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ABSTRACT

Atopic dermatitis (AD) is a chronic, recurrent skin condition resulting from both genetic
and environmental factors. In recent decades, the prevalence of AD has increased
considerably in some countries. However, given that the role of genetics is unlikely to have
changed over this short period, the increased prevalence is more likely to be explained by
changes in environmental and maternal factors. The aim of this review is to comprehensively
summarize the various factors impacting AD incidence in offspring and provide guidance for
primary prevention. Recent research has demonstrated that environmental and climate
factors, maternal history of allergies, gestational diabetes, and stress play essential roles in
increasing the risk of AD in infants. Some factors have protective effects against the
incidence of AD, including probiotic supplementation, fish intake, and moisturizers. This
review also considers fundamental research into AD prevalence and factors that in the past
were mistakenly thought to affect that prevalence, such as caesarean section and antigen
avoidance. The potential influence of these factors on infant AD incidence remains
inconclusive and needs further study. Furthermore, infants with a family history of atopic
disease may benefit from early weaning or reduced breastfeeding duration.
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INTRODUCTION

Atopic dermatitis (AD), also known as atopic
eczema, is a chronic relapsing inflammatory skin
condition that inflicts a substantial physical and
psychological burden on patients and their families.*

AD usually starts in infancy, and up to 33% of
cases persist into adulthood, thus prolonging the
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duration of suffering.* Approximately 60% of patients
with AD subsequently experience allergic rhinitis or
asthma later in life.> Currently, there is no cure for AD
and its prevalence has increased considerably in several
countries.® Although genetic change is the most widely
investigated factor, other causes such as environmental
and maternal factors may, in fact, play a more
important role in the increasing prevalence of AD.
Previous reviews regarding the primary prevention of
AD are far from sufficient and need to be updated. The
aim of this review was to summarize the risk and
protective factors in the prevalence of AD and provide
summary guidelines for primary prevention.
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Environmental and Climate Factors

Environmental factors play a vital role in AD
progression and exacerbation. Several studies have
revealed positive associations between eczema and the
emission of airborne pollutants from vehicles and
decorating materials, such as benzene, particles with a
50% cut-off acrodynamic diameter of 10 pm (PMy),
CO, and nitrogen oxides.”® A German birth cohort
study (N=2,536) reported that redecorating activities
before birth and in the first year of life were associated
with a higher risk of eczema in offspring.® Such
findings demonstrate that the environment is an
important risk factor for the development of infant AD.

A recent study analyzed the prevalence of pediatric
allergic diseases in the Ogasawara Islands, located
1000 km south of mainland Japan.’® The prevalence of
pediatric AD was lower in the Ogasawara Islands than
in previous reports from mainland Japan, and the
authors suggested that possible reasons included lower
air pollution, a higher prevalence of young children
playing in the sea, and exposure to strong ultraviolet
rays. One important factor was the relatively warm and
humid climate in the Ogasawara lIslands, which the
authors described as dramatically different from that in
mainland Japan. This conclusion was consistent with
other studies. Silverberg et al. used a merged analysis
based on the National Survey of Children’s Health and
climate variables in the United States.'* The results
indicated that the prevalence of eczema was
significantly lower in areas with higher UV indices,
humidity levels, and mean temperatures, and less
indoor heating and precipitation.

In 2012, Hanski et al. conducted a survey of atopic
sensitization using a random sample of adolescents
from eastern Finland.*> The surroundings of atopic
patients’ homes showed lower environmental
biodiversity than those of healthy individuals. One
study in the United States reported that immigrants had
a lower prevalence of AD than native-born residents.*®
Similar research results were reported in other
countries.** *°

Collectively,  these  studies  suggest that
environmental biodiversity and a favorable climate
could be protective factors for AD prevalence. Pregnant
mothers and infants, especially those with a family
history of AD, should be counseled to avoid air
pollutants and consider creating an appropriate living
environment to reduce AD incidence.
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Hygiene Hypothesis

Epidemiological data on AD suggest an overall
higher prevalence in wealthier, developed regions than
in poorer, developing countries.® Therefore, exposure
to “dirt” may protect residents of developing nations
against AD. This is known as the “hygiene hypothesis”,
which posits that exposure to specific microorganisms
in early childhood benefits the development of the
immune system and provides protection against allergic
diseases.’® Although the hygiene hypothesis remains
controversial, an abundance of studies has borne out its
central point.*" A birth cohort study evaluated the
association between AD incidence and prenatal farm-
related exposure (N=1,063).*’ The results demonstrated
that greater exposure to farm animals or household pets
during pregnancy can reduce the AD risk by more than
half in children up to 2 years old. Similarly, children
who live on farms or are exposed to pets during
pregnancy, infancy, and/or childhood appear to be
protected against AD development in early life."®*
However, for pregnant women, who are often
particularly sensitive to the environment, exposure to
farm animals and pets during pregnancy may induce
allergy and inflammation. This effect may influence
AD incidence.

Maternal Diet, Polyunsaturated Fatty Acids, and
Probiotics

Maternal dietary antigens can pass through the
placenta, and antigen avoidance is commonly
recommended for AD patients in clinical
management.?’ However, some researchers have argued
that the maternal diet during pregnancy does not
influence the atopic outcomes in offspring.”* A total of
763 mother—child pairs participated in a Japanese
survey study in which they completed a diet history
questionnaire about their diet during pregnancy.?? They
were divided into three patterns according to their diet,
“Healthy”, “Western”, and “Japanese”, and no
statistical difference was observed among them with
respect to the incidence of childhood eczema.
Similarly, Kramer et al. extracted data from published
reports and assessed the effects of antigen avoidance
prescribed to atopic mothers on the prevention of atopic
disease.”® No protective association was observed
between early childhood AD and dietary antigen
avoidance. In addition, it is widely acknowledged that
alcohol intake and cigarette smoking during pregnancy
adversely affect maternal and/or fetal nutrition.
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Regardless of the results of specific studies, avoidance
of alcohol and smoking is strongly recommended.

