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ABSTRACT

Urea is a hygroscopic molecule (capable of
absorbing water) present in the epidermis as a
component of the natural moisturizing factor
(NMF) and is essential for the adequate hydra-
tion and integrity of the stratum corneum. Urea
improves skin barrier function including
antimicrobial defense by regulating gene
expression in keratinocytes relevant for their
differentiation and antimicrobial peptide pro-
duction. It also plays a fundamental role in
regulating keratinocyte proliferation. One of
the first uses of urea in modern medicine was
the topical treatment of wounds due to its

proteolytic and antibacterial properties. At pre-
sent, urea is widely used in dermatology to
improve skin barrier function and as one of the
most common moisturizers and keratolytic
agents. Urea-containing formulations are avail-
able in diverse formulations and concentra-
tions. Multiple clinical trials on the use of urea-
containing formulations have shown signifi-
cant clinical improvement in many of the der-
matosis presenting with scaly and dry skin such
as atopic dermatitis, ichthyosis, xerosis, sebor-
rheic dermatitis and psoriasis, among others.
Furthermore, urea can increase skin penetration
and optimize the action of topical drugs. Urea-
based products are well tolerated; their side
effects are mild and are more frequent at high
concentration. Here, we present a review of the
use of urea in dermatology, discussing its
mechanism of action, safety profile and fre-
quent indications.
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Dermik. Multidisciplinary Dermatology Clinic,
Barcelona, Spain
e-mail: jaime.piquero@e-campus.uab.cat

D. Morgado-Carrasco
Dermatology Department, Hospital Clı́nic de
Barcelona, Universitat de Barcelona, Barcelona,
Spain

C. Granger � C. Trullàs
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Key Summary Points

Urea is widely used in dermatology to
improve skin barrier function and as one
of the most common moisturizers and
keratolytic agents

Urea plays a fundamental role in
regulating keratinocyte proliferation, the
skin’s barrier function and antimicrobial
defense

Urea induces the expression of filaggrin,
loricrin and transglutaminase-1, i.e.,
genes which are important for
keratinocyte differentiation and thus skin
barrier function

Urea-containing formulations have shown
significant clinical improvement in many
of the dermatoses presenting with scaly
and dry skin such as atopic dermatitis,
ichthyosis, xerosis, seborrheic dermatitis
and psoriasis

It can be easily incorporated into
dermatological preparations because it is
highly water soluble

Urea can increase skin and nail
penetration and optimize the action of
topical drugs

Compounds with low urea concentration
(2%–10%) are indicated for moisturizing
and optimizing the skin’s barrier function,
medium concentration (10%–30%) for
moisturizers and keratolytics and high
concentrations (C 30%) for keratolytics
and debriding necrotic tissue

INTRODUCTION

Urea is a low-molecular-weight organic mole-
cule composed of a carbonyl group attached to
two amine residues. It is produced mainly after
hepatic digestion of proteins. Urea is a hygro-
scopic molecule (capable of absorbing water)

present in the epidermis as a component of the
natural moisturizing factor (NMF) and is essen-
tial for the adequate hydration and integrity of
the stratum corneum. A reduction in the
hygroscopic capacity of the skin can increase
transepidermal water loss (TEWL), deregulate
epidermal proliferation and inhibit skin
desquamation, inducing hyperkeratosis and
pruritus [1].

Urea is a topical emollient and moisturizing,
keratolytic and antipruritic agent, and it plays a
key role in keratinocyte gene regulation. In
Asia, Africa and Europe, the therapeutic use of
urine (urotherapy) has been documented for
centuries. One of the first uses of urea in mod-
ern medicine was the topical treatment of
wounds due to its proteolytic and antibacterial
properties [2]. Currently, urea is widely used in
dermatology. It is prescribed for the treatment
of diverse dermatoses presenting with scaly and
dry skin such as atopic dermatitis, ichthyosis,
seborrheic dermatitis and psoriasis, among
others [3]. Furthermore, urea can increase skin
penetration and optimize the action of topical
drugs [3]. Urea-containing formulations are
available in diverse formulations and
concentrations.

Topical urea is a well-tolerated treatment; its
side effects are mild and are more frequent at
high concentration. Here, we present a review
of topical urea in dermatology, discussing its
mechanism of action, safety profile, formula-
tions and frequent indications.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

SAFETY PROFILE

Urea-based formulations are well tolerated.
Urea-containing creams may present an
unpleasant odor, caused by volatile amine, but
it dissipates rapidly [4]. Mild skin irritation is
occasionally observed and can be more frequent
with use at higher concentration. This adverse
effect is temporary and usually self-resolving.
We have only found one reported case of aller-
gic contact dermatitis to a cream containing a
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high concentration of urea, among other com-
ponents, and the adverse effect was probably
secondary to an ingredient other than urea [5].

