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Topical minoxidil is the mainstay of treatment for an-
drogenic alopecia and is also used off-label for other
forms of hair loss. Despite its efficacy and favourable
safety profile, the use of minoxidil is associated with
various side effects, the most commonly reported of
which is contact dermatitis. A clear distinction bet-
ween allergic contact dermatitis and irritant contact
dermatitis to minoxidil is critical for management of
androgenic alopecia. This article presents a systematic
review of the current literature, evaluating minoxidil-
induced allergic contact dermatitis. Of the 251 records
identified through the database search, a total of 21
studies were included in the review. Most patients pre-
sented with classic signs of contact dermatitis, inclu-
ding erythema, pruritus, and increased scaling of the
scalp. Of the patients with positive patch tests, a total
of 54 patients showed sensitization to minoxidil itself
and 12 patients to vehicle components. Patients with
suspected signs of contact dermatitis such as eryt-
hema, scaling, and pruritus after minoxidil application
should undergo patch testing to confirm or exclude al-
lergy. For the test, the differential reactivity of minoxi-
dil in various vehicles should be considered. Patients
who are sensitive to propylene glycol should be offe-
red alternative minoxidil formulations.
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inoxidil, also known as 2,4-pyrimidinediamine,

6-(1-piperidinyl)-, 3-oxide, was initially develo-
ped in the 1970s as a potent peripheral vasodilator for
the treatment of severe refractory hypertension (1). In
1987, a topical formulation of minoxidil was developed
for the treatment of androgenic alopecia (AGA), first in
men and later in women (1). Today, topical minoxidil
products typically contain concentrations of 2% or 5%
and have become an important therapeutic option in the
management of AGA and as an off-label treatment for
other forms of alopecia (1-3).

SIGNIFICANCE

Despite its efficacy and favourable safety profile, the topi-
cal use of minoxidil is associated with various side effects,
the most commonly reported of which is contact derma-
titis. A clear distinction between allergic contact dermati-
tis and irritant contact dermatitis to minoxidil is critical for
management of androgenic alopecia. This article presents
a systematic review of the current literature, evaluating
minoxidil-induced contact dermatitis. Patients with sus-
pected signs of contact dermatitis after minoxidil applica-
tion should undergo patch testing to confirm or exclude
allergy. For the test, the differential reactivity of minoxidil
in various vehicles should be considered. Patients who are
sensitive to propylene glycol should be offered alternative
minoxidil formulations.

Although minoxidil solutions are generally well tole-
rated, some patients may experience a local reaction that
may result in symptoms such as pruritus and clinical
signs such as erythema and eczematous skin reactions.
In such cases, allergic reactions, particularly to a specific
formulation, should be considered. Patch testing is used
to evaluate suspected allergic contact dermatitis. While
some literature suggests that contact allergy to minoxidil
itself is less common than reactions to its vehicle com-
ponents, others suggest the opposite (2-5).

Recently, off-label therapy with low-dose oral minoxi-
dil has been shown to be an effective and safe treatment
and has been heralded as one of the greatest therapeutic
breakthroughs for AGA (6). Although not previously
reported in the literature, the potential risk of systemic
contact dermatitis with minoxidil should be considered
in patients with sensitization to topical minoxidil. Patch
testing to differentiate between irritant and allergic con-
tact dermatitis and to identify the causative allergen of
minoxidil formulation-induced allergic contact dermatitis
(ACD) is essential to identify patients potentially at risk
of developing systemic contact dermatitis.

This exciting breakthrough may make systemic treat-
ment with minoxidil more attractive in cases of irritant
contact dermatitis. Therefore, a clear distinction between
ACD and irritant contact dermatitis (ICD) to minoxidil
and vehicles is very important. To clarify this controver-
sial issue, this article presents a systematic review of the
current literature evaluating minoxidil-induced allergic
contact dermatitis.
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METHODS

A systematic review of the literature was performed
using the PRISMA method in the PubMed database for
relevant published studies from January 1990 to July
2024. The terms “minoxidil”, “patch testing”, “contact
dermatitis™, “skin adverse effects”, and “allergy”, as
well as their synonyms and combinations, were used
in the search. Preliminary results were extracted from
the databases and documented in a Microsoft Excel file
(Microsoft Corp, Redmond, WA, USA), where further
selection decisions were documented.

Result lists were merged and duplicates were removed.
Titles, abstracts, and publication types were screened
for eligibility for full-text evaluation. Exclusion criteria
included non-English language, veterinary or ex vivo
research, and reviews. There were no geographical
restrictions. A thorough evaluation of all available full-
text articles was performed using both inclusion and
exclusion criteria. All articles focusing on human allergic
contact dermatitis, including case reports, were included.