A number of randomized trials have shown that
perinatal probiotic supplementation can prevent early
childhood AD, and the protective effects may be
mediated through the regulation of gut microbiota and
expression levels of immune cells.?**Simpson et al.
reported that maternal probiotic supplementation was
positively related to a significant reduction in the
occurrence of AD at 2 years old, and there was a strong
trend toward a reduced incidence at 6 years.* Wickens
et al. investigated the effect of Lactobacillus
rhamnosus (HNOO1) and Bifidobacterium animalis
subsp. lactis (HN019) on the prevention of eczema.”>?
They found that HNOO1 supplementation showed a
protective effect against the incidence of eczema at 6
years in mothers from 35 weeks gestation until 6
months and in infants from birth until 2 years. No
significant effect of HNO019 supplementation was
observed at any time point. Furthermore, there is
substantial clinical evidence that maternal probiotic
supplementation has marked protective effects against
AD incidence until school age, and its long-term effects
still need further evaluation.”’ The efficacy of
probiotics to prevent AD depends on multiple factors,
such as specific probiotic strains, onset time, dosage,
and duration. Doctors should provide a complete diet
scheme if probiotics are recommended for AD patients.
Further research and a multifaceted treatment schedule
are necessary for probiotic usage in AD treatment.

Polyunsaturated fatty acids (PUFAS) are essential
for fetal growth. A Spanish cohort study evaluated
maternal FA composition to identify the effect on AD
risk in offspring at 14 months old. The n-3 PUFA level
in cord blood showed a negative correlation with
eczema development.®® Most clinical evidence
indicates that maternal n-3 PUFA intake exerts
protective effects against AD during infancy and early
childhood, although a few studies reached the opposite
conclusion. Fish and fish oils are rich in long-chain n-3
PUFAs. Two studies found that fish intake during
pregnancy could reduce the risk of early childhood AD
and sensitivity to house dust mites, but no protective
effect was observed for fish intake during
breastfeeding.®* Miles et al. provided evidence that
oily fish intake or fish oil supplementation in
pregnancy may be associated with reduced allergic
sensitization or a reduction in allergic manifestations.*
Gunaratne et al. published a review assessing the effect
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on infants’ atopic outcomes of long-chain n-3 PUFA
supplementation during pregnancy, lactation, and
birth.*> The results showed that supplementation
reduced the incidence of IgE-mediated eczema in
children at 12 to 36 months of age, but not at any other
time point. Overall, n-3 PUFAs may exert protective
effects in early childhood.

In summary, differences in overall dietary patterns
are unlikely to affect AD incidence because of the
complexity of dietary factors and the numerous
interferential factors. However, single-factor trials of
fish intake or other factors of potential importance may
be an effective and straightforward way to illustrate the
protective effect of these specific supplements.
Probiotic supplementation and fish consumption are
safe and effective for pregnant mothers in terms of
reducing the AD risk in offspring, but further studies
are needed to determine the multiple-factor effects and
AD-prevention mechanism.

Dust Mite Avoidance

Many airborne allergens that induce AD are derived
from house dust mites.”® A systematic review and meta-
analysis (N=3,040) evaluated the relationship between
dust mite avoidance intervention and the risk of
developing AD in high-risk infants.** The study
concluded that dust mite avoidance strategies starting at
birth and/or during pregnancy did not affect AD
incidence. The data on antigen avoidance were
mutually complementary with, and supportive of, the
hygiene hypothesis. Early dust mite avoidance in
childhood does not protect against allergic diseases.

Vitamin Supplementation

In recent years, numerous studies have focused on
the effect of vitamin D on the incidence and severity of
AD.3* A Japanese study (N=1,354) showed that
higher vitamin D intake during pregnancy increased the
risk of infantile eczema.® Likewise, Back et al
reported that higher vitamin D supplementation before
1 year of age was correlated with increased risk of
eczema at 6 years of age.** In another study, higher
maternal vitamin D levels were significantly associated
with lower risk of eczema at 4 years of age.® A
population-based prospective cohort study showed that
vitamin D levels in the second trimester and at birth
had no significant effect on the risk of developing
eczema in the first 4 years of life.*® Benson et al
proposed that the relationship between vitamin D and
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allergic skin diseases maybe bimodal and/or gender-
mediated.®” This hypothesis certainly seems consistent
with the currently available results.

Vitamin B9, also known as folic acid, is required in
increased amounts by pregnant women.
Supplementation with vitamins of the B family during
pregnancy may impact the development of the prenatal
immune system. Some researchers have concluded that
B-group vitamins such as B9 and B12 affect the
prevalence of allergic disorders. Magdelijns et al
demonstrated that maternal folic acid supplementation
during pregnancy did not increase the AD risk at 2
years of age.*® However, the findings on the
relationship between folic acid status and AD are
inconsistent. A relatively high maternal-serum folic
acid level (>9.5 ng/mL) during the second trimester
was associated with a decreased risk of AD at 24
months, but not at other time points.* A birth cohort
study (N=8,742) showed that high folic acid (>16.2
nmol/L or >7.15 ng/mL) and vitamin B12 levels (>178
pmol/L) during pregnancy were positively associated
with increased AD prevalence in offspring.*’ However,
another study found no significant effect of maternal
consumption of vitamin B2, B6, B9, and B12 during
pregnancy on the risk of eczema in infants aged 16-24
months.** The influences of these conditions on AD
and, under certain circumstances, consumption of B-
group vitamins may alter the AD incidence in
offspring. These conflicting results might also be
reconciled by the above-mentioned hypothesis of
Benson et al.*’

In addition, Gromadzinska et al. reported that there
were no statistically significant associations between
vitamins A and E, and the risk of AD from birth up to 2
years of age.*

The conflicting findings of these studies highlight
the ambiguity of the relationship between vitamin
supplementation and AD and the need for further
research to provide clarity.

