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>> The etiology of atopic derma-
titis (AD), characterized by 

chronic, relapsing flares of erythema, 
xerosis, and pruritus,1 likely represents 
a complex interplay between genetics 
and environment, which influences the 
severity of symptoms and presenta-
tion. Known risk factors for the devel-
opment of AD include a first-degree 
relative with atopy and mutations in 
the gene coding for filaggrin.2,3 The 
hygiene hypothesis provides an intrigu-
ing environmental explanation for 
the increased incidence of AD seen in 
recent years, especially in developed 
countries: as populations continue to 
become more urban and living condi-
tions more sanitary, children experi-
ence reduced exposure to external 
antigens and microorganisms, possibly 
predisposing them to inappropriate 
autoimmune Th2 responses.4,5

The pathogenesis of AD continues 
to be elucidated, but it is thought that 
early disruption of the skin barrier 
plays a significant role in its develop-
ment.6 While therapeutic regimens 
for existing AD are well described in 
the literature, methods of prevention 
continue to be an area of debate. It 
was estimated that in 2015, the total 
economic burden of AD in the US was 
upwards of $5 billion, and the impact 
on the quality of life of patients and 
families only adds to this significant 

financial cost.7 However, a 2017 study 
showed that daily moisturization may 
represent a cost-effective, preventative 
strategy in high-risk infants to reduce 
the burden of AD. When measured in 
incremental cost-effectiveness values 
($/QALY) for a six-month window, the 
benefit was significant enough (0.021) 
to qualify prophylactic moisturiza-
tion to meet the National Institute 
for Health and Care Excellence of the 
UK’s threshold for cost-effectiveness.8 
Currently, up to 20 percent of chil-
dren and three percent of adults are 
affected by AD, and these numbers are 
on the rise, making it clear that further 
research into evidence-based, easy-
to-implement prevention strategies is 
needed.9 This discussion explores the 
ways in which novel prevention strate-
gies may target points of disruption in 
the pathogenesis of AD and potentially 
prevent or delay development of AD. 

THE SKIN BARRIER
A better understanding of the struc-

ture and function of the skin barrier has 
led to more sophisticated prevention 
strategies for AD, particularly in the 
fields of moisturizers and probiotics. To 
understand why these treatments have 
been effective, it is necessary to review 
how the skin barrier is disrupted in 
AD and how these modalities address 
these disruptions. Strugar, et al. suggest 

a functional model to understanding 
the skin barrier. An outer microbiome 
layer is followed by a chemical layer, a 
physical layer, and an inner immuno-
logic layer. The outer microbiome of the 
skin is composed of a variety of com-
mensal organisms in healthy individuals 
but is characterized by an increase in 
Staphylococcus aureus in AD.6,10 The 
exact mechanism of how alterations 
in the skin microbiome lead to barrier 
disruption is unclear, but S. aureus is 
known to produce exotoxins that cause 
breakdown of the skin and may lead to 
increased penetration of allergens and 
antigens from the environment into 
deeper layers of the skin. These foreign 
antigens may subsequently sensitize 
resident immune cells and result in an 
inflammatory response.6 In patients 
with AD, both areas of normal skin and 
affected skin show colonization with S. 
aureus, at 39 percent and 70 percent, 
respectively.10 Probiotic-, prebiotic-, and 
synbiotic-based prevention strategies 
seek to encourage growth of com-
mensals seen in healthy individuals and 
to prevent over-colonization with S. 
aureus.2,10

