the current literature on rosacea with emphasis placed on the
new classification system and the main pathogenic theories. ( J Am Acad Dermatol 2004;51:327-41.)
Learning objective: At the conclusion of this learning activity, participants should be acquainted with
rosacea’s defining characteristics, the new subtype classification system, and the main theories on
pathogenesis.

R

osacea is a common condition characterized
by transient or persistent central facial erythema, visible blood vessels, and often
papules and pustules. Because the facial skin is the
predominant site of involvement, many patients
sense that rosacea alters their social and professional
interactions, leading to problems on the job, in their
marriage, or in meeting new people. These common
issues have led to the formation of a large active
patient advocacy group, the National Rosacea
Society, which produces newsletters, encourages
research by offering grants, and distributes educational and supportive materials to professionals and
patients.
While therapeutic interventions are expanding
with new light-producing devices and topical remedies, our understanding of the pathophysiology of
rosacea has not progressed substantially. New treatments target empirically the signs and symptoms
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without understanding the mechanism by which
these pathologic processes take place. It is possible
that with renewed interest, funding sources, and
advanced technology, more and better studies to
discover the pathogenesis of rosacea will follow.
However, research into a disease state requires precise definitions and exclusion, and many of the
studies performed so far have been hampered by
a lack of such disease-defining terms. Complicating
the acceptance of any comprehensive set of diagnostic criteria is the fact that there is no benchmark
laboratory test and that patients with rosacea demonstrate a broad spectrum of possible findings. There
has been recognition that some patients’ clinical
pictures are dominated by a certain set of findings,
such as redness and flushing (erythematotelangiectatic rosacea [ETR]), and others’ by papules
and pustules (papulopustular rosacea [PPR]). A few
studies segregate their patients into these 2 subtypes
and have shown divergent results of the factors
investigated. A recent article has helped to better
define and subclassify rosacea into 4 main nosologic
subtypes.1 What follows is a review of the literature
about the pathophysiology of and the treatment
options for rosacea in the context of these recently
designated subtypes.

DEFINITION AND SUBTYPES
The April 2002 issue of this Journal contained an
important article in which members of an expert
committee assembled by the National Rosacea
327

328 Crawford, Pelle, and James

Society reported their conclusions of a meeting designed to standardize diagnostic criteria for rosacea.1
The defining characteristics are a loosely associated
series of signs and symptoms. The presence of
flushing, persistent erythema, telangiectasia, papules,
and pustules in a central facial distribution is certainly
enough to allow even dermatologic neophytes to
recognize the common classic cases; however, this
imprecise clustering of findings does not adequately
set a standard on which future studies of rosacea
should be based. One reason for a lack of precision
may be the desire to account for those patients
whose condition lies apart from the center of the
classic disease spectrum, of which there are a wide
variety of examples.
Rosacea is a disease, however, for which there is
no laboratory benchmark test and for which we are
many years from understanding the basic pathophysiology and etiopathogenesis. Therefore we currently need to explicitly and meticulously define the
condition on the basis of recognizable morphologic
characteristics. The difficulty in interpreting data
from the large body of literature amassed to date is
to some degree a result of such lack of precision in
the past.
The expert panel recognized 4 subtypes of
rosacea. The concept that patients present with
a preponderance of one or a clustering of signs is
most useful. Dermatologists know that some patients
have only persistent erythematous cheeks without
papules and pustules. These patients often are the
same ones who have dramatic histories of flushing to
a wide variety of stimuli, who bitterly complain of
burning and stinging, and who often are intolerant of
topically applied products. Contrast such patients
with the sebaceous-skinned man with many papules,
pustules, and even nodular erythematous lesions,
and a background of central facial erythema. Patients
like him are often not ‘‘flushers and blushers,’’ have
fewer, if any, symptoms of burning and stinging, and
tolerate topical medications better than patients
with ETR.2
These 2 classic subtypes require different therapeutic approaches. Findings of studies of the
pilosebaceous apparatus, cutaneous sensitivity,
sun-induced inflammatory processes, or many other
variables would also be predicted to be quite diverse
between such groups. In experimental studies, the
lumping of patients with various clinical presentations may mask insights into rosacea.
Finally, rosacea has been historically divided into
stages. It is often stated or implied that stages of the
disease evolve from one to another.3-6 The committee did not discuss stages and recognized only one
variant.1 This advance in the classification and def-
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inition of disease will certainly aid in lessening the
confusion in future research and publications about
this subject.

DISEASE DEFINITION
The expert committee stated that the diagnosis of
rosacea requires the presence of one or more of the
following primary features concentrated on the
convex areas of the face: flushing (transient erythema), nontransient erythema, papules and
pustules, and telangiectasia.1 While we agree with
the basic diagnostic criteria presented, we believe
that additional refinements are needed. For instance,
is a history of flushing in a central facial distribution
enough to define rosacea? How long is the transient
erythema of the flush? Are facial papules and
pustules in a central facial distribution characteristic
enough to define rosacea? How long does the nontransient erythema persist? We believe that the most
important finding is persistent erythema of the
central portion of the face lasting for at least 3
months. There is a marked tendency to spare the
periocular skin. We propose this type of erythema to
be the sole requisite criterion for the diagnosis of
rosacea. Flushing, papules, pustules, and telangiectases on the convex surfaces are supportive characteristic findings, but not necessary for diagnosis.
Secondary features include burning or stinging,
edema, plaques, a dry appearance, ocular manifestations, perpheral locations, and phymatous
changes.1 When present, the relative abundance of
these associated findings will dictate the subtype of
disease the patient manifests. As will be discussed in
the next section, subtype designation is of paramount importance because the therapeutic implications are quite different among the subtypes.
Several diseases must not be present: polycythemia vera, connective tissue diseases (lupus
erythematosus, dermatomyositis, and mixed connective tissue disease), carcinoid, and mastocytosis.
Patients who have applied topical steroids to the
central facial convexities over a long period are also
excluded. Rosacea primarily affects the face, so the
presence of extrafacial erythema is generally an
exclusionary sign, with the exception of sites described under each subtype.
A myriad of diseases that cause a red facial
appearance usually are not difficult to discern from
rosacea. Most will fall aside when limitation to specific
sites of the face and chronicity are specified. Patients
with polycythemia vera, connective tissue disease,
carcinoid, or mastocytosis will generally manifest
a variety of systemic symptoms and extrafacial signs
that will lead to the appropriate diagnosis. These
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conditions also have specific laboratory markers that
will confirm the clinical suspicion.
Finally, photosensitivity and allergic contact dermatitis will at times be considerations. The former
will usually affect other sun-exposed sites, such as the
dorsal part of the hands, ears, and neck; phototesting
is the diagnostic test. Allergic contact dermatitis is
itchy, scaly when present for a long period, and often
present either intermittently or at other sites as well.
Patch testing should be employed as a diagnostic test
when itch is a prominent symptom or when allergy to
a topical product occurs as a complication of rosacea
treatment.