Antibiotic Exposure

In a cohort study conducted in Singapore involving
792 participants, researchers found that antibiotic
treatment in the first 6 months of life was significantly
correlated with increased risk of developing AD
between 6 and 12 months.*® Likewise, Wickens et al. in
New Zealand reported that antibiotic exposure in the
first 15 months of infancy increased the risk of
developing AD and rash from 15 months to 4 years.*
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However, studies from some European countries have
reported contradictory findings. Data from the
Netherlands and Spain showed no significant effect of
antibiotic exposure on AD risk during infancy or early
childhood.*“® The discrepancy between these results
might be related to the different patterns of antibiotic
consumption in those countries, consistent with the
results of Van Boeckel et al., who analyzed the global
antibiotic consumption from 2000 to 2010.* They
found that the rate of antibiotic consumption per person
in New Zealand was much higher than in many
European countries, and the consumption of antibiotics
per person in Singapore also ranked in the top eight of
Asian countries. Although the above studies do not
conclusively prove whether higher antibiotic
consumption and antibiotic exposure are related to the
risk of developing AD, they indicate a research
direction and emphasize that the possible relationship
requires further direct investigation.

Maternal Obesity and Pregnancy Complications

Maternal obesity is a widespread problem for both
mothers and children and a high-risk factor for
developing gestational diabetes mellitus (GDM) and
macrosomia.

One cohort study reported that maternal obesity
during pregnancy was not associated with increased
risk of AD in offspring, but another birth cohort study
found that neonatal adiposity increased the AD risk
during the first year of life."*** Remarkably, a 7.90-
times increased risk of developing AD was found in
infants who were born to mothers with GDM.* A
Taiwanese birth cohort study found an association
between AD risk and GDM, but not with other
maternal pregnancy complications.>

Caesarean Section, Maternal Allergic History, and
Feeding

In 2010 and 2015, two published reviews concluded
that there was no reasonable evidence to suggest that
birth by cesarean section increased the AD risk in
offspring.>>** Likewise, Kahr et al. found that maternal
age, cesarean section, and season of birth did not affect
AD prevalence in a Danish population of 850
monozygotic and 2279 same-sex dizygotic twin pairs at
3-9 years of age.”

Epidemiological data support that allergy risk is
preferentially transmitted through mothers and that
maternal allergic history and breastfeeding behavior
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can be considered extremely relevant to AD
prevalence.”® Bhatia et al. assessed the associations
between the incidence of childhood atopic disease and
the level of maternal asthma control and asthma
severity during pregnancy.® Maternal asthma during
pregnancy was linked with an 11% increased risk of
AD development in the first 10 years, but asthma
control measures and severity during pregnancy were
not associated with AD incidence. To the best of our
knowledge, current evidence on the effects of AD
control measures and AD severity during pregnancy on
childhood eczema is insufficient, and more research is
needed.

Currently, the protective effect of breastfeeding
against AD occurrence remains debatable. On the
balance of evidence, breastfeeding does not appear to
afford consistent protection against long-term eczema,
and may even be a risk factor for AD. A birth cohort
study (N=38,757) in Japan indicated that breastfeeding
was linked with an increased risk of developing AD up
to 42 months, and moreover, exclusive breastfeeding of
infants and longer breastfeeding duration were
positively associated with an increased risk of
childhood eczema compared with infants fed with
formula alone.”” Another matched case-control study
provided evidence that early weaning, i.e.,
breastfeeding only for the first 4-5 months, acted to
reduce AD incidence in young children.® However, the
World Health Organization (WHO) and the European
Academy of Allergy and Clinical Immunology
recommends breastfeeding for at least 4-6 months for
health benefits.>*®* There is no doubt that breastfeeding
is optimal for infant nutrition.

Gut microbiota is a key factor in influencing the
predisposition to allergic diseases, including AD.*® The
mode of delivery and feeding strongly affect the
microbiome species in neonates. Backhed et al. found
that 72% of the early gut microbiota of vaginally born
infants could be matched with the maternal stool,
whereas the equivalent matching was only 41% in
neonates born by cesarean section.® At present there is
no mechanistic evidence for the preventive effect of
early weaning, nor have the protective effects of
probiotic supplementation or gut microbiota been well
elucidated. It is difficult, therefore, to fully clarify the
complex relationships among these factors. However,
we propose that among children whose mothers have
atopy, vaginally born and breastfed infants may be
more susceptible to genetic factors, especially through
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breastfeeding. Early weaning allows infants to establish
a different gut microbiota from their mothers and
proceed toward a more adult composition. For infants
at high risk of AD, we suggest that although
breastfeeding for 4-6 months is still advisable, early
weaning or reducing the breastfeeding duration is
worth considering. In practice, though, for ethical and
scientific reasons, it is difficult to give consistent
recommendations on early weaning for lactating
mothers while the mechanism of the effect of
breastfeeding is still unclear.

Stress Factors and Moisturizers

Women’s rate of employment and their
psychological stress have increased rapidly in recent
decades. Moreover, many employed women are of
child-bearing age. Previous studies found that the
prevalence of childhood AD was significantly
increased in mothers who had been exposed to stressful
life events during pregnancy.”*® Furthermore, a
Taiwanese birth cohort study reported that postpartum
depression increased the risk of childhood AD.%

Moisturizers play an important role in suppressing
dry skin by improving its barrier functions, delaying
AD relapse, and reducing the need for topical
corticosteroid use.”’ The use of moisturizers is also
considered standard therapy for AD treatment. In
Japan, 118 neonates with a high familial AD risk
participated in an investigator-blinded, randomized,
controlled study.®® Emollient was applied to the
intervention group each day for 32 weeks. The results
supported that daily application of moisturizer
prevented AD development in infants. In the same year
and the same journal, the preventive effects of daily
emollient were also demonstrated by another research
group.”” Improved psychological well-being and the
use of moisturizers are both highly promising strategies
to reduce children’s risk of developing AD; however,
well designed clinical trials are still needed.