Table I. Summary of included studies

Data points from each publication were then identified
and stratified into the following subcategories: study
type, patients’ characteristics, and number of patients
with allergy to minoxidil/vehicle, clinical presentation,
and duration of minoxidil use (Table I).

RESULTS

A total of 251 primary articles were identified. Of these,
21 articles were eligible according to the inclusion and
exclusion criteria (Fig. 1).

Studies and patients’ characteristics

Of the 21 included articles, 15 were case reports, 4
were case series, and 2 were retrospective analyses. The
number of patients ranged from 1 to 73, with a total of
142 patients in all studies. Information on patient age
was available in 19 studies, ranging from 18 to 78 years.

Duration of minoxidil

Type of usage until appearance Allergy to Allergy to
No. Study study Patients of symptoms minoxidil  vehicle Clinical presentation
1 Ruas et al., 1992 (4) Case series 7 female, 1 male; 24-41 3 weeks-1 year 8 1 Pruriginous erythema, papules and
years (mean age 33) scaling of scalp and forehead, 2
patients with vesicles
2 Whitmore, 1992 (22) Case report 1 male; 34 years 4 weeks 1* 0 Irritation, redness, and scaling
3 Ebner et al., 1995 (21) Case report 1 male; 27 years 4 months 1 Increasing redness, swelling, and
scaling on the scalp and ears,
associated with burning and itching
4 Sanchez-Motilla et al.,  Case report 1 female; 26 years 1 week 1 0 Vesicles and pustules over erythematous
1998 (11) area on scalp, forehead, and right eyelid
5 Friedman et al., 2002 Case series 7 female, 4 male; 21-69 No info. 4 9 Pruritus and scaling of the scalp
(2) years (mean age 46.7)
6 Trattner et al., 2002 (9) Case report 1 male; 57 years 2 years 1 0 Pigmented contact dermatitis on waist
and neck
7 Sinclair et al., 2002 (14) Case report 1 female; 24 years 3 months 1 0 Erythematous, scaly scalp with
superficial erosions
8 Hagemann et al., 2005 Case report 1 female; 72 years 8 days 1 0 Pruritus and scaling of the scalp; later
(15) exudative dermatitis and oedema of
forehead, periorbital region, and neck
9 Rodriguez-Martin et al., Case report 1 male; 22 years 6 days 1 0 Pruriginous and pustular lesions over an
2007 (12) erythematous area on scalp and forehead
10 Tosti et al., 2009 (5) Case series 13 female; N/A 5 to 26 months 7 0 Scalp itching
(12 months mean)
11 Corazza et al., 2010 Case report 1 female; 60 years 4 months 1 0 Eczematous and moderately exudative
(23) lesions on scalp
12 Garcia-Rodifio et al., Case report 1 female; 59 years 3 months 1 0 Eczematous lesions affecting face and
2015 (29) scalp
13 LaPlaca et al., 2016 Case series 2 female; 46 and 28 years Several years and 1 year 1 1 Scalp psoriasiform contact dermatitis
(10) with acute telogen effluvium
14 Aleid et al., 2017 (25) Retrospective Minoxidil was tested in 73  N/A 5 N/A Irritation, itching, and dryness of the scalp
analysis patients
15 Nagarajan et al. 2021  Case report 1 male; 28 years 15 days 1 0 Erythema, oedema of ears, cheeks, and
24) infraorbital region, and erythema with
papules on scalp
16 BinJadeed et al., 2021  Case report 1 female; 27 years 4 days 1 0 Itching scalp, painful swelling over the
(13) face
17 Feryel etal,, 2022 (7) Case report 1 male; 23 years 5 days 1 0 Erythema, itch, increased scaling of the
scalp, and cervical lymphadenopathy
18 Navarro-Trivifio et al., Case report 1 male; 38 years 3 months 1 0 Eczematous rash on neck
2022 (32)
19 Therianou et al., 2022  Case series 9 female; 22-72 years average of 4.8 years 9 0 Scalp pruritus, scaling, eczematous
(30) (mean age 47.2) (range, 1-14 years) rash
20 Makris et al., 2023 (8) Case report 1 female; 31 years 15 years on and off 1 0 Acute localized exanthematous
pustulosis (ALEP)
21 Starace et al., 2023 (16) Retrospective 10 female, 2 male, N/A 7 N/A Erythema, scales, vesicles, and few

analysis

18-78 years

vascular patterns

*Patch testing with 2% minoxidil in alcohol and 2% minoxidil in petrolatum showed no reaction, while 2% minoxidil in propylene glycol produced papulovesicular plaques.
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Fig. 1. Flow ofinformation during the different phases of systematic
review.