ROSACEA SUBTYPES
It is of paramount importance to indicate the
subtype of rosacea that is diagnosed, as there is
a wide spectrum of patients for whom the umbrella
term rosacea is commonly rendered. The classic
patient at the midpoint of the spectrum—Wilkin’s
typological center—is easily recognized.5 It is likely
that this epicenter was what originally separated
rosacea most easily from other diseases. However,
manifestations of rosacea are protean, involve
multiple associated signs and symptoms, and are
often modified by therapeutic intervention. Consequently, the red-faced patients who present to the
dermatologist with manifestations outside this ‘‘nodal
center’’ comprise a large portion of the patients
currently being studied and designated as having
rosacea.
The simple diagnosis of rosacea without the
appended subtype may be viewed as akin to the
diagnosis of alopecia without the appropriate designator. Certainly alopecia areata differs in presentation,
pathophysiology, and therapeutic options from androgenetic alopecia. Likewise, the patient with sebaceous, thickened skin whose face is dull red and
studded with papules, pustules, and nodulocystic
lesions is quite different from the thin-skinned bright
pink-faced patient who complains bitterly of burning
and stinging. We believe the difference is likely to be
reflective of varying pathophysiologic mechanisms
also. Certainly these divergent conditions require
alternate therapeutic approaches, as suggested by
Dahl in the differential treatment recommendations
for pustules versus telangiectases.7
Some authors have theorized that rosacea progresses from one stage to another.3-6 The expert
committee’s recent report did not include this notion.1 A progression from one subtype to another
probably does not take place, except perhaps in the
cases of severe papulopustular or glandular rosacea
that eventuate into phymatous forms.
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Erythematotelangiectatic type (ETR)
The flushing that rosacea patients experience is
prolonged. Many people without rosacea experience
evanescent flushing in response to embarrassment,
exercise, or hot environments.8 The flushing of
rosacea, however, is not the evanescent several
seconds to few minutes of pinkness that is commonly
experienced. Usually rosacea patients describe their
flushing to last longer than 10 minutes. Such a prolonged vasomotor reaction may help in differentiating physiologic flushing from that seen in rosacea
patients. The central portion of the face is generally
the site of the most intense color,9 but the redness
may also involve the peripheral portion of the face,
the ears, the neck, or the upper part of the chest.10
There is characteristic sparing of the periocular skin.
The stimuli that bring on such flushing may be
acutely felt emotional stress, hot drinks,11 alcohol,12
spicy foods,8 exercise, cold or hot weather, or
hot baths or showers.13 At times the episodes are
without known stimuli. Often a burning or stinging
sensation accompanies the flush of rosacea; however, sweating, light-headedness, or palpitations
do not.
Patients with ETR (Fig 1) have a lower threshold
for irritation from topically applied substances.2
They experience stinging and burning that can
be quite severe. Topically applied products may
exacerbate these symptoms. They describe itch in
response to sunscreens, cosmetics, and medicaments
meant to alleviate the redness. Patients in whom itch
is a prominent symptom deserve patch testing. Those
who complain of acute sun-induced symptoms likewise deserve phototesting and photopatch testing;
however, results usually prove negative. The skin is
usually fine in texture without a sebaceous quality or
oiliness that better characterizes the other subtypes.
At times roughness and scaling are seen in the
affected sites, probably reflecting a chronic, lowgrade dermatitis.7 There is usually no history of
acne.4
Papulopustular rosacea (PPR)
Patients with PPR (also known as classic rosacea,
pink papular rosacea, and typologic center disease)
present with a strikingly red central portion of the
face but have persistent or episodic inflammation
characterized by small papules that may be
surmounted by pinpoint pustules (Fig 2). Edema
may accompany such episodes but is frequently
subtle in its expression.14,15 There is almost universal
sparing of the periocular skin, which contrasts strikingly with the intense redness at adjacent sites. A
history of flushing is often present; however, this
symptom is usually milder than that experienced in
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Fig 1. Erythematotelangiectatic subtype. (From Plewig G,
Kligman AM. Acne and rosacea, 3rd ed. Berlin: SpringerVerlag, 2000. p. 471; used with permission.)

patients with ETR. Irritation from external stimuli is
also not as constant a feature2; thus scaling and
roughness are often absent. These patients are most
often women in midlife.4 Telangiectases are often
subtly present but may be obscured by the generally
erythematous background.
The episodes of inflammation may lead to chronic
edema. The presence of the more dramatic manifestation of solid facial edema and phymatous changes
can occur in men with this subtype of disease but are
distinctly rare in women.16,17 The reasons these
problems tend to be less common in women are
unknown but may relate to hormonal influences,
earlier therapy that prevents repeated insults, or
other, unknown factors.

Phymatous rosacea
The expert committee designated phymatous
rosacea as one of the 4 rosacea subtypes.1 Phymata
include marked skin thickening and irregular surface
nodularities, and can occur on the nose
(rhinophyma; Fig 3), chin (gnathophyma), forehead
(metophyma), one or both ears (otophyma), and
eyelids (blepharophyma).18 Four variants of
rhinophyma (glandular, fibrous, fibroangiomatous,
actinic) can be recognized clinically and have distinct
histopathologic features.18
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Fig 2. Papulopustular subtype. Central facial redness,
circumoral and circumocular sparing, and small erythematous papules, some of which are topped with a small
pustule. (From Plewig G, Kligman AM. Acne and rosacea.
3rd ed. Berlin: Springer-Verlag; 2000. p. 469. Reprinted
with permission.)

The discussion of phymata in the context of
writings about rosacea is not preceded by suppositions that it is a vascularly based or a sun-induced condition, as other manifestations of rosacea are.7,18-20
In parallel with different subtype-targeted therapies,
phymata are approached in a dramatically different
fashion from the other subtypes of rosacea. The
mainstays of therapy are isotretinoin and surgical
correction.18,20-25
Ocular rosacea
Blepharitis and conjunctivitis are the most common findings in rosacea patients with ocular manifestations (Fig 4).14,26-28 Inflammation of the lids
with recurrent chalazion and inflammation of the
meibomian glands may be present. Interpalpebral
conjunctival hyperemia, conjunctival telangiectases,
and watery or dry, irritated eyes can occur. Burning
or stinging, itching, light sensitivity, and a foreign
body sensation are frequent symptoms in the patient
with ocular rosacea. Keratitis, scleritis, iritis, and
complications of such involvement are infrequent
but can occur.14,26,27,29-35
Ocular rosacea may precede the cutaneous signs
by many years36; however, in most dermatology
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Fig 3. Phymatous rosacea. Thick sebaceous skin, papules
and pustules, marked skin thickening, and irregular surface nodularities most prominent on the nose. (From
Plewig G, Kligman AM. Acne and rosacea. 3rd ed. Berlin:
Springer-Verlag; 2000. p. 475. Reprinted with permission.)

practices, concurrent presentation or eye findings
following the skin signs are more often observed.26,27
As discussed below, distinct therapies for ocular
manifestations make it extremely important for
dermatologists to actively pursue a history of eye
complaints and to conduct a thorough examination
of the lid margins and conjunctiva.

OTHER CLINICAL CONSIDERATIONS
Glandular rosacea
One phenotype displayed in certain rosacea
patients is quite different from the other 4 classic
subtypes recognized above. We propose the term
glandular rosacea (GR) to describe this phenotype,
which is commonly seen and illustrated in textbooks
(Figs 5 and 6) but has not previously been clearly
separated into a distinct nosologic subtype. GR is
most common in men who have thick, sebaceous
skin. Edematous papules and independent pustules
are often of large size, and nodulocystic lesions may
be present. These lesions often will cluster in the
central and inner aspects of the cheeks but may be
seen in any sites that show erythema. In women
with this subtype, the chin is often a more favored
location. Frequently such patients will have a history
of adolescent acne with the typical scars. Unlike ETR
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Fig 4. Ocular rosacea. Erythema of the nose is most
prominent. Associated conjunctivitis and blepharitis are
demonstrated. (From Plewig G, Kligman AM. Acne and
rosacea. 3rd ed. Berlin: Springer-Verlag; 2000. p. 481.
Reprinted with permission.)

and PPR, there is usually an absence of sensitivity to
and complaints of burning and stinging from topical
agents. Therapeutic options, then, are extended
to include benzoyl peroxide and benzoyl peroxidee
antibiotic combinations, which are frequently dramatically effective.
The marked periocular sparing is again notable.
Flushing is less frequently present than in the other
subtypes. The background redness is less dramatically pink but instead will frequently have shades of
rust. The hue surrounding the raised inflammatory
lesions, however, will be brightly erythematous, and
the edema surrounding them is often dramatic. The
dermal effects of chronic sun damage and the dilated
vasculature may be less visible because of the overlying hypertrophied sebaceous glands. The patient
may exhibit chronic central facial edema if the process has been allowed to continue untreated or if
particularly dramatic episodes of nodulocystic disease have occurred. A predisposition to the development of rhinophyma is present.

