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ABSTRACT

Atopic dermatitis (AD) is a chronic inflamma-
tory skin disease with an estimated prevalence
of 10–15% in children and 2–10% in adults.
Clinically, there is notable phenotypic variabil-
ity driven by a complex interaction between
genetics, immune function, and the environ-
ment. Impairment of the skin barrier plays a
significant role in the pathogenesis of AD. The
apparent beneficial effect of sunlight in patients
with atopic eczema is questioned due to its
capacity to disrupt the skin barrier and generate

free radicals that can damage proteins, lipids,
and DNA. The sum of the external factors that
an individual is exposed to throughout their
lifetime is termed the exposome. Environmen-
tal factors such as sun exposure, temperature,
and humidity contribute to both AD flares and
regional prevalence variation. Literature on
photoprotection in atopic dermatitis is very
scarce. The use of adequate sunscreens in atopic
dermatitis can ensure the level of photoprotec-
tion required to prevent skin photoaging and
skin cancer and to mitigate skin barrier dys-
function, decrease inflammation, and neutral-
ize facial redness. Herein we discuss and review
the role of UV radiation and the exposome in
the etiology of AD, as well as the role of ade-
quate photoprotection.
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Key Summary Points

A topic dermatitis is a common
inflammatory skin disease characterized
by recurrent eczematous lesions and
intense itch that can have an adverse
effect on quality of life.

Key pathogenic mechanisms include a
dysfunctional epidermal barrier and type
2-dominated cutaneous inflammation,
which can be targeted by innovative
biological and small-molecule therapies.

The diagnosis is made clinically, and
management consists of education, the
avoidance of triggers that can exacerbate
the condition, skin care measures, and
various treatment options.

Despite progress in the development of
systemic drugs, topical treatments
continue to be essential for both barrier
function repair and the delivery of anti-
inflammatory molecules.

Natural factors such as ultraviolet
radiation (UVR), temperature, and
humidity also contribute to both AD flares
and regional prevalence variation.

Exposure to solar ultraviolet radiation can
reduce skin barrier function, and
sunscreen use can help to protect against
this UV-induced skin barrier impairment.

Sunscreen-containing moisturizers have
dramatically improved photoprotection
compliance. These products can provide
moisturization by decreasing
transepidermal water loss through the
creation of an environment that is
optimal for barrier repair.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate

understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.13615931

INTRODUCTION

Atopic dermatitis (AD) is a multifocal disease
with a complex pathogenesis. Different triggers
are involved in AD within the context of atopic
diathesis and hypersensitivity reactions of
organs (including skin) that may be caused by
causative factors (physical constitution) and the
vulnerability of barrier function [1].

Exposure to solar radiation is today recog-
nized to be a major causative factor of several
dermatological pathologies that range from skin
cancer and actinic keratosis, inflammatory der-
matoses (including AD), and photoaging. The
use of topical sunscreens to prevent photoaging
and skin cancer is an integral part of the strat-
egy for reducing skin exposure to solar radia-
tion, in combination with other methods such
as using protective clothing and avoiding out-
door activities during hours corresponding to
peak solar radiation [2]. Photoprotection in AD
patients, however, serves dual objectives:
ensuring an adequate level of sun protection
and suppressing the exacerbation of signs and
symptoms of AD that may be induced by solar
exposure. Unfortunately, adverse skin reactions
to sunscreens can be common in AD patients.
Patients with AD may be at greater risk as they
are exposed to a wide variety of potential aller-
gens from these products. As such, the recom-
mendation that sunscreens should be used
requires special consideration for AD patients.
Another critical aspect to consider is the itching
symptomatology, which benefits from the use
of ingredients with emollient and anti-inflam-
matory properties, as they can help to recover
and maintain skin barrier function. To further
complicate matters, while some reports suggest
that sun exposure may worsen patient condi-
tion, these patients generally enjoy relief from
symptoms in the summer months, suggesting
that some sun exposure may be beneficial [3].
Therefore, the sunscreen recommendation for
AD patients must consider this dichotomous
relationship between AD and photoexposure. It
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is important to understand the unique needs of
the AD patient when attempting to optimize
photoprotection in this context.