The discovery that patients with AD 
often have loss of function (LOF) muta-
tions in the FLG gene coding for filaggrin 
has furthered our understanding of the 
physical and chemical disruptions of 
the skin barrier present in AD. Filaggrin 
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aggregates keratin filaments to create 
keratin bundles that form a rigid struc-
ture and stabilize the corneocytes of the 
stratum corneum (SC). The breakdown 
products of filaggrin make up a part of 
the chemical layer of the skin and form 
“natural moisturizing factor” (NMF) 
found in the SC which helps to hydrate 
the skin by retaining moisture with 
hygroscopic elements.6,10 A combina-
tion of ceramides, cholesterol, and fatty 
acids forms a lipid-based binding layer 
between the corneocytes, which pre-
vents additional loss of water and also 
helps seal the SC from epicutaneous anti-
gens.12 In AD, each of these physical and 
chemical components may be disrupted. 
LOF mutations in FLG result in reduced 
production of filaggrin and subsequent 
loss of stability and hydration in the 
SC. Reduced levels of filaggrin are also 
thought to play a role in the loss of lipid 
secretion from keratinocytes, leading to 
incomplete sealing of the SC and further 
water loss with barrier dysfunction. The 
combined effect of these changes results 
in disruption of the skin barrier and 
increased penetration of pro-inflamma-
tory allergens and microorganisms into 
the immunologic layer.6,13 

Prevention efforts focus on the use of 
moisturizers to both hydrate the skin 
and form a protective layer within and 
over the disrupted skin barrier. It is pos-
sible that moisturizers may also alter 
the skin barrier by reducing bacterial 
colonization. A prospective, randomized 
trial compared the efficacy of a cream 

containing a 5% lysate of Vitreoscilla fili-
formis with a control cream and found 
that those who received the cream plus 
lysate had significantly decreased dis-
ease severity (as measured by SCORAD, 
pruritus, and lack of sleep) over 30 days. 
The authors posited that the antimicro-
bial peptides contained within the  
V. filiformis lysate may have reduced the 
amount of S. aureus colonization. Even 
lesional skin without S. aureus coloniza-
tion showed improvement, possibly 
suggesting an additional immunomodu-
latory effect of the lysate.4 While not a 
trial specifically measuring prevention of 
AD, it nonetheless is an exciting finding 
that supports alteration of the microbi-
ome as a method of controlling AD. 

MOISTURIZERS
Regular application of moisturizers is 

a critical component of therapy for AD 
and currently carries a class IA recom-
mendation.14 Moisturizers can broadly 
be classified into three different types: 
humectants, occlusives, and emollients 
(Table 1). Humectants work to hydrate 
the SC by drawing water from deeper 
within the skin and surrounding air 
into the SC.12,13 Products containing 
glycerin, alpha hydroxy acids, hyal-
uronic acid, sorbitol, and urea all have 
humectant properties. Occlusives form 
a water-resistant layer over the surface 
of the skin to prevent water loss from 
the SC; some examples include lanolin, 
mineral oils, petrolatum, and silicone.13 
AD often flares during the dry winter 

months, and combining a humectant 
with an occlusive has been shown to 
be effective for treatment.12 

Emollients have a higher lipid content 
than both humectants and occlusives 
and are able to incorporate deeper into 
the SC, filling the gaps surrounding cor-
neocytes and helping to retain moisture. 
Ingredients such as glyceryl stearate, 
isopropyl palmitate, shea butter, and 
stearic acid have emollient properties, 
and it may be of use to pair them with 
a humectant in a similar fashion as is 
suggested with occlusives.6,13 Many 
ingredients can have multiple functions 
in a formulation, however, and finished 
products frequently have all of these 
properties to some degree.

Moisturizers have been a mainstay 
in treatment of AD, but it remains 
unclear which type of moisturizer and 
what duration of use from birth helps 
achieve prevention. It is known that the 
infant skin barrier does not function as 
well as adult skin during the first year 
of life; thus, this may be a critical time 
for intervention with full-body moistur-
izers in high risk infants.15 Although an 
established regimen depicting primary 
endpoints does not yet exist, it is thought 
that supporting the barrier is an appro-
priate goal, and as such, liberal and fre-
quent use of the desired moisturizer may 
be a method for prevention of AD.14,16

A promising pilot study sought to 
determine whether daily application of 
moisturizer therapy from birth reduces 
the incidence of AD in high-risk infants. 