MECHANISM OF ACTION

1. Increases moisturization of the stratum
corneum (Table 1).

Urea reduces TEWL and increases water
retention and the resistance of the stratum
corneum against osmotic stress. Furthermore,
urea can act as an endogenous humectant
replacing water in low humidity conditions
[6, 7].

2. Improves skin’s barrier function and
antimicrobial defense (Fig. 1):

Keratinocytes express functionally active
urea transporters. In this cell type, urea uptake

was found to be associated with active regula-
tion of the transcriptional expression of genes
encoding for urea transporters and beyond.
Specifically, urea induces the expression of
filaggrin, loricrin and transglutaminase-1, i.e.,
genes which are important for keratinocyte
differentiation and thus skin barrier function
[8]. Transglutaminase-1 catalyzes the formation
of isopeptide protein–protein crosslinks, allow-
ing the construction of the mechanically resis-
tant envelope composed of proteins such as
involucrin and locrinin (its major component),
which encloses corneocytes [8]. Filaggrin is a
crucial epidermal protein which contributes to
the structure of the stratum corneum and to
skin barrier function. Filaggrin mutations can
be observed in genodermatoses such as ich-
thyosis vulgaris, caused by loss-of-function
mutations in the filaggrin gene, and character-
ized by dry skin and scaling, or in inflammatory
chronic dermatoses such as atopic dermatitis

Table 1 Effects of urea on the skin

Increases moisturization of the stratum

corneum

Reduces TEWL

Increases water retention

Enhances the resistance of the stratum corneum against osmotic stress

Acts as an endogenous humectant replacing water in low humidity conditions

Regulates epidermal proliferation Decreases DNA synthesis in basal cells and prolongs the generation time of

post-mitosis epidermal cells

Induces a reduction in cellularity

Enhances the skin’s barrier function and

antimicrobial defense

Increases the gene expression of antimicrobial peptide, cathelicidin and b-

defensin-2

Augments mRNA and protein levels of transglutaminase-1, involucrin, loricrin

and filaggrin

Upregulates genetic transcription involved in epidermal differentiation

Enhances lipid synthesis

Upregulates AMP

Keratolytic action Denatures keratin by breaking their hydrogen bonds or by inducing

conformational changes in their protein structure

Increases drug penetration Facilitates the transport of antifungals, corticosteroids and hormones through

the skin and nails

TEWL transepidermal water loss

Dermatol Ther (Heidelb) (2021) 11:1905–1915 1907



(AD) [6]. AD patients with filaggrin mutations
have more frequent hospital admissions and
reduced health-related quality of life than AD
individuals with wild-type fillagrin [6]. Filaggrin
expression has shown the strongest upregula-
tion after urea treatment [8]. This is in line with
the observation that urea treatment was found
to normalize skin barrier function and to
upregulate AMP expression in a murine model
of AD [8]. Accordingly, controlled clinical
studies have demonstrated that topical appli-
cation of urea is effective in reducing TEWL and
thus in improving skin barrier function. Urea
also induces the transcriptional expression of
the antimicrobial peptides cathelicidin and b-
defensin-2 in cultured keratinocytes in vitro
and in human skin in vivo, further emphasizing
its effectiveness in improving skin barrier func-
tion [8].

3. Regulates epidermal proliferation

Urea is a highly active molecule and an
important regulator of epidermal structure and
function. Urea plays a fundamental role in
controlling keratinocyte proliferation: it
decreases DNA synthesis in basal cells and pro-
longs the generation time of post-mitosis epi-
dermal cells. Urea induces a reduction in
cellularity, resulting in epidermal thinning [9].

4. Keratolytic action

Urea at higher concentrations can denature
proteins such as keratin by breaking their
hydrogen bonds [6] or by inducing conforma-
tional changes in their protein structure [3].

5. Increases drug penetration

Urea can facilitate the transport of molecules
such as antifungals, corticosteroids and hor-
mones through the skin and nails. This effect
seems to be secondary to increased water

Fig. 1 Mechanism of action of urea on the skin. Urea
transport is mediated through specific transporters (UT-
A1, UT-A2, aquaporin-3 and aquaporin-9). Urea upreg-
ulates these transporters and gene expression involved in

keratinocyte differentiation, lipid synthesis and antimicro-
bial peptide production, thus enhancing skin barrier
function and antimicrobial defense
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absorption by keratinocytes in the presence of
urea and to its keratolytic action [6].