The aim of this review is to discuss the fac-
tors that make the photoprotection needs of AD
patients unique, and to provide recommenda-
tions regarding the characteristics of sunscreens
for these patients. This article is based on pre-
viously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors. Patients gave
their written consent for the publication of
photographs.

ULTRAVIOLET (UV) RADIATION
AND SKIN BARRIER DYSFUNCTION

The complex interplay among genetics, skin
barrier deficiency, immunological derange-
ment, and pruritus contributes to the develop-
ment, progression, and chronicity of AD.
Abnormalities in filaggrin (FLG), other stratum
corneum (SC) constituents, and tight junctions
(TJs) induce and promote skin inflammation
[4].

FLG is a key epidermal barrier protein
required for the formation of the SC, and is
influenced by environmental factors such as
climate, pollution, and the microbiome [5]. SC
homeostasis relies greatly on FLG and its
metabolic process. Epidermal barrier proteins
also include transglutaminases, keratins, lori-
crin, intercellular proteins, and TJs. Together,
all of these form a permeability barrier between
adjacent cells and involve cell adhesion [6]. FLG
is known to be decreased in the epidermis of AD
patients [7], and null mutation of the FLG gene
is the strongest risk factor for AD. Due to the
compromised barrier function, various allergens
can easily penetrate into the skin and are more
likely to induce contact dermatitis. The pene-
tration of aeroallergens and irritating microor-
ganisms into the dermis contribute to the Th2
immune response observed in lesions [8]. Type
2 cytokines inhibit the expression of structural
cornified barrier proteins such as FLG, loricrin,
involucrin, antimicrobial peptides (AMPs), and
TJs.

Exposure to solar UV radiation can reduce
skin barrier function because it can have dra-
matic effects on cell cohesion and mechanical
integrity that are related to its effects on the
intercellular components of the SC, including
intercellular lipids and corneodesmosomes.
Sunscreen use can help to protect against this
UV-induced skin barrier impairment [9]. Emol-
lient-rich moisturizers are the cornerstone of
AD management because they improve barrier
function, reduce xerosis, itch, and flares, and
reduce the need for anti-inflammatory medica-
tion [10]. Sunscreens containing ingredients
that have emollient properties and can protect
and repair the skin barrier should be recom-
mended in AD patients.

Sunlight can be a friend or foe to those living
with AD. The relationship between AD and
photoexposure is marked by a peculiar dichot-
omy. The majority of AD patients benefit from
UV radiation therapy and from exposure to the
sun in a controlled natural setting [11, 12].
However, an estimated 10% of patients are
reported to show photoaggravation [13]. At
least two studies from Japan have reported
patients with AD who suffer from recalcitrant
facial erythema related to sun exposure [14, 15].
Deguchi et al. [15] demonstrated that 41 (55%)
of 74 AD patients with persistent facial ery-
thema had experienced exacerbation of the
facial lesions after sun exposure. In 28 of those
41 patients, the exacerbation lasted for more
than 48 h. This long-lasting response is consid-
ered to be true photoaggravation by UV
radiation.

Photosensitivity in AD is a well-known but
ill-defined phenomenon that seems to be more
frequent in women, which should be kept in
mind [16]. This can be difficult to recognize in
clinical practice, as the symptoms may also be
explained by other simultaneous exposures,
such as humidity, heat, scratching, pollen
exposure, or psychological factors. Also, some
skincare products and comorbidities such as
polymorphous light eruption could mask or
worsen the sensitivity to UV radiation [17]. In a
retrospective analysis of 17 patients with long-
standing AD who suddenly developed photo-
sensitivity to UVA, the onset of photosensitivity
was reported during spring and summer and
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during exposure to artificial UVR as part of the
patients’ treatment regimen [13].

Although atopic dermatitis is widely known
to be a dermatological condition, the systemic
nature of the disease must not be ignored, as
indicated by some of the comorbidities. Apart
from allergic conditions, these comorbidities
include an increased risk of cardiovascular dis-
ease, certain cancers, as well as a range of
autoimmune and neuropsychiatric diseases
[18]. Systemic immunosuppressive agents that
are used to treat moderate to severe AD, such as
cyclosporine and azathioprine, increase photo-
sensitivity and the risk of skin cancer [19].