Fundamental Research

Only a few studies have investigated the influence
of chemical exposure on AD incidence in offspring. Di-
(2-ethylhexyl) phthalate (DEHP) is widely used in
polyvinyl chloride products, including vinyl flooring,
food containers, and infant toys.*® Maternal exposure to
DEHP in NC/Nga mice during neonatal periods
aggravates AD-like skin lesions related to mite
allergens in male offspring, and the aggravating effect
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Table 1. Risk and protective factors for atopic dermatitis (AD) incidence in offspring

Influence Participants Design Qutcomes

OR/RR (95% CI)

Air pollution® 6,683 children (9-11

yrs)

Prospective cohort
study

AD was significantly positively associated
with benzene, particles with a 50% cut-off
aerodynamic diameter of 10 um (PMy),
NO,, nitrogen oxides(NOXx), and CO.

Redecorating 2,536 children (6-7  Epidemiologic cross-  Redecorating activities increased the risk

activities’ yrs) sectional study of AD.

Climatic 91,642 children (0-17 2007 National Survey Areas with higher UV index, relative

factors® yrs) of Children’s Health  humidity, mean temperatures, less indoor
(Cross-sectional heating, and precipitation had significantly
questionnaire) lower AD prevalence.

Immigrants had a lower prevalence of AD
compared with native-born people.
Hygiene 1063 children (data A prospective birth Maternal contact with farm animals and

hypothesis™*  available on AD at
least once between 1
and 2 years of age and
on farming status)
Twenty-six
publications from 21
birth cohort studies

cohort study cats during pregnancy had a significantly

protective effect on AD in the first 2 years
of life.

Meta-analysis of birth
cohort studies

This meta-analysis reported a favorable
effect of exposure to dogs and pets on the
risk of AD in infants or children.

Dietary 763 mother-child Prospective cohort  The three dietary patterns (Healthy pattern,
patterns? pairs study Western pattern and Japanese pattern)
during pregnancy were not related to the
risk of eczema in the offspring.
Probiotic®* 415 pregnant women Randomized There was a trend toward a lower

controlled trial (RCT) cumulative incidence of AD in the

probiotic group compared to the placebo
group.

This study showed that the protective
effect of Lactobacillus rhamnosus HNOO1
against AD, when given for the first 2
years of life only, extended to at least 6
years of age.

There was a clear reduction in medically
Review - Intervention diagnosed IgE-mediated eczema with long-

474 children
(probiotic
supplementation from
35 weeks gestation
until 2 years old)
Eight RCTs involving
ed fatty acids 3366 women and their

Polyunsaturat Cochrane Systematic

(PUFASs)/Fish 3175 children chain n-3 PUFA for children 12 to 36
take®?’ months of age.
469 women (18-35 Prospective cohort Maternal fish intake of more than 205
yrs) during pregnancy study g/week decreased the risk of eczema by
43%.
Dust mite 7 RCTs (total n = A systematic review Dust mite avoidance provided no benefit in
avoidance® 3040) and meta-analysis the prevention of AD.
Vitamin 1,354 mother-child Prospective prebirth Higher maternal intake of vitamin D
pairs® cohort study during pregnancy may increase the risk of

infantile eczema.

Levels of 25-hydroxyvitamin D in mid-
gestation and at birth were not associated
with the risk of eczema among children
until the age of 4 years.

High folate and vitamin B-12 levels during

3,019 mother-child
pairs®*

A population-based
prospective cohort
study

8,742 mothersand  Population-based birth
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Benzene:1.11 (1.00-1.28);
PMy0:1.13 (1.01-1.24);
NO,:1.23 (1.04-1.42);
NOx: 1.06 (1.00-1.18);
CO: 1.08 (1.00-1.21).

1.95 (1.43-2.67)

UV index: 0.73 (0.64-0.84;
Relative humidity: 0.82(0.71-0.96);
Mean temperatures:0.80 (0.70-0.92);
less indoor heating: 1.11 (0.97-1.27);
Precipitation: 1.29 (1.07-1.54);

Immigration: 0.43(0.30-0.61).
0.43(0.19-0.97)

Dogs:0.72(0.61-0.85)

Pets:0.75(0.67-0.85)

Healthy pattern: 0.70 (0.41-1.20);
Western pattern: 1.09 (0.64-1.85);
Japanese pattern: 1.11 (0.64-1.94).

0.48(0.25-0.92)

0.56(0.39-0.80)

0.61(0.39-0.95)

0.57(0.35-0.93)

1.08(=0.78-1.49)

1.63(1.07-2.51)

1.09(0.82-1.43);1.04(0.87-1.25);
0.94(0.81-1.10).

B9(folic acid):1.18(1.05-1.33);
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pregnancy were associated with an B12:1.30 (1.06-1.60) .

their children® cohort
increased prevalence of AD in the
offspring.
763 mother-child Prospective cohort No evidence was found of a relationship B9: 1.01 (0.51)2.00);
pairs® study between maternal consumption of vitamin B12:0.85 (0.39)1.84);
B during pregnancy and the risk of eczema B6:1.06 (0.52)2.15);
in the offspring. B2:0.72 (0.34)1.49).
252 mother-child Prospective cohort There were no statistically significant Active or Passive Smokers
pairs* study associations between vitamins A and E and  A;0.29(0.01-12.72);E;1.55 (0.82-2.36)
the risk of AD from birth until 2 years of Non-Smokers.
age. A:0.21(0.01-4.35);E: 1.03 (0.79-1.33).
Antibiotic* 792 children (6-7 and GUSTO (Growing Up  Antibiotic treatment in the first 6 months 3.11(1.10-8.76)
12-15 yrs) in Singapore Towards  of life was a risk factor associated with

healthy Outcomes) increased odds of late-onset AD from 12
months.

study
GDM increased the risk of AD in children.