Clinical presentation

Onset of symptoms has been reported as early as 4 days
after minoxidil administration and as late as 15 years.
While most patients presented with classic signs of con-
tact dermatitis — such as erythema, pruritus, and increased
scalp scaling — several also exhibited a broader range of
clinical symptoms (7—15). The main trichoscopic fin-
dings were erythema, white scales, arborizing vessels,
and simple red loops (16). In addition to cutaneous mani-
festations, cervical lymphadenopathy was reported (7).
Another interesting paper by Makris et al. (8) reported
a case of acute localized exanthematous pustulosis due
to contact allergy to minoxidil, while Trattner et al. (9)
reported a patient with hyperpigmentation on the waist
and neck associated with contact allergy to minoxidil.
Furthermore, La Placa et al. (10) described 2 patients
with acute telogen effluvium and psoriasiform allergic
contact dermatitis.

Patch testing

Of the patients with positive patch tests, a total of 54
patients were allergic to minoxidil and 12 patients were
allergic to the vehicle tested. One patient in a case series
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by Ruas et al. (4), and 2 patients in a case series by
Friedman et al. (2), were reported to be allergic to both
vehicle and minoxidil. In addition, one of the patients
with vehicle allergy tested positive to both propylene
glycol and butylene glycol, two different vehicles used
in minoxidil formulations (2).

The methods used for patch testing minoxidil showed
considerable variation. Typically, concentrations of 1%
and 2% in petrolatum are employed for patch testing.
However, different studies have explored a range of
concentrations and vehicles. For example, Hagemann
et al. (15) tested 5% minoxidil in Vaseline (petrolatum),
5% minoxidil in ethanol, Regaine® 2%, and Regaine®
5%. Similarly, Rodriguez-Martin et al. (12) utilized 5%
minoxidil in ethanol and 5% minoxidil in propylene
glycol for their patch tests. In contrast, Ruas et al. (4)
performed patch testing with minoxidil diluted to as low
as 0.5%, which produced a positive reaction in 7 patients.

DISCUSSION

Topical minoxidil is the mainstay of treatment for AGA
and is also used off-label for other forms of hair loss
(17). Our understanding of its mechanism of action
on the hair follicle is still limited (18). Its stimulatory
effect on follicular keratinocytes and papilla cells in cell
culture indicates effects independent of vasodilation
and increased blood flow, and promotes hair growth by
improving nutrient delivery to hair follicles (17, 18).
Long-term use is required for sustained benefit (2).
Despite its efficacy and favourable safety profile, the use
of minoxidil is associated with several side effects, the
most frequently reported of which are scalp irritation,
pruritus, and erythema (2, 19). Common causes of these
signs and symptoms include irritant and allergic contact
dermatitis or exacerbation of seborrheic dermatitis (2,
19). Although clinically similar, these entities should be
differentiated for optimal treatment outcome and, more
importantly, to allow patients to continue to manage their
therapy for hair loss (2).