Pityriasis alba (PA) is a localized hypopig-
mented disorder of childhood. It is a hallmark
of eczema and probably the clinical expression
of an impaired skin barrier in AD patients [20].
Although PA is very common in children and
adolescents with AD, the cause of PA is still
unknown. As PA frequently involves facial skin,
sun exposure may be considered one of the
factors involved in the multifactorial mecha-
nism of PA development. Hypopigmentation
may be caused by inflammation and an inabil-
ity to transfer melanosomes to surrounding
keratinocytes. Treatment is often bypassed
because of the self-resolving nature of the con-
dition, the high cost of treatment options, and a
slow response to therapy. Mild cleansers and
sunscreens are recommended in PA, though
they will not clear PA lesions [21].

Elderly AD must be considered a separate
clinical type of the disease because of its dis-
tinguishing manifestations that differ from the
childhood manifestation. Apart from the
appearance of lichenified eczema at the ante-
cubital and popliteal fossa, AD can present in
the elderly with atypical clinical phenotypes
such as prurigo nodularis, nummular eczema, or
generalized eczema more frequently than in
other age groups. On the other hand, older
patients often suffer from asteatosis and pruri-
tus due to physiologic skin aging and comor-
bidities, for which they take medications that
may worsen pruritus and dry skin [22].

Finally, some studies even suggest a reduced
risk of malignant melanoma (MM) among AD
patients [23], but they have an increased risk of
other skin cancers as basal cell carcinoma (BCC)

and squamous cell carcinoma (SCC) and require
adequate photoprotection measures [24].

Exposome and Skin Barrier Dysfunction

The exposome is defined as the sum of all fac-
tors that have an effect on skin aging [25].
Exposomal factors can be categorized into
nonspecific (human and natural factors affect-
ing populations), specific (e.g., humidity,
ultraviolet radiation, diet, pollution, allergens,
water hardness), and internal (cutaneous and
gut microbiota and host cell interactions)
exposures.

AD is susceptible to aggravation by several
intrinsic or environmental factors (Fig. 1). Flare-
ups may be instigated by allergic or irritant type
responses triggered by viral infections, food and
environmental allergens, cosmetics (especially
perfume), and weather, among other factors
[26]. Some studies have reported contact sensi-
tivity in patients with recalcitrant AD [27]. In a
recent retrospective Spanish study, one-third of
patients with therapy-resistant AD showed a
benefit after positive patch testing and avoiding
the substances that they were sensitized to [28].

Exacerbations of AD have been observed
with greater concentrations of particulate
(PM10, PM2.5) and gaseous (NO2, volatile
organic compounds, O3, SO2) air pollutants in
several studies [29]. The mechanisms through
which air pollution-induced health effects are
mediated are poorly understood. As air pollu-
tion-induced health effects require the pene-
tration of pollutants into the skin, skin barrier
integrity is probably involved.

Additional lifestyle factors that impact AD
are frequent detergent use, hard water, and
diet [30, 31]. Sleep disturbance is frequently
reported by AD patients. The impact of the
itch–scratch cycle and secondary effects of
inflammatory cytokines on sleep regulation
have been described in these individuals [32].

SUNLIGHT AND PHOTOTHERAPY

Controlled sun exposure has several benefits for
AD patients. In addition to affecting the epi-
dermal barrier, UV exposure also modifies the
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immune reaction. The effect on the immune
system can either be primarily a local effect on
the cutaneous immune system and/or it can
extend to the systemic immune response. Due
to its profound effects on exposed cells and on
local and systemic immune systems, UV can be
used quite effectively in skin phototherapy for
AD patients [33].

UV radiation may also increase the thickness
of the stratum corneum though a phenomenon
called photohardening [34], and reduce the
colonization of Staphylococcus aureus in the skin,
thus preventing the well-known superantigen-
linked exacerbations of AD [35]. Several studies
have suggested that higher temperatures and
lower latitudes may be associated with a lower
prevalence of AD [36–38]. Also, sun exposure
can improve the mood, which is essential for
AD patients who suffer from this chronic dis-
ease that can limit their daily activities. On the
other hand, the long-term cumulative damage
of solar radiation includes photoaging and skin

carcinogenesis. The use of artificial lamps that
emit narrow-band UVB at 311 nm (NB-UVB) is
recommended in AD. Medium-dose ultraviolet
A 340–400 nm (UVA1) appears to be as effective
as NB-UVB but is more time-consuming [39].
Phototherapy using UVA1 and NB-UVB could
be prescribed for selected AD patients. The
results from a recent study (Pacifico et al. [40])
in adult patients with severe AD emphasize that
UVA1 phototherapy should be considered
among the first approaches in the treatment of
patients with severe generalized AD. This study
also demonstrated that in darker-skinned
patients, a high dose of UVA1 is more effective
than a medium dose of UVA1. NB-UVB appears
to be similarly effective to medium-dose UVA1
but is less time-consuming. On the other hand,
a UVB excimer laser and excimer lamp might be
the best options for clearing localized therapy-
resistant lesions [40].