Gestational ~ 680 children (1-6 yrs)  Birth cohort study
(multi-ethnic cohort)

7.2 (1.5-34.5)

diabetes
mellitus
(GDM)48
Cesarean 850 monozygotic and  Questionnaire study Cesarean section did not affect AD Vaginal delivery:1.00;
Section52 2279 like-sex prevalence. Cesarean section: 0.87 (0.75-1.01).
dizygotic twin pairs
(3-9 yrs)
Maternal 26,265 children (0-10 Cohort study Maternal asthma during pregnancy was 1.11(1.02-1.21)

associated with an increased AD risk.

allergic yrs)
history®*
Feeding®™® 38,757 children (6-42 Population-based birth  Exclusively breastfed infants were 1.26 1.26(1.12-1.41)
months) cohort study times more likely to have AD than infants

fed formula alone.

A matched case- Early weaning was inversely related to the
risk of AD, with children weaned at 4

451cases (3-24 0.41(0.20-0.87)

months) and 451 control study
controls months having a lower AD risk than those
who were exclusively breastfed.
Stress 24,200 mother- Multistage, stratified ~ (a) Working in professional or technical (a) 1.64(1.44-1.87);
factors® newborn pairs systematic sampling  occupations increased the risk of childhood (b) 1.42(1.21-1.66).

AD in addition to work stress during
pregnancy.
(b) Postpartum depression increased the
risk of subsequent physician-diagnosed
AD in children.

Multicenter, A statistically significant protective effect 0.50(0.28-0.9)

Moisturizers®® 124 neonates at high

risk for AD multinational, 2-arm  was found with the use of daily emollient
parallel-group, on the cumulative incidence of AD with a
assessor-blind, relative risk reduction of 50%.
randomized controlled
pilot trial
Di-(2- NC/Nga mice Fundamental research ~ Maternal exposure to DEHP in NC/Nga /
ethylhexyl) mice during neonatal periods aggravated
phthalate atopic dermatitis-like skin lesions related
(DEHP)% to mite allergen in male offspring.
Fructo- NC/Nga mice Fundamental research  Maternal consumption of FOS reduced the /
oligosaccharid severity of atopic dermatitis-like skin
g(FOS)" lesions in the offspring of NC/Nga mice.
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is accompanied by increased eotaxin expression.®®
Fujitani et al. showed that maternal consumption of
fructo-oligosaccharide reduced the severity of AD-like
skin lesions in the offspring of NC/Nga mice, and the
diminution of skin lesions may be mediated through
regulation by gut microbiota, and lower expression
levels of IgGland TNF-0.%

CONCLUSION

Although genetic factors clearly play a role in the
risk of AD, many other factors also affect its
prevalence. Table 1 summarizes the risk and protective
factors for AD in offspring.

First, it is indisputable that air borne pollutants and
environmental chemicals are risk factors. Changes to
the living environment and moving to an area with a
different climate can reduce the risk of AD. The
restricted use of antibiotics is suggested for infants with
a family history of allergy, particularly in countries
with a higher consumption of antibiotics. Second,
maternal avoidance of dietary antigens and dust mites,
and the use of vitamin supplements (except folic acid)
are unnecessary during pregnancy and lactation.
However, pregnant women must be made aware of the
risk of GDM. Maternal allergic history and stress
factors have a strong correlation with the development
and exacerbation of AD. We suggest that pregnant
women follow a consistent program of atopic disease
control and seek a relaxed and stress-free state of mind.
Finally, we note that data on the effects of probiotic
supplementation, fish intake, and breastfeeding are
inconsistent, and differences in intake and duration may
affect AD development. In our opinion, probiotic
supplementation and fish intake are relatively safe for
pregnant women and infants, and appropriate
supplementation should thus be encouraged. However,
the current state of research does not permit us to
provide a complete dietary scheme that would obviate
the need for all supplementation. We propose that
vaginally born and breastfed infants may be more
susceptible to genetic factors from mothers with atopy.
Therefore, reducing breastfeeding duration is suggested
for infants with a family history of atopic disease. The
gut microbiota composition has a strong correlation
with the development and prevention of atopic disease.
Furthermore, moisturizers are recommended for
pregnant and breastfeeding mothers.

354/ Iran J Allergy Asthma Immunol

ACKNOWLEDGEMENTS

This work was supported by the National Natural
Science Foundation of China (project code: 81774307),
the Specific Research Fund for TCM Science and
Technology of Guangdong Provincial Hospital of
Chinese Medicine (project code: YN2015MS06,
YN2015QN09 and YN2016QJ11), and Traditional
Chinese Medicine Bureau of Guangdong Province
(project code: 20183004) and Department of Science
and Technology of Guangdong Province (grant no.
(2017)105, project code:2017A030310122).

REFERENCES

1. Grammatikos AP. The genetic and environmental basis of
atopic diseases. Ann Med 2008; 40(7):482-95.

2. Gu SX, Mo X, Zhang AL, LiuJ, Coyle ME, Ye S, etal. A
Chinese herbal medicine preparation (PTQX) for children
with moderate to severe atopic eczema: a pilot RCT. Br J
Dermatol 2018; 179:1404-5.

3. LiuJ, Mo X, Wu D, Ou A, Xue S, Liu C, et al. Efficacy
of a Chinese herbal medicine for the treatment of atopic
dermatitis: A randomised controlled study. Complement
Ther Med 2015; 23(5):644-51.

4. Guttman-Yassky E, Nograles KE, Krueger JG.
Contrasting pathogenesis of atopic dermatitis and
psoriasis-Part I: Clinical and pathologic concepts. J
Allergy Clin Immunol 2011; 127(5):1110-8.