TABLE 1: CLASSES OF MOISTURIZERS

Class Humectants Occlusives Emollients 

Mechanism of Action Retain water content in the SC through 
water-attracting properties 

Prevent transepidermal water loss 
by creating a water-resistant layer 
over the skin

Contribute to skin barrier function by 
filling gaps surrounding corneocytes 
deep in the SC

Indications All classes indicated for xerosis, roughness, atopic dermatitis, ichthyosis 

Examples Glycerin, alpha hydroxy acids, hyaluronic 
acid, sorbitol, urea

Waxes, lanolin, mineral oils,  
petrolatum, silicone

Collagen, colloidal oatmeal, elastin, 
glyceryl stearate, isopropyl palmitate, 
shea butter, stearic acid
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Types of moisturizers used ranged 
from sunflower seed oil, liquid paraffin 
50% in soft white paraffin, Doublebase 
Gel, Cetaphil Cream, or Aquaphor 
Healing Ointment. Results showed a 50 
percent relative risk reduction between 
the treatment and control groups (P = 
.017) with no adverse effects reported.9 
Additionally, a randomized controlled 
trial involving infants at high risk for 
AD found that combining petroleum 
jelly with an emollient resulted in 32 
percent fewer infants developing signs 
of AD at 32 weeks than when using 
petroleum jelly alone.15 In both studies, 
the term “high-risk” was used to refer 
to an infant with a sibling or parent 
with diagnosed AD.15,17 

On the other hand, two newer ran-
domized control trials, the 2017 BEEP 
trial and the 2018 PreventADALL trial, 
present somewhat discouraging data 
regarding the use of moisturization for 
preventing AD. The BEEP trial sought 
to determine the effectiveness and 
cost-effectiveness of daily all-over-body 
application of moisturizer during the 
first year of life for preventing AD in 
high-risk children. The study projected 
a protective effect of 30 percent at 
year one, but rates of AD were similar 
(23 percent vs 25 percent; adjusted 
relative risk, 0.95; P=.91) at year two.18 
Furthermore, the PreventADALL study 
randomized infants to a skin interven-
tion, food intervention, skin and food 
intervention, or no intervention. The 
infants in the skin intervention were 
bathed in water with liquid paraffin and 
trilaureth-4-phosphate oil, and their 
faces were covered with Ceridal cream 
at least 3.5 days per week for at least 16 
weeks. At 12-month follow-up, it was 
found that AD was actually more com-
mon in those infants who had received 
the skin intervention compared to 
those who had not (11.1 vs. 8.1 per-
cent).19 Of note, this trial differed from 
others as whole body emollient applica-
tion was not used; rather, infants were 
exposed to an oil bath and facial mois-

turizer only. The study was also done in 
a more general group of children rather 
than high-risk individuals. Another 
study attempted to identify if synbiot-
ics (a combination of probiotics and 
prebiotics) and emollients, either used 
individually or together, reduced rates 
of AD in infants up to one year of age. 
While no benefit was found either indi-
vidually or in combination, this study 
also included infants considered to be 
of average risk for developing AD and 
parents were not explicitly instructed to 
apply the emollient over the full body.20 
These disparities emphasize the need 
to better understand who is at risk and 
which—if any—specific moisturizing 
regimens may be protective. 

THE MICROBIOME, PROBIOTICS, 
AND PREBIOTICS 

The microbiome refers to all of the 
commensal organisms living on and 
within the human body. Alterations 
in the microbiome are associated with 
many chronic diseases, including AD. It is 
thought that an individual’s microbiome 
may affect his/her response to allergic 
sensitization and dysbiosis may increase 
the risk for developing atopic condi-
tions. Recommendations for supporting 
optimal skin and gut microbiome health 
include vaginal delivery, feeding with 
breast milk, vitamin D supplementation 
in pregnant women and infants, and 
judicious use of antibiotics early in life.10 