Fig. 1 Solar UV radiation and other exposome factors in AD
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AD AND VITAMIN D

Solar radiation exposure of the skin is the main
source of vitamin D. Low levels of vitamin D,
especially vitamin D3, have been linked to
dermatological disorders, including AD [41, 42].
Furthermore, vitamin D supplementation may
provide a modest benefit in AD, particularly
during winter disease flares [43]. As such, it may
appear that the regular use of sunscreen may be
counterproductive for vitamin D levels. How-
ever, a cross-sectional, nationally representative
survey of 5920 adults aged 18–60 years in the US
showed that frequent sunscreen did not
decrease vitamin D levels [44]. Sunscreens do
not completely block the cutaneous absorption
of UVR; a minor fraction of UVB radiation
penetrates the skin, even through high-SPF
sunscreens [45].

SUNSCREENS AND CONTACT
DERMATITIS

Patients with AD present skin barrier dysfunc-
tion and increased penetration of allergens,
they frequently use emollients and topical
medications, and they may be predisposed to
developing allergic contact dermatitis (ACD)
[46]. ACD is an important comorbidity and can
exacerbate AD.

Contact dematitis or phototoxic and pho-
toallergic cutaneous reactions to topical sun-
screens are rare in the general population and
can be due to UV filters, fragrances, preserva-
tives, or other ingredients. Repeated exposure to
UV filters due to their presence in nonsunscreen
cosmetic products possibly facilitates sensitiza-
tion and may explain why some patients react
to chemically unrelated UV filters [47]. Since
allergic/photoallergic reactions to sunscreens
may be less rare in AD patients, adverse reac-
tions to sunscreens should be minimized. For
this reason, is important for dermatologists to
be aware of reactions to active UV filters [48],
and a photopatch test should always be per-
formed in the case of suspected contact sensi-
tivity to these products [49]. Among chemical
filters, benzophenone-3 (oxybenzone) is the
leading allergen and photoallergen [48].

Although avobenzone and octocrylene are
involved in allergic and photoallergic contact
dermatitis (PACD) reactions [50], the available
data show that they are rare sensitizers and may
be considered safe [51]. Octocrylene is a pho-
tostable UVB and UVAII absorber that photo-
stabilizes avobenzone and works with other UV
filters to deliver broad photoprotection.

SUNSCREENS FOR AD PATIENTS

People affected by AD can be especially vulner-
able to UV light and can find it more of a
challenge to find sunscreen products that work
for their skin. Sunscreen-containing moisturiz-
ers have dramatically improved photoprotec-
tion compliance. These products can provide
moisturization by decreasing transepidermal
water loss (TEWL) through the creation of an
environment that is optimal for barrier repair.

The Vehicle in AD Sunscreens

Using an appropriate combination of ingredi-
ents in a sunscreen formula has the potential to
mitigate barrier dysfunction in AD patients
(Table 1). The use of occlusive agents such as
dimethicone and petrolatum as well as humec-
tants such as glycerin and hyaluronic acid can
help to restore the corneocyte and intercellular
lipid organization [52]. Topical dexpanthenol
acts like a moisturizer, improving stratum cor-
neum hydration, stimulating epithelialization,
reducing TEWL, and maintaining skin softness
and elasticity [53]. Dexpanthenol also mitigates
the itching. Another ingredient is bisabolol, an
active plant extract that is isolated from Ger-
man chamomile and thought to have anti-irri-
tant, anti-inflammatory, and skin-soothing
properties [54].