5. Nowicki R, Trzeciak M, Wilkowska A, Sokolowska-
Wojdylo M,Tugowska-Umer H, Baranska-Rybak W, et
al. Atopic dermatitis: Current treatment guidelines.
Statement of the experts of the Dermatological Section,
Polish Society of Allergology, and the Allergology
Section, Polish Society of Dermatology. Postep Derm
Alergol 2015; 32(4):239-49.

6. Garg N, Silverberg JI. Epidemiology of childhood atopic
dermatitis. Clin Dermatol 2015; 33(3):281-8.

7. Penard-Morand C, Raherison C, Charpin D,
Kopferschmitt C, Lavaud F, Caillaud D, et al. Long-term
exposure to close-proximity air pollution and asthma and
allergies in urban children. Eur Respir J 2010; 36(1):33-
40.

8. Jedrychowski W, Perera F, Maugeri U, Mrozek-Budzyn
D, Miller RL, Flak E, et al. Effects of prenatal and
perinatal exposure to fine air pollutants and maternal fish
consumption on the occurrence of infantile eczema. Int

Vol. 18, No. 4, August 2019

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Factors Influencing Atopic Dermatitis

Arch Allergy Immunol 2011; 155(3):275-81.

Herbarth O, Fritz GJ, Rehwagen M, Richter M, Roder S,
Schlink U. Association between indoor renovation
activities and eczema in early childhood. Int J Hyg
Environ Health 2006; 209(3):241-7.

Okada Y, Kumagai H, Morikawa Y, Akasawa A.
Epidemiology of pediatric allergic diseases in the
Ogasawara Islands. Allergol Int 2016; 65(1):37-43.
Silverberg JI, Hanifin J, Simpson EL. Climatic factors are
associated with childhood eczema prevalence in the
United States. J Invest Dermatol 2013; 133(7):1752-9.
Hanski 1, von Hertzen L, Fyhrquist N, Koskinen K,
Torppa K, Laatikainen T, et al. Environmental
biodiversity, human microbiota, and allergy are
interrelated. Proc Natl Acad Sci USA 2012;
109(21):8334-9.

Silverberg JI, Simpson EL, Durkin HG, Joks R.
Prevalence of allergic disease in foreign-born American
children. JAMA Pediatr 2013; 167(6):554-60.

Marcon A, Cazzoletti L, Rava M, Gisondi P, Pironi V,
Ricci P, et al. Incidence of respiratory and allergic
symptoms in Italian and immigrant children. Resp Med
2011; 105(2):204-10.

Farfel A, Green MS, Shochat T, Noyman I, Levy Y, Afek
A. Trends in specific morbidity prevalence in male
adolescents in Israel over a 50 year period and the impact
of recent immigration. Isr Med Assoc J 2007; 9(3):149-
52.

Vatanen T, Kostic AD, d'Hennezel E, Siljander H,
Franzosa EA, Yassour M, et al. Variation in microbiome
LPS immunogenicity contributes to autoimmunity in
humans. Cell 2016; 165(4):842-53.

Roduit C, Wohlgensinger J, Frei R, Bitter S, Bieli C,
Loeliger S, et al. Prenatal animal contact and gene
expression of innate immunity receptors at birth are
associated with atopic dermatitis. J Allergy Clin Immunol
2011; 127(1):179-U281.

Ili S, Depner M, Genuneit J, Horak E, Loss G, Strunz-
Lehner C, et al. Protection from childhood asthma and
allergy in Alpine farm environments-the GABRIEL
Advanced Studies. J Allergy Clin Immunol 2012;
129(6):1470-7 e6.

Pelucchi C, Galeone C, Bach JF, La Vecchia C,
Chatenoud L. Pet exposure and risk of atopic dermatitis at
the pediatric age: a meta-analysis of birth cohort studies. J
Allergy Clin Immunol 2013; 132(3):616-22 e7.
Wollenberg A, Barbarot S, Bieber T, Christen-Zaech S,
Deleuran M, Fink-Wagner A, et al. Consensus-based
European guidelines for treatment of atopic eczema

Vol. 18, No. 4, August 2019

21.

22.

23.

24.

25.

26.

217.

28.

(atopic dermatitis) in adults and children: part 1. J Eur
Acad Dermatol Venereol 2018; 32(5):657-82.

Netting MJ, Middleton PF, Makrides M. Does maternal
diet during pregnancy and lactation affect outcomes in
offspring? A systematic review of food-based approaches.
Nutrition 2014; 30(11-12):1225-41.

Miyake Y, Okubo H, Sasaki S, Tanaka K, Hirota Y.
Maternal dietary patterns during pregnancy and risk of
wheeze and eczema in Japanese infants aged 16-24
months: the Osaka Maternal and Child Health Study.
Pediatr Allergy Immunol 2011; 22(7):734-41.

Kramer MS, Kakuma R. Maternal dietary antigen
avoidance during pregnancy orlactation, or both, for
preventing or treating atopic disease inthe child.
Cochrane Database Syst Rev 2012; 9:1-34.

Simpson MR, Dotterud CK, Storro O, Johnsen R, Oien T.
Perinatal probiotic supplementation in the prevention of
allergy related disease: 6 year follow up of a randomised
controlled trial. BMC Dermatol 2015; 15:13.

Wickens K, Stanley T, Mitchell E, Barthow C, Fitzharris
P, Purdie G, et al. 009 - Early supplementation with
Lactobacillus rhamnosus HNO001 reduces eczema
prevalence to 6 years: Does it also reduce atopic
sensitisation? Clin Transl Allergy 2014; 4(Suppl 1):09.
Wickens K, Black P, Stanley TV, Mitchell E, Barthow C,
Fitzharris P, et al. A protective effect of Lactobacillus
rhamnosus HNOO1 against eczema in the first 2 years of
life persists to age 4 years. Clin Exp Allergy 2012;
42(7):1071-9.