TOPICAL FORMULATIONS
CONTAINING UREA

Urea can be easily incorporated into dermato-
logical preparations because it is highly water
soluble. There are multiple vehicles and for-
mulations (creams, lotions, emulsions, oint-
ments, gels, shampoos and nail lacquers, among
others) and concentrations of urea available in
over-the-counter products and prescription
medications, which allows great versatility in its
prescription. Diverse factors must be considered
before choosing the most adequate product: the
disorder to be treated, severity, area of the body
involved (and its extension) and cosmetic
acceptability [10]. In general, compounds with
low urea concentration (2%–10%) are indicated
for moisturizing and optimizing the skin’s bar-
rier function [11], medium concentration
(10%–30%) for moisturizers and keratolytics
[12] and high concentrations (C 30%) for kera-
tolytics and for debriding necrotic tissue [4]
(Table 2).

MAIN INDICATIONS FOR UREA
IN DERMATOLOGY

Maintaining Healthy Skin

Products with low or medium concentration
(2%–20%) of urea may be indicated for routine
skin care in individuals without skin disorders
[3, 11–13]. Urea can decrease TEWL [13],
increase the water content of the stratum cor-
neum, optimize the skin barrier function and
upregulate antimicrobial peptides in the skin
[8]. It has also been shown to decrease skin
reactivity to irritants such as sodium lauryl
sulfate [13]. Furthermore, the addition of 5%
urea to a hydroalcoholic gel reduced TEWL,
dryness and skin reactivity [14]. Regulatory
properties of urea at the epidermis could even
help to reduce skin aging [15].

Choosing an emollient/moisturizer among
the vast variety of available products can be
challenging. The ideal emollient/moisturizer
should reduce TEWL, restore the skin barrier
function, be hypoallergenic, non-comedogenic
and fragrance-free, be easily absorbed and have
an acceptable cost [10]. Urea-containing

Table 2 Urea concentration, effects and indications

Concentration Effect Indications

Low (2%–10%) Hydrant Maintaining healthy skin

Xerosis

Prevention and treatment of ichthyosis, atopic dermatitis

and psoriasis

Prevention of radiation-induced dermatitis

Medium

(10%–30%)

Hydrant, keratolytic and topical drug

enhancer

Maintaining healthy skin

Xerosis

Ichthyosis, atopic dermatitis and psoriasis

High (30%–50%) Keratolytic and topical drug enhancer Localized hyperkeratosis (psoriasis, keratoderma, callosities

or corns)

Dandruff

Nail disorders

Pretreatment of hyperkeratotic actinic keratoses
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formulations can potentially offer these char-
acteristics and be indicated for maintaining
healthy skin and for treating a wide range of
skin disorders, as discussed in the following
sections.

Atopic Dermatitis

The skin of patients with AD is characterized by
increased TEWL and dysfunction of the skin
barrier [16]. The use of emollient and moistur-
izing creams is considered a cornerstone of the
management of this disorder [16, 17]. The
impact of moisturizers on AD management has
been documented in a large number of clinical
trials of varying quality and design [18]. How-
ever, given the wide variety of products avail-
able, choosing an emollient/moisturizer can be
difficult, and some products may even worsen
AD or induce contact dermatitis [16, 18].

Urea-containing preparations have been
shown to decrease TEWL and improve hydra-
tion of the stratum corneum and water-binding
capacity in eczematous skin [3, 11, 13, 19]. In a
murine model of AD, a urea-based formulation
improved the antimicrobial defense and the
barrier function of the skin by regulating genes
involved in the production of antimicrobial
peptides, differentiation of keratinocytes and
lipid synthesis [8]. The use of topical urea at
concentrations ranging from 4% to 20% has
been documented in multiple clinical trials
[18–25]. A systematic review of the use of
emollients in AD found that clinical effective-
ness appears most well documented for urea-
based preparations and recommends topical
urea as a first-line choice in AD [18]. A ran-
domized clinical trial (RCT) demonstrated the
superiority of urea 4% versus glycerin 20% in
reducing TEWL in patients with AD [19]. An
RCT comparing two urea-based formulations
(5% urea moisturizer vs 10% urea lotion) found
no significant differences between them in
reducing the Scoring Atopic Dermatitis
(SCORAD) severity index [22].

Regarding prevention of AD relapse, an RCT
including 172 AD patients showed that pro-
longed use of a preparation containing 5% urea
significantly increased the eczema-free time,

reducing the risk of relapse by 37% [21]. Similar
findings were reported in another RCT on 53
individuals with hand eczema [20].