There is established evidence that the 
skin microbiome is altered during flares 
of AD. At baseline, inflamed skin in AD 
has increased amounts of Staphylococcus 
sp., especially S. aureus, and decreased 
amounts of Cutibacterium, Streptococcus, 
Acinetobacter, Corynebacterium, and 
Prevotella. Between 30 to 100 percent of 
patients with AD may carry S. aureus on 
their skin, while this number is closer to 
20 percent in healthy individuals.10 The 
gut microbiome is also thought to play 
a role in the pathogenesis and severity 
of AD. Dysbiosis of the gut, along with 
inflammation and other stressors, may 

impair the gut barrier and is implicated 
in several disorders including AD.21 
Disruptions in the gut barrier second-
ary to dysbiosis may allow antigens to 
pass into the systemic circulation where 
they could stimulate Th2 responses in 
the skin. Conversely, an appropriately 
diverse gut microbiome favors the 
proliferation of regulatory T-cells and 
inhibits the proliferation of Th2 cells 
and subsequent inflammation.10 

Similar to changes seen in the skin 
microbiome during AD exacerbations, 
changes in the gut microbiome can 
also be seen. Infants with AD have a less 
diverse gut microbiome with lower levels 
of Bifidobacterium and Bacteroides and 
higher levels of Staphylococcus.10 Fecal 
analysis of 957 infants at one month of 
age showed an increase in E. coli and C. 
difficile with AD and all atopic disorders, 
respectively.22 Nylund et al performed 
microarray profiles on fecal samples of 
34 infants at high risk for AD and found 
that the gut microbiota differed sig-
nificantly by 18 months of age. Children 
without AD had three times as many 
Bacteroidetes while those with AD had 
more Clostridium, akin to what is seen in 
adults.23 For these reasons, interventions 
that involve optimizing the health of the 
microbiome present another strategy 
for the prevention of AD. Although the 
efficacy of probiotics, prebiotics, and syn-
biotics is less established when compared 
to moisturizer use, there is some encour-
aging research regarding their effects in 
the prevention of AD. 

Probiotics are non-pathogenic strains 
of bacteria found in abundance in indi-
viduals with a healthy gut microbiome. 
Commonly used strains in probiot-
ics include Lactobacillus rhamnosus, 
Lactobacillus fermentum, Lactobacillus 
paracasei, and Bifidobacterium longum.24 
Prebiotics are non-living, fermentable 
carbohydrates that support the growth 
of the gut microbiome and may be 
found in foods such as breast milk and 
foods containing fermentable fiber. 
Like those studies which analyzed the 
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efficacy of moisturizer therapy in the 
prevention of AD, research suggests that 
probiotic, prebiotic, and synbiotic thera-
py is most effective in infants considered 
to be high-risk for developing AD. A 
prospective, double-blind, randomized 
controlled trial conducted by Kalliomäki 
et al found that the infants of preg-
nant mothers who received 1x1010 
colony-forming units of Lactobacillus 
GG prenatally for two to four weeks and 
six months postnatally were around 
50 percent less likely to develop AD at 
two years of age.25 The same group of 
researches followed the cohort at seven 
years of age and found that those in the 
treatment arm still reported lower rates 
of AD (RR = 0.64, CI 0.45-0.92).26 

Prebiotics showed benefit even when 
given to infants only during the postna-
tal period and in low-risk populations.2 
Grüber et al performed a study in which 
infants younger than eight weeks of 
age considered to be low-risk for AD 
received formula supplemented with 
prebiotic oligosaccharides. They found 
that for every 25 infants who received 
the supplemented formula, one case of 
AD was prevented.27 These results, in 
combination with recommendations 
from the World Allergy Organization 
(WAO), support manipulation of the 
microbiome with pre- and probiotics.