Two other functional ingredients used in
sunscreen vehicles that are suitable for skin with
atopic dermatitis are alpha-tocopherol and
ectoine. Topical application of alpha-toco-
pherol, the most prominent naturally occurring
form of vitamin E, inhibited UVB-induced
photocarcinogenesis and DNA photodamage in
C3H mice in vivo [55]. On the other hand,

320 Dermatol Ther (Heidelb) (2021) 11:315–325



ectoine is a low-molecular tetrahydropyrim-
idine ingredient with water-binding properties.
Topical application was shown to improve skin
hydration and barrier function in mild to
moderate AD [56] (Table 2).

Prescribing a Sunscreen for a Specific
Patient with AD

When a physician prescribes a topical drug or
cosmetic for the treatment/management of AD,
he or she takes into consideration the age of the
patient, the affected area, and the activity phase
of the eczema. The same holds true for sun-
screens. In the acute phase, the lesional skin is

red and inflamed, hypersensitive, and warm.
Light, refreshing O/W emulsions that allow
perspiration may therefore be appropriate dur-
ing this phase. Moisturizing sprays can also be
comfortable and easy-to-use options. Regarding
the age of the patient, children benefit from
W/O vehicles and physical filters, whereas ado-
lescents need noncomedogenic products and
sometimes tinted sunscreens for camouflage. It
is important to note that unctuous creams can
have an occlusive effect and generate miliaria or
acneiform eruptions. When chronic eczema
(hyperpigmented and thickened lichenified
plaques) affects nonfacial areas, it is very
important to provide hydration and W/O sun-
screens. The physical activity of the patient is

Table 1 Criteria for sunscreens suitable for skin with atopic dermatitis

Criteria for sunscreens suitable for skin with atopic dermatitis

Avoids patient-specific AD triggers

Mineral-based sunscreen ingredients: titanium dioxide (TiO2) and zinc oxide (ZnO) or a combination of chemical and

inorganic filters

Improved sensory attributes for better compliance

SPF 30 or greater

Provides broad-spectrum protection from both UVB and UVA rays

Lightweight texture that protects and repairs an impaired skin barrier

Water resistant

Noncomedogenic and formulated to minimize skin allergies (hypoallergenic)

Contains functional vehicle ingredients such as dexpanthenol, ectoine, vitamin E, bisabolol

Table 2 Summary of useful nonfilter ingredients in sunscreens for AD patients

Ingredient Property

Dexpanthenol Moisturizer; improves stratum corneum hydration, reduces transepidermal water loss, maintains

skin softness and elasticity, and mitigates itch

Vitamin E (alpha-

tocopherol)

Antioxidant; inhibits UVB-induced photocarcinogenesis and DNA photodamage

Ectoine Water-binding properties; topical application was shown to improve skin hydration and barrier

function in AD subjects

Bisabolol Anti-irritant, anti-inflammatory, and antimicrobial properties; relieves pruritus
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also very important. When performing outdoor
sports such as running or tennis, water-resistant
sunscreens or even products that can be applied
to wet skin are needed. Furthermore, they
should be safe in the event of accidental contact
with the eyes.

Choosing UV Filters for AD Sunscreens

UV filters are the active ingredients of sunscreen
products, and can be classified into organic
(chemical) and inorganic UV filters. Organic
filters can absorb UVB, UVA, or both radiations
through their aromatic moieties, while inor-
ganic filters attenuate UVB/UVA mainly by
absorption, along with some scattering. UV fil-
ters are regulated globally as either cosmetics,
quasi-drugs, or over-the-counter (OTC) drugs.
Prior to their approval, UV filters are subjected
to a stringent level of testing to detect possible
safety issues. Despite this, the safety of sun fil-
ters has been challenged on the basis that they
may cause contact and photocontact allergies,
may be endocrine disruptors, or may penetrate
the skin, resulting in systemic exposure. Before
recommending a sunscreen product for a sub-
ject with AD, the patient should be asked about
previous irritant or ACD and/or photoallergic/
phototoxic cutaneous reactions. It is important
to recommend a broad-spectrum sunscreen that
has been developed to minimize the incidence
of skin allergies, and to instruct the patient to
apply a small amount of the sunscreen on the
inside of the forearm for a few days to check if
there is a skin reaction. If the AD subject does
not have a prior history of intolerance to
chemical filters, a broad-spectrum sunscreen
that has an SPF of 30 or higher and is based on
chemical filters or on a combination of chemi-
cal and inorganic filters should be recom-
mended. These types of sunscreens have better
sensory attributes and consumer compliance
than sunscreens based only on inorganic filters.
For AD subjects with a history of ACD or pho-
toallergic/phototoxic cutaneous reactions
induced by chemical sun filters, a broad-spec-
trum sunscreen with an SPF of 30 or higher that
is based exclusively on physical (inorganic) fil-
ters is best. The UV action spectrum of the