Extrafacial lesions
When discussing rosacea, many experts will relate
that extrafacial lesions are sometimes seen.10,37,38 In
the erythematotelangiectatic form, one may observe
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Fig 5. Glandular subtype. Central facial erythema, papules and pustules associated with large-pored seborrheic
skin. (From Plewig G, Kligman AM. Acne and rosacea. 3rd
ed. Berlin: Springer-Verlag; 2000. p. 471. Reprinted with
permission.)

macular redness of the ears, lateral facial contours,
neck, upper portion of the chest, and scalp. These
extrafacial manifestations in ETR patients are uncommon and are usually seen only in areas affected
by flushing and chronic sun damage.39 Acneiform
lesions have been reported to occur on the central
part of the chest, the scalp, the neck, and occasionally the limbs.4,10,38,40,41 Further characterization of
the erythematous papules and pustules and
nodulocystic lesions in these patients should lend
insight into the nature of these uncommon extrafacial
lesions. Finally, the red scrotum syndrome—characterized by intense redness, burning, and
stinging42—has been hypothesized by some to be
a manifestation of rosacea. In the many patients with
the red scrotum syndrome seen by the authors, none
had recurrent flushing of the scrotum, only occasionally has facial rosacea been present, and in none
did therapy utilized in the treatment of rosacea result
in improvement of the scrotal manifestations.
Conversely, after questioning hundreds of patients
who presented for treatment of rosacea, the authors
have not found anyone with burning and stinging of
the scrotum. This finding is in contrast to the frequent
discovery of unrevealed eye symptoms on specific
questioning. In our opinion, the red scrotum syndrome is the result of chronic irritation, long-term
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Fig 6. Glandular subtype. Central facial erythema, diffuse
sebaceous gland hyperplasia and prominent pores. (From
Plewig G, Kligman AM. Acne and rosacea. 3rd ed. Berlin:
Springer-Verlag; 2000. p. 475. Reprinted with permission.)

steroid use, or atopic dermatitis (personal observations, W. D. J., M. T. P., G. H. C.).
Sun damage
Sun damage is a mildly inflammatory process and
can produce variably conspicuous telangiectases and
erythema. These findings are present on the entire
sun-exposed surfaces; hence, while they spare the
periocular skin as in rosacea, they also affect the
periphery of the face, the neck (sparing the area below
the chin), the upper part of the chest (particularly in
women), and the dorsal portions of the ears (in
patients with short hair). In addition, dyspigmentation
is present to some degree in most patients.
It is not uncommon for patients who present for
treatment of rosacea to have only severe sun damage.
These same patients may have joined national societies for the condition, be avoiding triggers publicized to induce flushing (even without episodes of
flushing), and be concerned about the eventual
development of a ‘‘W. C. Fields nose.’’ It is important
to differentiate such patients from those with
rosacea. Patients with solely actinic changes should
be directed to appropriate preventive and corrective
strategies, such as the daily use of sunscreens and
sun-avoidance measures. While some overlapping of
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treatment strategies exists, there is of course no need
to incur lifestyle changes in diet and exercise or to
fear the enlarged, bulbous nose of rosacea in the
patient with solely sun-damaged skin.
Topical steroid use
The prolonged use of topical steroids may
reproduce many of the signs and symptoms
characteristic of PPR.43,44 It is thought that anyone
may develop this complication; however, it may be
that rosacea-prone persons are more susceptible.45,46
The condition is not necessarily limited to the central
part of the face but rather occurs in the facial sites
where the steroids are applied. It is not considered to
be a subtype of disease but rather an adverse drug
effect that mimics rosacea. The best treatment for this
steroid-induced rosacea-like eruption requires not
only stopping the medication but also intervening
with antibiotics and topical tacrolimus.47,48 This latter
agent is not known to be effective in rosacea but may
help calm the symptomatic dermatitis seen in ETR
(personal observations, W. D. J., G. H. C., M. T. P.).
Perioral dermatitis
Perioral dermatitis has often been classified within
the umbrella of rosacea variants. However, the
distribution, signs, and symptoms vary from the
definitions presented. Consequently, despite responding to agents normally effective for rosacea, it
is not included as a subtype of rosacea.1
Granulomatous lesions
Granulomatous rosacea was classified by the
expert committee as a disease variant characterized
by periorificial yellow, brown, or red monomorphic
papules or nodules that, when severe, can lead to
scarring.1 While it is true that most experienced
physicians may accurately predict clinical lesions
that will at biopsy show granulomatous inflammation, the term granuloma is a histologically, not
clinically, defined term. Patients with ‘‘granulomatous rosacea’’ often do not have persistent facial
erythema, may not have disease limited to the
convexities of the face, often have periocular lesions,
usually do not flush as rosacea patients do, and may
have unilateral disease. It is thus difficult to consider
this condition to be nosologically or pathophysiologically within the rosacea spectrum.
While we recognize the difficulty of proposing
new names for disease states deeply ingrained in the
literature, we suggest granulomatous facial dermatitis as a diagnostic category for this condition. Other
variants of granulomatous facial dermatitis have
been described and have not always been placed
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under the umbrella of rosacea. Examples include the
more recently described facial Afro-Caribbean childhood eruption (FACE),49 granulomatous perioral
dermatitis,50 and the older lupus miliaris disseminatus faciei.51

Implications of rosacea subtypes
Most investigations to date do not specify the
defining characteristics of their patient population
and have not subcategorized patients. In 1989 Marks
opined that one reason for a lack of progress in
understanding the pathogenesis of rosacea was that
rosacea may represent more than one disease
entity.52 Some studies do state that erythematotelangiectatic or papulopustular subtypes
were studied and often the findings are quite variable. In a study by Lonne-Rahm et al,2 it was
discovered that 7 of 7 ETR patients experienced
stinging when 5% lactic acid solution was applied to
the cheek. However, only 68% of the PPR patients
and 17% of control subjects reacted with the perception of stinging. When the role of the adnexal
structures, vascular reactivity, and other potential
etiologic factors in rosacea are being investigated, it
is essential that the patient population be clearly
defined as to the basic definition of rosacea and the
particular subtype studied.
The use of these subtypes also allows
better education of patients. Not all are at risk for
the development of the large bulbous nose; not
everyone needs to make lifestyle changes or avoid
irritants. Also, there is clearly the expectation
that varying therapeutic interventions will be necessary, that responses will not be uniform, and that
adverse reactions may be prominent in one subtype
but nearly absent in another.

PATHOPHYSIOLOGY
The cause of rosacea remains unknown. Several
factors have been implicated in its pathogenesis,
some based on the evidence of scientific investigation, others on anecdotal observation. Proposed
etiologic mechanisms can be grouped into the following categories: vasculature, climatic exposures,
matrix degeneration, chemicals and ingested agents,
pilosebaceous unit abnormalities, and microbial
organisms. However, a central paradox remains;
how does one explain the varied clinical expressions
of rosacea through one isolated mechanistic theory?
It is likely that rosacea’s distinct nosologic subtypes
(erythematotelangiectatic, papulopustular, phymatous, and ocular) represent heterogeneous
responses to a combination of these purported
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factors. In addition, all of these implicated triggers
are experienced by healthy persons who never go
on to develop the symptoms or signs of rosacea.
Consequently, rosacea-prone persons must have an
inherent sensitivity to these ubiquitous triggers.