MISCELLANEOUS APPROACHES
Some research has been conducted 

regarding additional possible pre-

ventative therapies for AD (Table 2). 
Breastfeeding remains a popular method 
among high-risk families for prevention 
of AD. A study involving more than 
2,000 children in South Korea found 
that parents with allergic disease were 
more likely to breastfeed their children 
and to continue breastfeeding for lon-
ger amounts of time.28 It is known that 
breastfeeding reduces the likelihood that 
infants will develop infections involving 
the gut, and perhaps breastmilk may 
serve to prevent AD by improving the 
composition of the gut microbiome.29,30 
Schoetzau et al found that infants at high 
risk for atopy benefitted from at least 
four months of breastfeeding in order to 
prevent AD during the first year of life.31 
Likewise, Kull et al reported that even in 
parents without atopic disease, exclusive 
breastfeeding for at least the first four 
months of life reduced the risk of AD at 
four years of age.32 Conversely, a study 
involving more than 10,000 children 
conducted by Hong et al found that 
breastfeeding for more than 12 months 
was actually a risk factor for develop-
ing AD.33 A prudent counterargument 
posits that “reverse causation” could be a 
factor, as families with history of AD are 
more likely to breastfeed their children 
for longer periods of time.34 Munblit et 
al suggest that maternal breast milk may 
not be entirely suited to new allergens 
found in the modern environment, and 
as such, could be a contributing factor to 
the mixed evidence surrounding its use 

in preventing AD.30 Supplementation of 
maternal breastmilk could be an option 
to increase its effectiveness in preventing 
atopic disease, and perhaps incorporat-
ing the aforementioned strategies will 
provide a synergistic effect towards the 
prevention of AD.

More recently, vitamin D supplemen-
tation has been suggested as a preventa-
tive intervention due to its involvement 
in regulatory mechanisms of both the 
innate and adaptive immune system. 
Its protective effect on AD remains 
controversial, with some studies sug-
gesting that vitamin D decreases the 
susceptibility to infection in patients with 
AD and controls the local inflammatory 
immune response.35 One meta-analysis 
examining vitamin D supplementation 
and AD symptoms found a higher mean 
difference in AD symptoms after supple-
mentation (mean-5.81, 95% CI: −9.03, 
−2.59) in established AD, suggesting that 
vitamin D supplementation may help 
ameliorate the severity of AD.36 However, 
the protective effect of vitamin D on AD 
development has been both supported 
and refuted, making it difficult to make a 
firm recommendation just yet.37

Long-chain n-3 fatty acids have also 
been studied in the prevention of AD. 
The mechanism is suggested to be a 
reduction in allergic sensitization, with 
two of five studies reporting reduced 
prevalence of IgE-mediated AD in the off-
spring of pregnant women treated with 
n-3 fatty acids.38 Similar to vitamin D, the 

TABLE 2: POTENTIAL PRIMARY PREVENTION STRATEGIES
Primary Intervention Mechanism Evidence 

Topical Moisturizers Targets defective skin barrier Promising 

Oral Probiotics Supports a diverse gut microbiome Promising 

Breast Feeding Supports optimal gut microbiome health, other possible immunomodulatory effects? Developing 

Vit D supplementation Reduces T cell activation, induces epidermal differentiation and skin barrier permeability Developing

Omega-3 fatty acids Regulatory effect on immune response Developing 
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level of evidence currently remains weak 
for long chain n-3 fatty acids as a primary 
prevention strategy in AD. 

CONCLUSION
Focusing on the disrupted skin bar-

rier found in AD as a target for preven-
tion in infants is an area of exciting 
new research. Understanding that 
the functions of the skin barrier are 
multifaceted—microbial, chemical, 
physical, and immunologic—provides 
many different areas to target. Perhaps 
the best method of prevention is not 
to target one of these barrier compo-
nents in particular, but to incorporate 
a combined prevention strategy which 
tackles barrier dysfunction from differ-
ent angles. Studies with larger sample 
sizes are likely needed to further assess 
the utility of moisturizers and probiot-
ics in AD and to better understand 
who is at risk and which, if any, specific 
moisturizing regiments may be protec-
tive. Regardless, targeting skin barrier 
dysfunction with non-pharmacologic, 
low-risk therapeutics remains a promis-
ing area for future research. n
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