Topical minoxidil is available in a variety of forms,
including solution, foam, and shampoo (17). It contains
vehicles that help dissolve the drug in the patient’s body
and facilitate tissue absorption (1). The most common
vehicle used in minoxidil formulations is propylene
glycol, although other formulations based on butylene
glycol, ethanol, glycerine, cetyl alcohol and polysorbate
are available (2, 20). In cases of suspected allergic con-
tact dermatitis to minoxidil, the differential reactivity
of minoxidil in different vehicles should be considered
(21, 22). In support of this, Whitmore (22) presented a
case report in which patch testing with 2% minoxidil
in alcohol and 2% minoxidil in petrolatum showed no
reaction, whereas 2% minoxidil in propylene glycol
produced papulovesicular plaques (22). This highlights
the importance of the correct choice of vehicle for patch
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testing of specific substances in the evaluation of sus-
pected allergic contact dermatitis (22). Furthermore, the
varied approaches to choice of vehicle and concentration
of minoxidil in patch testing highlight the complexity
and lack of standardizing testing protocols for minoxidil.
Patients allergic to propylene glycol or other vehicle
components but not to minoxidil itself are candidates
for topical minoxidil formulations that do not contain
the allergen, whereas individuals identified as allergic to
minoxidil are no longer suitable candidates for the use of
minoxidil as a topical treatment for their alopecia (15, 23).
ACD to topical minoxidil products is reported to be
most commonly due to the solvents (such as propylene
glycol, butylene glycol, and glycerol) and less frequently
to the active ingredient minoxidil (23, 24). In a large
retrospective study involving 73 patients, minoxidil had
a 5.5% positive patch test rate, while propylene glycol
showed a higher rate at 8.8% (25). Similarly, the vehicle
component propylene glycol was the most common
allergen in the case series by Friedman et al. (2). We did
not find any literature specifically addressing in vitro
sensitization assays for minoxidil. However, a study
by Frydrych and Jurowski utilized in silico methods,
predicting that minoxidil has a low potential for causing
skin irritation (26), with possibly no correlation to sensi-
tization. Nevertheless, data on this topic remain limited.
However, most of the other included studies reported
contact allergy to minoxidil rather than to the vehicle
components. Nevertheless, it should be noted that the
series of allergens used in these studies were not consis-
tent and the patient numbers were small, and a possible
selection bias, as discussed later, cannot be ignored (2).
ACD is a delayed-type hypersensitivity reaction that
requires an initial sensitization phase with a previously
innocuous substance (27). Recent studies have shown
that the immune response in ACD is hapten-specific, with
both Th-1 and Th-2 responses (27, 28). Clinical mani-
festations of ACD are mainly eczematous skin reactions
(27), but other morphologies, such as pustular allergic
contact dermatitis (12), pigmented contact dermatitis
(9), lymphoid hyperplasia-like reaction (29), and psoria-
siform contact dermatitis (10) have also been reported.
Although in most cases ACD takes a while to occur,
in some cases rapid onset (e.g., within a week) has been
reported. This reaction may be due to prior sensitiza-
tion rather than de novo sensitization, which typically
takes longer. This could be due to previous exposure to
minoxidil in hair loss treatments/products or other formu-
lations leading to an accelerated reaction on re-exposure.
Alternatively, cross-sensitization to structurally similar
compounds may explain the reaction. Covert or unre-
cognized previous exposure to minoxidil or related
chemicals may also be a factor.
A challenging issue is whether oral minoxidil can be
administered in individuals with proven contact allergy
to minoxidil. In recent years, oral minoxidil has increa-
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singly been used as an off-label treatment for AGA with
good clinical efficacy and optimal tolerability (3, 30).
This question is critical because systemic contact derma-
titis, i.e., a widespread reaction in individuals sensitized
to a contact allergen, might occur after exposure to the
same allergen via a different route (30). The exact pat-
hophysiology is unknown; an underlying type IV and
possibly type III hypersensitivity reaction have been
suggested (30). Cases of systemic contact dermatitis have
been reported to propylene glycol, but not to minoxidil
(30, 31). The possibility that patients with contact allergy
to topical minoxidil could safely tolerate oral minoxidil
was proposed under the assumption that systemic skin
reactions to topical or oral minoxidil have never been des-
cribed. Consistent with this, Therianou et al. (30) tested
and demonstrated that low-dose oral minoxidil (0.25 mg
twice daily) was well tolerated without adverse effects in
9 female patients with known allergy to topical minoxidil.
However, the possibility of systemic contact dermatitis
cannot be completely ruled out (30, 32). Indeed, some
cases of minoxidil-induced Stevens—Johnson syndrome
or fatal toxic epidermal necrosis have been reported after
systemic minoxidil (33-35). Thus, it is advisable not
only to warn patients with known cutaneous allergy to
minoxidil, but also to be vigilant in all systemic minoxidil
users, as the prevalence of off-label use for hair loss may
easily exceed the rare patients treated for hypertension. In
addition, further detailed allergologic studies are needed
to evaluate the various minoxidil regimens in the context
of allergic contact dermatitis to the minoxidil active
ingredient and to the different minoxidil formulations.
Due to the heterogeneity of test protocols, achieving
consistency in this report is challenging. However, based
on most studies, a patch test could be conducted using
the intended minoxidil product, minoxidil 2% and/or 5%
in Vaseline (petrolatum) and/or minoxidil 2% and/or 5%
with the usual vehicles —typically propylene glycol, etha-
nol, water, butylene glycol, cetyl alcohol or glycerine — as
well as the vehicle alone. The first assessment should be
performed after 48 hours, followed by a second assess-
ment at 72 hours. A possible late evaluation, depending
on the substances, may be conducted later (for example,
after 7 days) (36).

Limitations

The main limitation of a systematic review is the lack
of sufficient data. It generally relies on case reports and
studies with small sample sizes, which may introduce a
selection bias by disproportionately focusing on unique
or notable cases. This is because allergy testing to assess
possible contact sensitization is not often performed
routinely in daily clinical practice. Therefore, the exact
prevalence of ACD to minoxidil remains unknown.
Furthermore, a proper meta-analysis is not possible due to
the heterogeneity of the studies and the patients included.
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Conclusion

Patients with suspected contact dermatitis following use
of minoxidil formulations should undergo patch testing
to determine a causative allergen. When testing, the dif-
ferential reactivity of minoxidil in the various vehicles
should be considered. In the case of sensitization the
advise to the patient should be based on the results of
the allergy test. However, large clinical trials are needed
to demonstrate its safety in patients with contact allergy
to minoxidil.
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