West CE, Hammarstrom ML, Hernell O. Probiotics in
primary prevention of allergic disease—follow-up at 8-9
years of age. Allergy 2013; 68(8):1015-20.

Montes R, Chisaguano AM, Castellote Al, Morales E,
Sunyer J, Lopez-Sabater ML. Fatty-acid composition of
maternal and umbilical cord plasma and

early childhood atopic eczema in a Spanish cohort. Eur J Clin

29.

30.

31.

Nutr 2013; 67(6):658-63.

Romieu I, Torrent M, Garcia-Esteban R, Ferrer C, Ribas-
Fito N, Anto JM, et al. Maternal fish intake during
pregnancy and atopy and asthma in infancy. Clin Exp
Allergy 2007; 37(4):518-25.

Miles EA, Calder PC. Can early omega-3 fatty acid
exposure reduce risk of childhood allergic disease?
Nutrients 2017; 9(7):E784.

Gunaratne AW, Makrides M, Collins CT. Maternal
prenatal and/or postnatal n-3 long chain polyunsaturated
fatty acids (LCPUFA) supplementation for preventing
allergies in early childhood. Cochrane Database Syst Rev

Iran J Allergy Asthma Immunol /355

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Allergology+international+%3A+official+journal+of+the+Japanese+Society+of+Allergology
https://www.ncbi.nlm.nih.gov/pubmed/22702506?tool=MedlinePlus
https://www.ncbi.nlm.nih.gov/pubmed/22702506?tool=MedlinePlus
https://www.ncbi.nlm.nih.gov/pubmed/22702506?tool=MedlinePlus

32.

33.

34.

35.

36.

37.

38.

39.

40.

women

41.

42,

S. Ye, etal.

2015; 7:CD010085.

Bremmer SF, Simpson EL. Dust mite avoidance for the
primary prevention of atopic dermatitis: A systematic
review and meta-analysis. Pediatr Allergy Immunol 2015;
26(7):646-54.

Miyake Y, Tanaka K, Okubo H, Sasaki S, Arakawa M.
Maternal consumption of dairy products, calcium, and
vitamin D during pregnancy and infantile allergic

disorders. Ann Allergy Asthma Immunol 2014;
113(1):82-7.
Back O, Blomquist HK, Hernell O, Stenberg B. Does

vitamin D intake during infancy promote the development
of atopic allergy? Acta Derm Venereol 2009; 89(1):28-
32.

Chiu CY, Huang SY, Peng YC, Tsai MH, Hua MC, Yao
TC, et al. Maternal vitamin D levels are inversely related
to allergic sensitization and atopic diseases in early
childhood. Pediatr Allergy Immunol 2015; 26(4):337-43.
Gazibara T, Elbert NJ, den Dekker HT, de Jongste JC,
Reiss I, McGrath JJ, et al. Associations of maternal and
fetal 25-hydroxyvitamin D levels with childhood eczema:
The Generation R Study. Pediatr Allergy Immunol 2016;
27(3):283-9.

Benson AA, Toh JA, Vernon N, Jariwala SP. The role of
vitamin D in the immunopathogenesis of allergic skin
diseases. Allergy 2012; 67(3):296-301.

Magdelijns FJ, Mommers M, Penders J, Smits L, Thijs C.
Folic acid use in pregnancy and the development of
atopy, asthma, and lung function in childhood. Pediatrics
2011; 128(1):e135-44.

Kim JH, Jeong KS, Ha EH, Park H, Ha M, Hong YC, et
al. Relationship between prenatal and postnatal exposures
to folate and risks of allergic and respiratory diseases in
early childhood. Pediatr Pulmonol 2015; 50(2):155-63.
Kiefte-de Jong JC, Timmermans S, Jaddoe VW, Hofman
A, Tiemeier H, Steegers EA, et al. High circulating folate
and vitamin B-12 concentrations in

during  pregnancy are  associated
increasedprevalence of atopic dermatitis in
offspring. J Nutr 2012; 142(4):731-8.

Miyake Y, Sasaki S, Tanaka K, Hirota Y. Maternal B
vitamin intake during pregnancy and wheeze and eczema
in Japanese infants aged 16-24 months: the Osaka
Maternal and Child Health Study. Pediatr Allergy
Immunol 2011; 22(1 Pt 1):69-74.

Gromadzinska J, Polanska K, Kozlowska L,
Mikolajewska K, Stelmach I, Jerzynska J, et al. Vitamins
A and E during pregnancy and allergy symptoms in an
early childhood-lack of association with tobacco smoke

with
their

356/ Iran J Allergy Asthma Immunol

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

exposure. Int J Environ Res Public Health 2018;
15(6):1245.

Loo EX, Shek LP, Goh A, Teoh OH, Chan YH, Soh SE,
et al. Atopic dermatitis in early life: evidence for at least
three phenotypes? Results from the GUSTO Study. Int
Arch Allergy Immunol 2015; 166(4):273-9.

Wickens K, Ingham T, Epton M, Pattemore P, Town I,
Fishwick D, et al. The association of early life exposure
to antibiotics and the development of asthma, eczema and
atopy in a birth cohort: confounding or causality? Clin
Exp Allergy 2008; 38(8):1318-24.

Kummeling |, Stelma FF, Dagnelie PC, Snijders BE,
Penders J, Huber M, et al. Early life exposure to
antibiotics and the subsequent development of eczema,
wheeze, and allergic sensitization in the first 2 years of
life: the KOALA Birth Cohort Study. Pediatrics 2007;
119(1):e225-31.

Garcia-Marcos L, Gonzélez-Diaz C, Garvajal-Uruefia I,
Pac-Sa MR, Busquets-Monge RM, Suarez-Varela MM, et
al. Early exposure to paracetamol or to antibiotics and
eczema atschool age: modification by asthma and
rhinoconjunctivitis. Pediatr Allergy Immunol 2010;
21(7):1036-42.