Vasculature
Perhaps the most-cited pathogenic theories about
rosacea center on inherent abnormalities in cutaneous vascular homeostasis. Most of these theories are
based on the prominent facial flushing seen in many
rosacea patients.4,5,53 Flushing, or transient, erythema is controlled by 2 vasodilatory mechanisms:
humoral substances and neural stimuli.54 Wilkin
demonstrated that proportional increases in cutaneous blood flow were the same in both the forearm
and the face after neurally mediated (oral thermal
challenge) and direct smooth muscleemediated
(nicotinic acid test) signals.9 That flushing in ETR
and PPR is visibly concentrated on the face can be
explained by the fact that baseline blood flow is
increased in the face55-57 and that facial vessels are
larger, more numerous, and nearer to the surface
than in other areas of the body.58 Consequently, both
neural mechanisms and circulating humoral agents
produce flushing reactions that may be visibly limited to the face.9,11
Dysregulation of thermal mechanisms has been
proposed by some to cause the vasodilation in
rosacea.13,59-61 The normal physiologic response to
hyperthermia is an increased flow of blood from the
face to the brain, presumably to aid in intracranial
cooling. In one small study, this response to hyperthermia was absent in 4 rosacea patients (measured
in the angular veins near the orbit) as compared with
2 control subjects.13 Studies have also shown that
when challenged with thermal stimuli, rosacea
patients flush more easily and in a more pronounced
fashion than control subjects.13,59-61 In a study of 24
patients with ETR, Wilkin demonstrated that it was
the temperature rather than the caffeine of coffee that
generated flushing responses.11 Theoretically, increased oral temperature leads to a heat exchange
mechanism in the carotid arteries that signals the
hypothalamus to trigger vasodilation.11 Albeit interesting, this theory has not yet facilitated the treatment
of facial flushing in rosacea patients, except for the
suggested use of ice chips in the mouth during such
thermal stimuli as warm showers or hot weather.
Interest in the role of substance P—the mediator
now thought to induce flushing in carcinoid62—has
waned owing to a lack of substantial evidence in
previous studies.63-65 Other proposed mediators
have included vasoactive intestinal peptide,66 gas-
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trin,6,67,68 serotonin, histamine, and prostaglandins.69,70 Robust experimental support for any of
these soluble mediators is lacking.
Climatic exposures
Many authors have endorsed the notion that
rosacea results from the caustic effects of climatic
exposures that damage both cutaneous blood vessels
and dermal connective tissue.3,5,17,71-77 Several
authors have observed that rosacea is often found
in persons occupationally exposed to heat.6,73
The pivotal role of sunlight is supported by the
distribution of erythema and telangiectases on the
facial convexities. Sun-protected areas, such as
the supraorbital and submental areas, are typically
spared. The association with fair skin and light
eyes,73 the predilection for disease flares in early
spring,73 and the tendency to spare the young are all
consistent with a pathogenic role for solar radiation.
In addition, actinic elastosis is prominent in skin
biopsy specimens from rosacea patients.74
In contrast, epidemiologic studies demonstrate
that only 17% to 31% of rosacea patients report
worsening of symptoms by sunlight.78,79 Several
photoprovocation studies in rosacea patients have
failed to show heightened skin sensitivity to the acute
effects of ultraviolet radiation.73,79-82 Despite the
increased prevalence in those with fair complexion,
rosacea does occur in black patients.83,84 However,
these findings should be considered cautiously. Even
patients with proved photoinduced disorders, such
as tumid lupus, are often unaware of the sun’s effect
on their skin, especially when the effect is slow to
appear.85 In addition, subacute and chronic changes
that are most relevant to rosacea are much more
difficult to identify without ample population sizes
and adequate control subjects matched for age, skin
type, and history of sun exposure.
Dermal matrix degeneration
Much interest has surrounded the dermal connective tissue and its role in the pathogenesis of rosacea.
Histopathologic studies have demonstrated both
endothelial damage and matrix degeneration in skin
specimens of affected patients.73,74,86-89 It is clear
from other research fields that cutaneous vascular
damage can precede matrix degeneration. In a study
of ultraviolet light effects on rats, dilated and tortuous
vessels were detected well before matrix abnormalities became apparent.90 In persons with diabetes,
microangiopathy can lead to alterations in perivascular connective tissue.91 The common premise
is that abnormal vascular homeostasis leads to leaky
vessels and delayed clearance of serum proteins,

J AM ACAD DERMATOL
VOLUME 51, NUMBER 3

inflammatory mediators, and metabolic waste, all of
which may lead to matrix degeneration.
Alternatively, some authors support a primary role
for damaged connective tissue in inducing vascular
pathology.58,74,86,88 Solar radiation may alter lymphatic and blood vessel function via damage to the
dermal support network of elastic and collagen
fibers.58,72 This matrix-centered theory holds that
telangiectasia, persistent erythema, profound
flushing, and edema are all caused by poor connective tissue support for cutaneous vessels, resulting in
the pooling of serum, inflammatory mediators, and
metabolic waste.52 Despite prominent ectasia,
vessels in rosacea maintain the ability to dilate and
to constrict in response to local (ethylnicotinate
privine and dimethyl sulfoxide)6 and systemic
(adrenaline, noradrenaline, histamine, and acetylcholine)60,61 vasoactive agents. These findings provide some support for the central role of matrix
degeneration, since vessel reactivity remains intact.
Soybe described the benefit of massage therapy in
cases with prominent edema, and he theorized that
lymphatic abnormalities might play a role in pathogenesis.73 Delayed clearance of inflammatory cells,
soluble mediators, and cellular degradation products
result in prolonged inflammation and tissue damage.
As in the lower extremities, lymphedema in the
central part of the face could result in connective
tissue hypertrophy and fibroplasia. This mechanism
has been theorized to produce some of the findings
in rhinophyma.

Chemicals and ingested agents
Dietary factors and gastrointestinal diseases have
historically been theorized to influence rosacea.
Although spicy foods, alcohol, and hot beverages
are known to trigger flushing reactions in rosacea
patients,11,79 the prevailing evidence at present does
not support a primary role for diet or other gastrointestinal factors in the pathogenesis of rosacea.
Through misrepresented media imagery, the ‘‘plethoric facies’’ and ‘‘drinker’s noses’’ of phymatous
rosacea are often presumed to result from excessive
alcohol consumption. However, medical support for
this theory is lacking. Epidemiologic studies that
have focused on the relationship between rosacea
and alcohol have been confounded by barriers to
medical access, by poor patient compliance, by
inaccuracies in alcohol-consumption history provided by alcoholic persons, and by inadequate
control populations.12,73,92 Alcoholism can manifest
itself in the skin in a variety of ways, many of which
are likely the result of cirrhosis rather than the direct
effect of alcohol.12
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Certain medications can induce flares in rosacea
or produce rosacea-like dermatoses. Amiodarone
has been reported to induce rosacea and multiple
chalazia.93 Topical steroids have most often been
considered triggers or causal agents in rosacea-like
eruptions.43,94-97 Occasionally, rosacea patients have
been reported to have dramatic flares even after
using nasal steroids for allergic rhinitis.98 Nicotinic
acid is also known to stimulate flushing reactions in
rosacea patients.9 Acneiform eruptions that resemble
rosacea have also been reported in association with
supplements that contain high doses of vitamins B6
and B12.99,100

Pilosebaceous unit abnormalities
Controversy exists as to whether the papules and
pustules of rosacea are follicularly based. In a study
of 108 biopsy specimens, including 74 from patients
with PPR and 24 from patients with ETR, Marks and
Harcourt-Webster found abnormalities of the hair
follicle in only 20% of the 74 papules or papulopustules subjected to biopsy.74 In addition,
perifollicular inflammatory infiltrates were found in
only 51% of these specimens. Ramelet and Perroulaz
conducted a similar study of French patients with
rosacea.86 All 75 specimens contained perivascular
infiltrates, while only 13 (17%) were judged to be
predominantly periadnexal in nature. In a histologic
study of 12 patients with ETR, Motley, Barton, and
Marks described common lymphohistiocytic infiltrates that were predominantly in a perivascular,
not perifollicular, location.88
It is, however, documented that the glandular type
of rhinophyma is a follicularly based inflammatory
process.19 Therapies such as topical and oral antibiotics, which may be targeting follicularly based
organisms such as Propionibacterium acnes, are
effective in rosacea. These medications include benzoyl peroxide, which is well tolerated and effective in
PPR and GR patients but has no inherent antiinflammatory action. In addition, the role of
Demodex, a follicularly based organism, has been
the subject of repeated investigation as a possible
causative factor in rosacea.
Additional studies are warranted to investigate the
role of a follicular-based inflammatory process in
rosacea. Future studies should subdivide patients
into the appropriate rosacea subtypes. In the histopathologic studies of Marks and Harcourt-Webster74
and Ramelet and Perroulaz,86 only a minority of
patients underwent investigation with serial sectioning. It is our experience that horizontal sections are
best able to reveal follicular-based disease in nonscalp skin. When further studies are undertaken in
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the various subtypes of rosacea, it would be of
interest to document whether the lesions subjected
to biopsy are early or late in evolution, what the
frequency and density of P acnes is, especially in
therapeutic protocols with antibiotics, and how the
sebaceous gland size and secretion rates are characterized. While Burton et al101 and Pye, Meyrick, and
Burton102 found normal secretion rates and lipid
composition in affected rosacea skin sites, we believe
that subdividing the patients into subtypes may
reveal variable results.