inorganic particulate filters (zinc oxide and
titanium dioxide) is UVB/UVA, and these UV
filters show low rates of sensitization and low
allergenic potential. The first generation of
these inorganic UV filters yielded an unsatis-
factory whitened appearance when they were
applied to the skin due to their large particle
size and high refractive index. However, the
micronized versions of these particles, nano
zinc oxide and nano titanium dioxide, are
almost completely transparent and as such
more cosmetically appealing. Although con-
cerns have been raised about the ability of these
metal oxide nanoparticles to penetrate into the
skin and generate reactive oxygen species,
published studies suggest that the microsized
and nanosized ZnO and TiO2 particles used in
sunscreen products do not penetrate into the
skin, they are not toxic, irritating, sensitizing, or
photosensitizing, and they do not pose a risk to
humans [57].

The use of a combination of liposoluble and
water-soluble UV filters may allow the total
amount of UV filters needed to achieve broad-
spectrum sun protection to be reduced, which
could decrease adverse skin reactions and the
impact of the sunscreen on the marine
environment.

CONCLUSION

AD is a chronic and highly prevalent skin dis-
order [58] that can seriously degrade quality of
life. UV radiation plays an important role in the
pathogenesis of AD and can aggravate this dis-
order. Appropriate skin care, including the reg-
ular use of moisturizers, is the cornerstone of
therapy for AD. Due to the propensity of AD
patients to suffer from dryness, pruritus, and
impairment of the skin barrier, broad-spectrum
sunscreens for AD patients should ideally con-
tain ingredients that have emollient/moisturiz-
ing properties and can repair the skin barrier.
These adequately formulated sunscreens will
deliver the required UVB/UVA protection while
also moisturizing the skin, repairing skin barrier
dysfunction, relieving itch, and possibly reduc-
ing inflammation and providing camouflage.
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Hladı́ková M, Holcová S. Effect of topical heparin
and levomenol on atopic dermatitis: a randomized
four-arm, placebo-controlled, double-blind clinical
study. J Eur Acad Dermatol Venereol. 2011;25(6):
688–94.

55. McVean M, Liebler DC. Prevention of DNA photo-
damage by vitamin E compounds and sunscreens:
roles of ultraviolet absorbance and cellular uptake.
Mol Carcinog. 1999;24(3):169–76.

56. Marini A, Reinelt K, Krutmann J, Bilstein A. Ectoine-
containing cream in the treatment of mild to
moderate atopic dermatitis: a randomized, com-
parator-controlled, intra-individual double-blind,
multi-center trial. Skin Pharmacol Physiol.
2014;27(2):57–65.

57. Osmond-McLeod MJ, Oytam Y, Kirby JK, Gomez-
Fernandez L, Baxter B, McCall MJ. Dermal absorp-
tion and short-term biological impact in hairless
mice from sunscreens containing zinc oxide nano-
or larger particles. Nanotoxicology. 2014;8(Suppl
1):72–84.

58. Laughter MR, Maymone MBC, Karimkhani C, et al.
The burden of skin and subcutaneous diseases in
the United States from 1990 to 2017. JAMA Der-
matol. 2020;156(8):874–81.

Dermatol Ther (Heidelb) (2021) 11:315–325 325


	The Role of Photoprotection in Optimizing the Treatment of Atopic Dermatitis
	Abstract
	Digital Features
	Introduction
	Ultraviolet (UV) Radiation and Skin Barrier Dysfunction
	Exposome and Skin Barrier Dysfunction

	Sunlight and Phototherapy
	AD and Vitamin D
	Sunscreens and Contact Dermatitis
	Sunscreens for AD Patients
	The Vehicle in AD Sunscreens
	Prescribing a Sunscreen for a Specific Patient with AD
	Choosing UV Filters for AD Sunscreens

	Conclusion
	Acknowledgements
	References