Xerosis

Multiple clinical studies support the use of urea-
containing formulations at varying concentra-
tions (most frequently 10%) for the treatment
of xerosis in individuals with or without skin
disorders [3, 6]. A controlled clinical study of 12
patients presenting with severe dry skin on the
inferior extremities showed a significant reduc-
tion in TEWL after twice-daily application of a
15% urea cream [26]. A placebo-controlled,
double-blind study of 21 healthy individuals
showed that a once-daily application of a 20%
urea-containing cream led to a significant
reduction of TEWL [8]. An experimental study
of five healthy subjects has demonstrated that a
20% urea-based cream significantly increased
the water content of the stratum corneum [27].

Xerosis in the elderly: Xerosis can affect up to
75% of older adults. In a prospective study of 42
individuals [ 60 years old, application of a 5%
urea-containing cream showed increased skin
hydration compared to a control emollient [28].
In an experimental study of ten patients with
senile xerosis, the application of a 10% urea-
based cream led to marked clinical improve-
ment [29].

Xerosis in patients with diabetes mellitus:
Xerosis is frequently observed in diabetic
patients and can increase the risk of skin infec-
tion and ulceration. In an RCT of 40 individuals
with type 2 diabetes mellitus, a 5% urea-based
formulation with other ingredients such as
arginine and carnosine increased skin hydration
and significantly decreased xerosis compared to
a glycerol-based emollient [30]. In another RCT
of 40 patients with diabetes [ 60 years a mois-
turizer containing 10% urea provided faster and
better clinical improvement of xerosis of the
feet than a control emollient [31]. A double-
blind pilot study of 30 diabetic individuals
compared the efficacy of a cream containing
10% urea and a cream containing 25% urea in
the treatment of anhydrosis in the diabetic foot.
Although both urea creams induced a
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significant increase in skin hydration, the 25%
urea cream produced better results [32].

Xerosis in hemodialyzed patients: Xerosis is
very common among patients undergoing
hemodialysis. Associated factors for the devel-
opment of xerosis in these individuals include
accumulation of uremic toxins, presence of
comorbidities such as diabetes mellitus and
viral hepatitis, and systemic inflammation,
among others. An RCT on 15 hemodialysis
patients with severe xerosis showed that the use
of a lotion containing 10% urea and dexpan-
thenol led to significant clinical improvement
and reduction in pruritus [33].

Foot xerosis: Xerosis of the feet is a very
common condition. A systematic review of the
literature revealed that emollients containing
urea have been the most researched [34]. Four-
teen studies using urea in varying concentration
(5%–40%) have shown good clinical responses
[34].

Ichthyosis

Ichthyoses are a group of genetic disorders
characterized by cutaneous xerosis. Ichthyosis
vulgaris (IV) is the most prevalent subtype.
More than a dozen clinical trials carried out on
patients with diverse ichthyoses, using urea-
based formulations at concentrations ranging
from 2% to 10% (10% has been the most fre-
quently used), have shown significant
improvement of clinical parameters together
with increased water retention capacity of the
stratum corneum [3, 11]. In an RCT on 30 IV
patients, a 10% urea formulation demonstrated
a greater reduction in flaking, roughness, red-
ness and cracking compared to a glycerol-based
emollient cream [35]. In a double-blind clinical
trial on 84 IV individuals, a urea-based cream
was significantly better in controlling the ich-
thyosis than 2% salicylic acid ointment and
paraffin [36]. In a prospective study on five
patients with IV, a 10% urea-containing emul-
sion significantly decreased pruritus and xerosis
in all individuals. Videodermatoscopy and
confocal reflectance microscopy were per-
formed, revealing a marked reduction in
desquamation and normalization of furrow size

and morphology [37]. In patients with IV, urea
can not only increase stratum corneum hydra-
tion, but may also upregulate filaggrin gene
expression [11, 37].

Psoriasis

Urea-based formulations can improve hydra-
tion of the stratum corneum and its water
retention capacity and decrease TEWL, pruritus,
desquamation and hyperkeratosis in patients
with psoriasis [3, 4, 12, 38]. High urea concen-
tration (40%–50%) can be an excellent alterna-
tive in the treatment of localized hyperkeratotic
plaques of psoriasis [4]. Urea at 40% together
with bifonazole 1% can be effective in the
management of scalp psoriasis [3]. Medium urea
concentration (17%) together with 0.1%
dithranol has shown good clinical responses [3].
In an RCT on 70 patients with scalp psoriasis,
the use of a urea-based shampoo significantly
reduced itching and psoriasis severity index
scores [39]. While medium or high urea con-
centration is usually indicated in psoriasis,
some studies support the use of low urea con-
centration (5% to 12%) [12]. Urea at low con-
centration can also increase the effectiveness of
topical betamethasone and calcipotriol [11, 38].