Microbial organisms
Demodex. Demodex is a common inhabitant of
normal human skin, and its role in human disease is
a matter of controversy. Several authors have proposed that Demodex plays a pathogenic role in
rosacea.3,17,75,76,103-112 Historical support derives
from observations that Demodex prefers skin regions
most often affected by rosacea, such as the nose and
cheeks.41,113 The tendency for clinical manifestations
of rosacea to appear later in life parallels the increase
in Demodex mite density that occurs with age.114-117
In addition, studies have demonstrated immune
responses in rosacea patients that may be directed
against Demodex antigens.80,118,119 Grosshans et al
reported that in 22% of 31 rosacea patients,
Demodex-specific antibodies were found in the
serum.118 Another study showed a predominance
of helper-inducer T cells in infiltrates that surrounded
Demodex mites.119
Numerous studies have been performed to report prevalence rates for Demodex infestation in
rosacea patients.3,16,17,75,76,105,106,120 However, the
sampling methods employed have been extremely
variable (eg, adhesive bands, skin scrapings, skin
impressions, comedo extraction, hair epilation, cyanoacrylate skin surface biopsies, and punch biopsies), making little value of any interstudy
comparison. Demodex is also known to vary with
patient age and the skin site sampled. In addition,
Demodex is found in a large number of healthy
persons. In fact, with more modern and sensitive
techniques, the prevalence in healthy adults
approaches 100%.76,116,117,121,122 Consequently, the
simple identification of Demodex is by no means
proof of pathogenesis. It is the density of
mites76,106,113 or their extrafollicular location103,111,123-125
that is of greater importance in the assessment of
pathogenesis.
Techniques that employ cyanoacrylate surface
biopsies are extremely sensitive.76,106,110 Studies by
Forton and Seys and by Erbagci and Ozgoztasi both
independently demonstrated that the density of
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Demodex was significantly higher in patients with
papulopustular rosacea than in age-matched control
subjects.106,126 In contrast, both studies failed to
demonstrate statistically significant increased mite
densities in patients with ETR. This lack of statistical
power could represent a true lack of difference in
mean mite counts, or could be the result of a much
smaller sample size of patients with ETR than that of
patients with PPR investigated in both studies.
Another limitation is that skin surface biopsies can
show D folliculorum residing only superficially in
the follicle. Thus this technique misses mites deeper
in the follicle and D brevis mites that reside in the
sebaceous glands.
After having observed mites or fragments in
extrafollicular inflammatory infiltrates, some investigators believe that Demodex mites are responsible for some of the skin lesions in rosacea.107,127-129
Forton demonstrated a statistically significant relationship between the presence of Demodex and
perifollicular, lymphohistiocytic inflammation in 69
biopsy specimens from rosacea patients.129 Other
studies have not supported these findings.74,86,124 In
both Ramelet and Perroulaz’s and Marks and
Harcourt-Webster’s large histopathologic studies of
rosacea, there was no correlation between perifollicular inflammation and the presence of
Demodex.74,86 However, these results can be
questioned by the fact that Demodex is not easily
detected on histologic preparations. Only 19% of 108
specimens were found to contain Demodex mites in
the study by Marks and Harcourt-Webster, and only
3% of 75 specimens in that of Ramelet and Perroulaz.
With a more exhaustive approach, one would expect
higher densities of Demodex.
Lastly, it has been hypothesized that the beneficial
effects of metronidazole on rosacea may be related to
an antiparasitic effect toward Demodex. Mites, however, can survive high concentrations of the drug.130
Others claim that oral and topical metronidazole
formulations are effective via an immunologic pathway or by a metabolite with activity against
Demodex.6,131,132 However, studies have shown that
clinical resolution of rosacea after treatment with
tetracycline76 or topical 3% sulfur ointment133 did not
affect the Demodex population. Whether Demodex is
truly pathogenic or simply an inhabitant of follicles in
rosacea-prone skin remains the subject for future
study.
Helicobacter pylori. Some controversy has
also persisted concerning the possible role of H
pylori in rosacea.134-139 Interest emerged from statistically unsupported, yet historically ingrained,
associations between rosacea and gastrointestinal
diseases, such as hypochlorhydria, gastritis, and
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abnormal jejunal mucosa.53 Others have observed
that the seasonal fluctuations of rosacea mimic those
of peptic ulcer disease, a condition that is now
known in most cases to be caused by H pylori
infection. In addition, metronidazole, a common
treatment for rosacea, is an effective agent against
H pylori.
H pylori is the most common infection in human
beings.140 Hampering the study of this organism’s
role in rosacea is its ubiquitous presence and its
benign nature in most people.141 Robust support for
a causal association between H pylori and rosacea
does not exist. Several studies have demonstrated
high prevalence rates of H pylori in rosacea
patients,142-145 some even in comparison with ageand sex-matched controls.146 Other studies, however, did not corroborate these data.134, 147-151 In
addition, several studies have demonstrated either
clinical improvement in rosacea134 or a lack
thereof151,152 at the conclusion of therapeutic regimens aimed at the eradication of H pylori. None of
these studies, however, was fully controlled for all
the confounding variables known to influence H
pylori prevalence, such as sex, age, socioeconomic
status, and medications, or was statistically powered
to account for the ubiquitous nature of H pylori
infection in the general population.
With all these data generated from prior studies,
we can conclude with some certainty that the following statements are reasonable:
 H pylori is commonly found in patients with
rosacea and in the general population; and
 treatments aimed at eradicating H pylori may also
influence the clinical outcome of rosacea.
Despite inconclusive studies, interesting hypotheses concerning the possible pathogenic role of
H pylori have recently been generated. It is known
that H pylori infection increases several vasoactive
substances such as histamines, prostaglandins and
leukotrienes, and various cytokines. However, these
vascular mediators are found only with H pylori
strains that produce a specific cytotoxin, CagA
(cytotoxin-associated gene A) or VacA (vacuolatingassociated gene A). Szlachcic et al compared 60
rosacea patients with age- and gender-matched nonulcer dyspepsia control subjects.146 They found that
when infected with H pylori, 67% of rosacea patients,
versus only 32% of controls, had positive findings
for CagA. In addition, these patients had elevated
systemic levels of tumor necrosis factor a and interleukin 8. After eradication of H pylori infection,
symptoms of rosacea disappeared in almost all
patients (51 of 53) and tumor necrosis factor a
and interleukin 8 levels normalized.146 Despite
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these interesting findings, robust support for the
role of H pylori in the pathogenesis of rosacea is
lacking.

FUTURE STUDIES
Many aspects of rosacea require further investigation. It is our hope that this manuscript will stimulate
some of these efforts. One area to approach in
regard to pathophysiology is the possible follicular
nature of the papules and pustules. Researchers
should also investigate the role of P acnes in the
formation of these inflammatory lesions. Concerning investigation into Demodex and H pylori,
we suggest that future efforts be directed elsewhere. Despite exhaustive efforts in numerous studies, clear evidence for a pathogenic role in rosacea
has not been demonstrated for either of these
organisms.
The role of hormones in producing the flush
responses, the oiliness of facial skin in glandular
rosacea, and the utility of spironolactone in papulopustular rosacea or glandular rosacea are yet to be
defined. In addition, further investigations of the
potential extrafacial symptoms of rosacea, the inherent sun sensitivity of rosacea skin, and possible
circulating vasoactive mediators are warranted. The
contribution of a genetic predisposition to sun damage, responses to other climatic conditions, and
flushing responses should be studied. It is clear that
certain populations are more susceptible and that
many patients with rosacea have similarly affected
relatives. What genetic factors are important and
why?
Potentially bridging the divergent hypotheses of
ultraviolet light exposure and vascular dysregulation
on rosacea pathogenesis, Kosmadaki et al demonstrated an increased expression of vascular endothelial growth factor messenger RNA levels after in vitro
irradiation of cultured keratinocytes, an effect that
appeared to be independent of tumor necrosis factor
a.153 Certainly, this remains an area ripe for future
investigation, as the complex interplay between
matrix degeneration and vascular homeostasis in
rosacea has yet to be clearly defined.
As we theorize that the pathogenesis of rosacea
varies with the phenotypic subtype, we emphasize
the importance of clearly defined criteria and subtype inclusion in future studies. Additionally, control
populations should be properly matched in terms of
factors known to influence rosacea phenotype, such
as age, sex, and cumulative sun exposure. Certainly
many more questions than these remain. It is hoped
that curiosity has been stimulated, the need for
continued research highlighted, and progress in
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understanding this common and important condition will follow.