Van Boeckel TP, Gandra S, Ashok A, Caudron Q,
Grenfell BT, Levin SA, et al. Global antibiotic
consumption 2000 to 2010: an analysis of national
pharmaceutical sales data. Lancet Infect Dis 2014;
14(8):742-50.

O'Donovan SM, Hourihane J OB,Murray DM, Kenny
LC, Khashan AS, Chaoimh CN, et al. Neonatal adiposity
increases the risk of atopic dermatitis during the first year
of life. J Allergy Clin Immunol 2016; 137(1):108-17.
Harpsoe MC, Basit S, Bager P, Wohlfahrt J, Benn CS,
Nohr EA, et al. Maternal obesity, gestational weight gain,
and risk of asthma and atopic disease in offspring: a study
within the Danish National Birth Cohort. J Allergy Clin
Immunol 2013; 131(4):1033-40.

Kumar R, Ouyang F, Story RE, Pongracic JA, Hong X,
Wang G, et al. Gestational diabetes, atopic dermatitis, and
allergen sensitization in early childhood. J Allergy Clin
Immunol 2009; 124(5):1031-8 el-4.

Wang I-J, Wen H-J, Chiang T-L, Lin S-J, Chen P-C, YL
G. Does pregnancy complications increase the risk of
atopic disorders in children? Allergy 2013; 68:64.
Williams HC, Grindlay DJ. What's new in atopic eczema?
An analysis of systematic reviews published in 2007 and
2008. Part 2. Disease prevention and treatment. Clin Exp
Allergy 2010; 35(3):223-7.

Vol. 18, No. 4, August 2019

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Factors Influencing Atopic Dermatitis

Madhok V, Futamura M, Thomas KS, Barbarot S. What's
new in atopic eczema? An analysis of systematic reviews
published in 2012 and 2013. Part 1. Epidemiology,
mechanisms of disease and methodological issues. Clin
Exp Allergy 2015; 40(3):238-42.

Kahr N, Naeser V, Stensballe LG, Kyvik KO, Skytthe A,
Backer V, et al. Gene-environment interaction in atopic
diseases: a population-based twin study of early-life
exposures. Clin Respir J 2015; 9(1):79-86.

Vaughn AR, Tannhauser P, Sivamani RK, Shi VY.
Mother nature in eczema: maternal factors influencing
atopic dermatitis. Pediatr Dermatol 2017; 34(3):240-6.
Bhatia N. Maternal asthma, its control and severity in
pregnancy, and the incidence of atopic dermatitis and
allergic rhinitis in the offspring. Yearbook of
Dermatology and Dermatologic Surgery 2011; 2011:68-9.
Ito J, Fujiwara T. Breastfeeding and risk of atopic
dermatitis up to the age 42 months: a birth cohort study in
Japan. Ann Epidemiol 2014; 24(4):267-72.

Turati F, Bertuccio P, Galeone C, Pelucchi C, Naldi L,
Bach JF, et al. Early weaning is beneficial to prevent
atopic dermatitis occurrence in young children. Allergy
2016; 71(6):878-88.

Bion V, Lockett GA, Soto-Ramirez N, Zhang H, Venter
C, Karmaus W, et al. Evaluating the efficacy of
breastfeeding guidelines on long-term outcomes for
allergic disease. Allergy 2016; 71(5):661-70.

World Health Organization. Infant and young child
nutrition: Global strategy on infant and young child
feeding. 55th World Health Assembly. Geneva,
Switzerland: World Health Organization; 2002.

Muraro A, Halken S, Arshad SH, Beyer K, Dubois AEJ,
Du Toit G, et al. EAACI food allergy and anaphylaxis
guidelines. Primary prevention of food allergy. Allergy
2014; 69(5):590-601.

Backhed F, Roswall J, Peng Y, Feng Q, Jia H,
Kovatcheva-Datchary P, et al. Dynamics and stabilization
of the human gut microbiome during the first year of life.
Cell Host Microbe2015; 17(5):690-703.

Hartwig IRV, Sly PD, Schmidt LA, van Lieshout RJ,
Bienenstock J, Holt PG, et al. Maternal prenatal life
events increase risk for atopic disorders in children. Brain
Behav Immun 2013; 29:S15.

Wang 1J, Wen HJ, Chiang TL, Lin SJ, Chen PC, Guo YL.
Maternal employment and atopic dermatitis in children: A
prospective cohort study. Br J Dermatol 2013;

Vol. 18, No. 4, August 2019

65.

66.

67.

68.

69.

168(4):794-801.

Wang 1J, Wen HJ, Chiang TL, Lin SJ, Guo YL. Maternal
psychologic problems increased the risk of childhood
atopic dermatitis. Pediatr Allergy Immunol 2016;
27(2):169-76.

Horimukai K, Morita K, Narita M, Kondo M, Kitazawa
H, Nozaki M, et al. Application of moisturizer to
neonates prevents development of atopic dermatitis. J
Allergy Clin Immunol 2014; 134(4):824-30 €6.

Simpson EL, Chalmers JR, Hanifin JM, Thomas KS,
Cork MJ, McLean WH, et al. Emollient enhancement of
the skin barrier from birth offers effective atopic
dermatitis prevention. J Allergy Clin Immunol 2014;
134(4):818-23.

Yanagisawa R, Takano H, Inoue K, Koike E, Sadakane
K, Ichinose T. Effects of maternal exposure to di-(2-
ethylhexyl) phthalate during fetal and/or neonatal periods
on atopic dermatitis in male offspring. Environ Health
Persp 2008; 116(9):1136-41.

Reiko F, Naoki T, Jun W, Kei S. Maternal consumption
of fructo-oligosaccharide diminishes the severity of skin
inflammation in offspring of NC/Nga mice. Br J Nutr
2010; 103(4):530-8.

Iran J Allergy Asthma Immunol /357

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