Hyperkeratosis and/or Palmoplantar
Keratodermas

Palmoplantar keratodermas are a broad spec-
trum of acquired and hereditary disorders
characterized by abnormal thickening of the
skin on the palms and soles. Urea at[ 30%
concentration may be a good alternative for
symptomatic treatment [12, 40]. Urea can be
indicated together with topical salicylic acid,
lactic acid, retinoids and corticosteroids.

Targeted therapy has revolutionized cancer
therapy, and a wide range of dermatologic
adverse events has been described. Hand-foot
skin reaction (HFSR) is characterized by painful
hyperkeratotic lesions on the palms and soles
and can severely affect health-related quality of
life and lead to discontinuation or drug dose
reduction. An RCT on 871 patients with
advanced hepatocellular carcinoma treated
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with sorafenib showed that prophylactic treat-
ment with a 10% urea-based cream can signifi-
cantly reduce HFSR rates, extend the time to its
first occurrence and improve patient quality of
life [41]. Similar findings were reported in a
recent RCT on 288 patients under sorafenib
therapy [42].

Irradiation-Induced Dermatitis

Radiation-induced dermatitis is one of the most
common side effects of radiation therapy. In a
prospective study of 98 patients with breast
cancer, intensive use of a lotion containing 3%
urea, polidocanol and hyaluronic acid doubled
the probability of not developing radioder-
matitis during radiotherapy, and intensive use
was more effective than standard use in reduc-
ing the incidence of skin toxicity and skin tox-
icity grade 2 or higher [43].

Seborrheic Dermatitis of the Scalp

The most frequently prescribed pharmacologi-
cal treatments for seborrheic dermatitis are
antifungals and corticosteroids. Urea has anti-
fungal and antimicrobial properties together
with high moisturizing capacity and a kera-
tolytic effect. The use of keratolytics can pre-
vent scaling or crusting in patients with
seborrheic dermatitis and can increase the
penetration of topical drugs [44]. In a clinical
study of patients with mild-moderate seborrheic
dermatitis, the use of a shampoo containing
urea, glycolic acid, salicylic acid, pale ichthyol
and laureth significantly reduced irritation and
itching and improved hair appearance [40]. The
use of a formulation containing 40% urea and
1% bifonazole may be an option in severe cases
[3].

Actinic Keratosis and Cancerization Field

Treatment of hyperkeratotic actinic keratoses
can be challenging. Pretreatment with kera-
tolytics such as urea-based formulations at high
concentration (40%), salicylic acid or topical
retinoids can increase response rates [45].

Nail Disorders

Urea at 40%–50% has been extensively used for
the treatment of nail disorders; it can enhance
nail permeability and soften the nail plate [4].
Urea at medium or high concentrations can
improve the efficacy of topical antifungal drugs
by increasing penetration and biodisponibility
[4, 6, 12]. A recent systematic review showed
that 40% urea plus topical antifungals can
induce clinical improvement in 29%–85% of
cases [46].

Urea at high concentration can be an excel-
lent alternative in the management of nail
psoriasis, onychogryphosis and pincer nails,
among others, as it can allow cutting and
proper care of thickened nails, reducing patient
discomfort, with minimal associated adverse
events. The application of urea under occlusion
leads to faster clinical responses [4].

Tinea Pedis

Tinea pedis can take a chronic and recalcitrant
course. Urea has antimicrobial properties and
reduces flaking and cracks. The use of urea at
low concentration (10%) together with topical
antifungals can reduce treatment duration and
improve clinical response [2]. Urea at high
concentration can be useful in the management
of hyperkeratotic tinea pedis.

CONCLUSIONS

Urea plays a fundamental role in regulating
keratinocyte proliferation, the skin’s barrier
function and antimicrobial defense. Urea-based
formulations are well tolerated and one of the
most commonly prescribed moisturizers and
keratolytic agents for dermatologic patients.
Urea-containing formulations can be indicated
to maintain healthy skin and treat a wide range
of skin disorders such as AD, xerosis, psoriasis,
ichthyosis and seborrheic dermatitis, among
many others, and to improve penetration of
topical drugs into the skin and nails.

The effects of urea on gene expression pre-
dict, in the near future, a relevant role for urea-
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containing formulations for skin barrier
therapy.
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