REFERENCES
1. Wilkin J, Dahl M, Detmar M, Drake L, Feinstein A, Odom R,
et al. Standard classification of rosacea: report of the
National Rosacea Society Expert Committee on the Classification and Staging of Rosacea. J Am Acad Dermatol 2002;
46:584-7.
2. Lonne-Rahm SB, Fischer T, Berg M. Stinging and rosacea. Acta
Derm Venereol 1999;79:460-1.
3. Braun-Falco O, Plewig G, Woff HH. Dermatologie und Venerologie. Berlin: Springer-Verlag; 1995. p. 963-8.
4. Plewig G, Kligman AM. Acne and rosacea. 3rd ed. Berlin:
Springer-Verlag; 2000. p. 433-75.
5. Wilkin JK. Rosacea. Pathophysiology and treatment. Arch
Dermatol 1994;130:359-62.
6. Rebora A. Rosacea. J Invest Dermatol 1987;88(suppl):56s-60s.
7. Dahl MV. Pathogenesis of rosacea. Adv Dermatol 2001;17:
29-45.
8. Greaves MW, Burova E. Flushing: causes, investigation and
clinical consequences. J Eur Acad Dermatol Venereol 1997;8:
91-100.
9. Wilkin J. Why is flushing limited to a mostly facial cutaneous
distribution. J Am Acad Dermatol 1988;19:309-13.
10. Marks R, Jones EW. Disseminated rosacea. Br J Dermatol
1969;81:16-28.
11. Wilkin JK. Oral thermal-induced flushing in erythematotelangiectatic rosacea. J Invest Dermatol 1981;76:15-8.
12. Higgins E, du Vivier A. Alcohol intake and other skin
disorders. Clin Dermatol 1999;17:437-41.
13. Brinnel H, Friedel J, Caputa M, Cabanac M, Grosshans E.
Rosacea: disturbed defense against brain overheating. Arch
Dermatol Res 1989;281:66-72.
14. Chen DM, Crosby DL. Periorbital edema as an initial
presentation of rosacea. J Am Acad Dermatol 1997;37:
346-8.
15. Harvey DT, Fenske NA, Glass LF. Rosaceous lymphedema:
a rare variant of a common disorder. Cutis 1998;61:
321-4.
16. Decauchy F, Beauvais L, Meunier L, Meynadier J. [Rosacea].
Rev Prat 1993;43:2344-8. French.
17. Sibenge S, Gawkrodger DJ. Rosacea: a study of clinical
patterns, blood flow, and the role of Demodex folliculorum.
J Am Acad Dermatol 1992;26:590-3.
18. Jansen T, Plewig G. Clinical and histological variants of
rhinophyma, including nonsurgical treatment modalities.
Facial Plast Surg 1998;14:241-53.
19. Aloi F, Tomasini C, Soro E, Pippione M. The clinicopathologic
spectrum of rhinophyma. J Am Acad Dermatol 2000;42:
468-72.
20. Rohrich RJ, Griffin JR, Adams WP Jr. Rhinophyma: review and
update. Plast Reconstr Surg 2002;110:860-9. Quiz 70.
21. Bogetti P, Boltri M, Spagnoli G, Dolcet M. Surgical treatment
of rhinophyma: a comparison of techniques. Aesthetic Plast
Surg 2002;26:57-60.
22. Irvine C, Kumar P, Marks R. Isotretinoin in the treatment of
rosacea and rhinophyma. In: Marks R, Plewig G, editors. Acne
and related disorders: proceedings of an international symposium. London. Martin Dunitz; 1988. p. 301-5.
23. Lloyd KM. Surgical correction of rhinophyma. Arch Dermatol
1990;126:721-3.
24. Nikolowski J, Plewig G. [Oral treatment of rosacea with 13-cisretinoic acid]. Hautarzt 1981;32:575-84. German.

J AM ACAD DERMATOL
SEPTEMBER 2004

25. Rebora A. The management of rosacea. Am J Clin Dermatol
2002;3:489-96.
26. Akpek EK, Merchant A, Pinar V, Foster CS. Ocular rosacea:
patient characteristics and follow-up. Ophthalmology 1997;
104:1863-7.
27. Ghanem VC, Mehra N, Wong S, Mannis MJ, Tanzi EL, Weinberg JM, et al. The prevalence of ocular signs in acne rosacea:
comparing patients from ophthalmology and dermatology
clinics. Cornea 2003;22:230-3.
28. Hoting E, Paul E, Plewig G. Treatment of rosacea with
isotretinoin. Int J Dermatol 1986;25:660-3.
29. Starr PA. Oculocutaneous aspects of rosacea. Proc R Soc Med
1969;62:9-11.
30. Quarterman MJ, Johnson DW, Abele DC, Lesher JL Jr., Hull DS,
Davis LS. Ocular rosacea. Signs, symptoms, and tear studies
before and after treatment with doxycycline. Arch Dermatol
1997;133:49-54.
31. Zengin N, Tol H, Gunduz K, Okudan S, Balevi S, Endogru H.
Meibomian gland dysfunction and tear film abnormalities in
rosacea. Cornea 1995;14:144-6.
32. Patrinely JR, Font RL, Anderson RL. Granulomatous acne
rosacea of the eyelids. Arch Ophthalmol 1990;108:561-3.
33. Macsai MS, Mannis MJ, Huntley AC. Acne rosacea. In: Eye
and skin diseases. Philadelphia. Lippincott-Raven; 1996.
p. 335-41.
34. Browning DJ, Proia AD. Ocular rosacea. Surv Opthalmol 1986;
31:145-58.
35. Jenkins MS, Brown SI, Lempert SL, Weingerg RJ. Ocular
rosacea. Am J Ophthalmol 1979;88:618-22.
36. Borrie P. Rosacea with special reference to its ocular manifestations. Br J Dermatol 1953;65:458-63.
37. Plewig G, Kligman AM. Acne rosacea. 3rd ed. Berlin: SpringerVerlag; 2000. p. 472-3.
38. Wilkin JK. Epigastric rosacea. Arch Dermatol 1980;116:584.
39. Dupont C. How common is extrafacial rosacea? [letter]. J Am
Acad Dermatol 1986;14:839.
40. Gajewska M. Rosacea on common male baldness. Br J
Dermatol 1975;93:63-6.
41. Ayres S Jr. Extrafacial rosacea is rare but does exist. J Am
Acad Dermatol 1987;16:391-2.
42. Fisher BK. The red scrotum syndrome. Cutis 1997;60:139-41.
43. Leyden JJ, Thew M, Kligman AM. Steroid rosacea. Arch
Dermatol 1974;110:619-22.
44. Kligman AM, Leyden JJ. Adverse effects of fluorinated
steroids applied to the face. JAMA 1974;229:60-2.
45. Sneddon IB. Adverse effect of topical fluorinated corticosteroids in rosacea. Br Med J 1969;1:671-3.
46. Weber G. Rosacea-like dermatitis: contraindication or intolerance reaction to strong steroids. Br J Dermatol 1972;86:
253-9.
47. Goldman D. Tacrolimus ointment for the treatment of
steroid-induced rosacea: a preliminary report. J Am Acad
Dermatol 2001;44:995-8.
48. Pabby A, An KP, Laws RA. Combination therapy of tetracycline and tacrolimus resulting in rapid resolution of steroidinduced periocular rosacea. Cutis 2003;72:141-2.
49. Williams HC, Ashworth J, Pembroke AC, Breathnach SM.
FACE—facial Afro-Caribbean childhood eruption. Clin Exp
Dermatol 1990;15:163-6.
50. Frieden IJ, Prose NS, Fletcher V, Turner ML. Granulomatous
perioral dermatitis in children. Arch Dermatol 1989;125:
369-73.
51. Puppin D Jr, Gueissaz F. Red papules on the face with
secondary scarring. Lupus miliaris faciei (LMF). Arch Dermatol
1994;130:369-70. 72-3.

J AM ACAD DERMATOL
VOLUME 51, NUMBER 3

52. Marks R. Rosacea: hopeless hypotheses, marvelous myths,
and dermal disorganization. In: Marks R, Plewig G, editors.
Acne and related disorders. London. Martin Dunitz; 1989.
p. 293-9.
53. Marks R, Beard RJ, Clark ML, Kwok M, Robertson WB.
Gastrointestinal observations in rosacea. Lancet 1967;1:
739-43.
54. Burnstock G. Fine-structural identification of autonomic
nerves and their relation to smooth muscle. Prog Brain Res
1971;34:389-404.
55. Hertzman AB, Randal WC. Regional differences in the basal
and maximal rates of blood flow in the skin. J Appl Physiol
1948;1:234-41.
56. Serjesen P. Cutaneous blood flow and tissue blood exchange.
In: Montagna W, Van Scott EJ, Stoughton RB, editors.
Advances in biology of skin. New York: Appleton-CenturyCrofts; 1972. p. 191-205.
57. Tur E, Tur M, Maibach HI, Guy RH. Basal perfusion of the
cutaneous microcirculation: measurements as a function of
anatomic position. J Invest Dermatol 1983;81:446.
58. Ryan TJ. The blood vessels of the skin. J Invest Dermatol
1976;67:110-8.
59. Nagasaki T, Brinnel H, Hales JR, Ogawa T. Selective brain
cooling in hyperthermia: the mechanisms and medical
implications. Med Hypotheses 1998;50:203-11.
60. Borrie P. The state of the blood vessels of the face in
rosacea—I. Br J Dermatol 1955;67:5-8.
61. Borrie P. The state of the blood vessels of the face in
rosacea—II. Br J Dermatol 1955;67:73-5.
62. Oates JA. The carcinoid syndrome. N Engl J Med 1986;315:7024.
63. Powell FC, Corbally N, Powell D. Substance P levels in
rosacea. In: Marks R, Plewig G, editors. Acne and related
disorders. London. Martin Dunitz; 1989. p. 307-10.
64. Powell FC, Corbally N, Powell D. Substance P and rosacea.
J Am Acad Dermatol 1993;28:132-3.
65. Kurkcuoglu N, Alaybeyi F. Substance P immunoreactivity in
rosacea. J Am Acad Dermatol 1991;25:725-6.
66. Wollina U. Rhinophyma—unusual expression of simple-type
keratins and S100A in sebocytes and abundance of VIP
receptor-positive dermal cells. Histol Histopathol 1996;11:
111-5.
67. Chowers MY, Keller N, Tal R, Barshack I, Lang R, Bar-Meir S,
et al. Human gastrin: a Helicobacter pyloriespecific growth
factor. Gastroenterology 1999;117:1113-8.
68. Tseng GY, Lin HY, Perng CL, Lee FY, Lo WC, Tsay SH, et al.
Influence of Helicobacter pylori on gastric secretion and
gastrin release in normal Chinese subjects. Chinese Med J
(Engl) 1999;62:217-22.
69. Guerrera M, Parodi A, Cipriani C, Divano C, Rebora A. Flushing
in rosacea: a possible mechanism. Arch Dermatol Res 1982;
272:311-6.
70. Parodi A, Guarrera M, Rebora A. Flushing in rosacea: an
experimental approach. Arch Dermatol Res 1980;269:269-73.
71. Burgess TH. Eruptions of the face, head and hands. London;
1849.
72. Haxthausen H. Changes in the skin vessels from protracted
action of climatic factors and their significance in various skin
diseases. Br J Dermatol 1930;42:105-25.
73. Soybe P. Aetiology and pathogenesis of rosacea. Acta Derm
Venereol 1950;30:137-53.
74. Marks R, Harcourt-Webster JN. Histopathology of rosacea.
Arch Dermatol 1969;100:683-91.

Crawford, Pelle, and James 339

75. Ertl GA, Levine N, Kligman AM. A comparison of the efficacy
of topical tretinoin and low-dose oral isotretinoin in rosacea.
Arch Dermatol 1994;130:319-24.
76. Bonnar E, Eustace P, Powell FC. The Demodex mite population in rosacea. J Am Acad Dermatol 1993;28:443-8.
77. Urbach S. Ultraviolet radiation and its relationship to skin
cancer in man. In: Montagna W, editor. Advances in biology
of the skin. Oxford. Pergamon; 1966.
78. Berg M, Liden S. An epidemiological study of rosacea. Acta
Derm Venereol 1989;69:419-23.
79. Marks R. Concepts in the pathogenesis of rosacea. Br J
Dermatol 1968;80:170-7.
80. Nunzi E, Rebora A, Hamerlinck F, Cormane RH. Immunopathological studies on rosacea. Br J Dermatol 1980;103:
543-51.
81. Goetz H, Cronen J. Die UV-lichtenpfindlichkeit der haut bei
der rosacea. Z Hautkr 1980;55:232-6.
82. Brodthagen H. Mepacrine and chloroquine in the treatment
of rosacea. Br J Dermatol 1955;67:421-5.
83. Rosen T, Stone MS. Acne rosacea in blacks. J Am Acad
Dermatol 1987;17:70-3.
84. Browning DJ, Rosenwasser G, Lugo M. Ocular rosacea in
blacks. Am J Ophthalmol 1986;101:441-4.
85. Kuhn A, Sonntag M, Richter-Hintz D, Oslislo C, Megahed M,
Ruzicka T, et al. Phototesting in lupus erythematosus tumidus—review of 60 patients. Photochem Photobiol 2001;73:
532-6.
86. Ramelet AA, Perroulaz G. [Rosacea: histopathologic study of
75 cases]. Ann Dermatol Venereol 1988;115:801-6. French.
87. Neumann E, Frithz A. Capillaropathy and capillaroneogenesis
in the pathogenesis of rosacea. Int J Dermatol 1998;37:
263-6.
88. Motley RJ, Barton S, Marks R. The significance of telangiectasia in rosacea. In: Marks R, Plewig G, editors. Acne and
related disorders. London. Martin Dunitz; 1989. p. 339-44.
89. Helm KF, Menz J, Gibson LE, Dicken CH. A clinical and
histopathologic study of granulomatous rosacea. J Am Acad
Dermatol 1991;25:1038-43.
90. Nakamuro K, Johnson WC. Ultraviolet light induced connective tissue changes in rat skin: a histologic and histochemical
study. J Invest Dermatol 1968;51:194-8.
91. Einarsson K, Hard S, Lejd B, Neuman E. Intracutaneous
herniation of fat in connection with microangiopathia diabetica. Acta Med Scand 1978;204:137-9.
92. Rosset M, Oki G. Skin diseases in alcoholics. Q J Stud Alcohol
1971;32:1017-24.
93. Reifler DM, Verdier DD, Davy CL, Mostow ND, Wendt VE.
Multiple chalazia and rosacea in a patient treated with
amiodarone. Am J Ophthalmol 1987;103:594-5.
94. Franco HL, Weston WL. Steroid rosacea in children. Pediatrics
1979;64:36-8.
95. Savin JA, Alexander S, Marks R. A rosacea-like eruption of
children. Br J Dermatol 1972;87:425-9.
96. Guin JD. Complications of topical hydrocortisone. J Am Acad
Dermatol 1981;4:417-22.
97. Weston WL, Morelli JG. Steroid rosacea in prepubertal
children. Arch Pediatr Adolesc Med 2000;154:62-4.
98. Egan CA, Rallis TM, Meadows KP, Krueger GG. Rosacea
induced by beclomethasone dipropionate nasal spray. Int J
Dermatol 1999;38:133-4.
99. Sherertz EF. Acneiform eruption due to ‘‘megadose’’ vitamins
B6 and B12. Cutis 1991;48:119-20.
100. Jansen T, Romiti R, Kreuter A, Altmeyer P. Rosacea fulminans
triggered by high-dose vitamins B6 and B12. J Eur Acad
Dermatol Venereol 2001;15:484-5.

340 Crawford, Pelle, and James

101. Burton JL, Pye RJ, Meyrick G, Shuster S. The sebum excretion
rate in rosacea. Br J Dermatol 1975;92:541-3.
102. Pye RJ, Meyrick G, Burton JL. Skin surface lipid composition in
rosacea. Br J Dermatol 1976;94:161-4.
103. Grosshans EM, Kremer M, Maleville J. [Demodex folliculorum
and the histogenesis of granulomatous rosacea]. Hautarzt
1974;25:166-77. German.
104. Roihu T, Kariniemi AL. Demodex mites in acne rosacea.
J Cutan Pathol 1998;25:550-2.
105. Rufli T, Mumcuoglu Y, Cajcob A, Buchner S. [Demodicidae/
follicle mites]. Schweiz Rundsch Med Prax 1981;70:622-30.
German.
106. Forton F, Seys B. Density of Demodex folliculorum in rosacea:
a case-control study using standardized skin-surface biopsy.
Br J Dermatol 1993;128:650-9.
107. Aylesworth R, Vance JC. Demodex folliculorum and Demodex
brevis in cutaneous biopsies. J Am Acad Dermatol 1982;7:
583-9.
108. Basta-Juzbasic A, Subic JS, Ljubojevic S. Demodex folliculorum
in development of dermatitis rosaceiformis steroidica and
rosacea-related diseases. Clin Dermatol 2002;20:135-40.
109. Skrlin J, Richter B, Basta-Juzbasic A, Matica B, Ivacic B, Cvrlje
M, et al. Demodicosis and rosacea. Lancet 1991;337:734.
110. Hojyo Tomoka MT, Dominguez Soto L. [Demodecidosis and
rosaceiform dermatitis]. Med Cutan Ibero Lat Am 1976;4:
83-90. Spanish.
111. Kaufmann-Wolf M. Uber regelmassiges vorkommen von
Demodex folliculorum in den puteln von rosacea pustulosa.
Dermat Wschr 1925;81:1095.
112. Ayres SJ, Anderson NP. Acne rosacea: response to local
tretment of Demodex folliculorum. JAMA 1933;100:645.
113. Ayres SJ, Ayres S. Demodectic eruptions (demodicidosis) in
the human. Arch Dermatol 1961;83:816-27.
114. Sanchez-Viera M, Hernanz JM, Sampelayo T, Gurbindo MD,
Lecona M, Soto-Melo J. Granulomatous rosacea in a child
infected with the human immunodeficiency virus. J Am Acad
Dermatol 1992;27:1010-1.
115. Castanet J, Monpoux F, Mariani R, Ortonne JP, Lacour JP.
Demodicidosis in an immunodeficient child. Pediatr Dermatol 1997;14:219-20.
116. DuBois. Recherche du Demodex folliculorum hominis dans la
peau saine. Ann Dermatol Syph 1910;1:188-90.
117. Andrews JRH. The prevalence of hair follicle mites in Caucasian New Zealanders. N Z Med J 1982;95:451-3.
118. Grosshans E, Dungler T, Kien TT, Kremer M. [Demodex
folliculorum and rosacea: experimental and immunological
studies]. Z Hautkr 1980;55:1211-8. German.
119. Marks R. Histogenesis of the inflammatory component of
rosacea. Proc R Soc Med 1973;66:742-5.
120. Basta-Juzbasic A, Marinovic T, Dobric I, Bolanca-Bumber S,
Sencar J. The possible role of skin surface lipid in rosacea
with epithelioid granulomas. Acta Med Croatica 1992;46:
119-23.
121. Fuss F. La vie parasitaire due Demodex folliculorum hominis.
Ann Derm Syph (Paris) 1933;4:1053-62.
122. Reichers R, Kopf WW. Cutaneous infestation with Demodex
folliculorum in man. J Invest Dermatol 1969;52:103-6.
123. De Dulanto F, Camacho-Martinez F. Demodicidose ‘‘gravis.’’
Ann Dermatol Venereol (Paris) 1979;106:699-704.
124. Ecker RI, Winkelmann RK. Demodex granuloma. Arch Dermatol 1979;115:343-4.
125. Seifert HW. Demodex folliculorum als ursache eines solitaren
tuberkuloiden granulomas. Z Hautkr 1977;53:540-2.
126. Erbagci Z, Ozgoztasi O. The significance of Demodex folliculorum density in rosacea. Int J Dermatol 1998;37:421-5.

J AM ACAD DERMATOL
SEPTEMBER 2004

127. Roth AM. Demodex folliculorum in hair follicles of eyelid skin.
Ann Ophthalmol 1979;11:27-40.
128. Breckenridge RL. Infestation of the skin with Demodex
folliculorum. Am J Clin Path 1953;23:348-52.
129. Forton F. Demodex et inflammation perifolliculaire chez
l’homme revue et observation de 69 biopsies. Ann Dermatol
Venereol 1986;113:1047-58.
130. Persi A, Rebora A. Metronidazole and Demodex folliculorum.
Acta Derm Venereol 1981;61:182-3.
131. Aronson IK, Rumsfield JA, West DP, Alexander J, Fischer JH,
Paloucek FP. Evaluation of topical metronidazole gel in acne
rosacea. Drug Intell Clin Pharm 1987;21:346-51.
132. Lowe NJ, Henderson T, Millikan LE, Smith S, Turk K, Parker F.
Topical metronidazole for severe and recalcitrant rosacea:
a prospective open trial. Cutis 1989;43:283-6.
133. Robinson TWE. Demodex folliculorum and rosacea: a clinical
and histological study. Arch Dermatol 1965;92:542-4.
134. Utas S, Ozbakir O, Turasan A, Utas C. Helicobacter pylori
eradication treatment reduces the severity of rosacea. J Am
Acad Dermatol 1999;40:433-5.
135. Bamford JT, Tilden RL, Gangeness DE. Does Helicobacter
pylori eradication treatment reduce the severity of rosacea?
J Am Acad Dermatol 2000;42:535-6.
136. Grilli R. Helicobacter pylori: related to rosacea? J Am Acad
Dermatol 2000;42:536-7.
137. Hirschmann JV. Does Helicobacter pylori have a role in
the pathogenesis of rosacea? J Am Acad Dermatol 2000;42:
537-9.
138. Rebora A, Drago F. Helicobacter pylori and rosacea. J Am Acad
Dermatol 2000;43:884.
139. Rebora AE. Helicobacter pylori and rosacea. J Eur Acad
Dermatol Venereol 2000;14:344.
140. NIH Consensus Conference. Helicobacter pylori in peptic ulcer
disease. NIH Consensus Development Panel on Helicobacter
pylori in Peptic Ulcer Disease. JAMA 1994;272:65-9.
141. Pakodi F, Abdel-Salam OM, Debreceni A, Mozsik G. Helicobacter pylori. One bacterium and a broad spectrum of human
disease! An overview. J Physiol Paris 2000;94:139-52.
142. Abrahamovych L. [The clinico-morphofunctional status of the
esophagogastroduodenal system in patients with acne rosacea: the etiological, pathogenetic and treatment aspects]. Lik
Sprava 1996;Oct-Dec(10-12):84-8. Ukrainian.
143. Rebora A, Drago F, Parodi A. May Helicobacter pylori be
important for dermatologists? Dermatology 1995;191:6-8.
144. Erel A, Oztas M, Ilter N, Senol E, Sultan N, Grurer MA.
Helicobacter pylori seroprevalence in patients with acne
rosacea [abstract]. J Eur Acad Dermatol Venereol 1995;
5:151.
145. Powell FC, Daw MA, Duguid C. Positive Helicobacter pylori
serology in rosacea patients [abstract]. Irish J Med Sci 1992;
161:75.
146. Szlachcic A, Sliwowski Z, Karczewska E, Bielanski W, PytkoPolonczyk J, Konturek SJ. Helicobacter pylori and its eradication in rosacea. J Physiol Pharmacol 1999;50:777-86.
147. Schneider MA, Skinnder RBJ, Roserberg EW. Serologic determination of Helicobacter pylori in rosacea patients and
controls [abstract]. Clin Res 1992;40:831.
148. Jones MP, Knable AL Jr, White MJ, Durning SJ. Helicobacter
pylori in rosacea: lack of an association. Arch Dermatol 1998;
134:511.
149. Sharma VK, Lynn A, Kaminski M, Vasudeva R, Howden CW. A
study of the prevalence of Helicobacter pylori infection and
other markers of upper gastrointestinal tract disease in
patients with rosacea. Am J Gastroenterol 1998;93:220-2.

J AM ACAD DERMATOL
VOLUME 51, NUMBER 3

150. Son SW, Kim IH, Oh CH, Kim JG. The response of rosacea to
eradication of Helicobacter pylori. Br J Dermatol 1999;140:
984-5.
151. Herr H, You CH. Relationship between Helicobacter pylori
and rosacea: it may be a myth. J Korean Med Sci 2000;15:
551-4.

Crawford, Pelle, and James 341

152. Bamford JT, Tilden RL, Blankush JL, Gangeness DE. Effect of
treatment of Helicobacter pylori infection on rosacea. Arch
Dermatol 1999;135:659-63.
153. Kosmadaki MG, Yaar M, Arble BL, Gilchrest BA. UV induces
VEGF through a TNF-alpha independent pathway. FASEB J
2003;17:446-8.

