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Abstract Atopic dermatitis (AD) is becoming increasingly
prevalent in the pediatric population, with rates reportedly as
high as 18-25 %. Westernized medicine has traditionally used a
combination of emollients, antihistamines, corticosteroids, and
immunomodulating agents to combat this often frustrating
disease. Of late, integrative medicine has become the subject
of more research as concerns grow regarding prolonged use of
corticosteroids and their side effects in pediatric patients. Pro-
biotics have been extensively studied to define their role in the
treatment and prevention of AD in children. Unfortunately,
results are varying showing significant improvement in some
patients but not all. With regard to prevention, studies show that
the use of probiotics during pregnancy does decrease the
incidence of AD in children. Prebiotics and synbiotics are also
a conceivable option for prevention of AD. A number of
studies on Chinese herbal medicine have been performed,
with a collective result of symptom improvement and
decreased levels of inflammatory cytokines. However, there
were reports of asymptomatic transaminitis in a few patients
that warrant further testing. While the herbs tested in more
recent randomized clinical trials were free from corticoste-
roids, a previous study showed high levels of dexamethasone
in unlabeled herbal eczema creams. Vitamins and minerals
have also been suggested as an alternative treatment of AD.
Studies however have not yet demonstrated improvement of
AD with vitamin or mineral supplementation. Topical vitamin
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B, is the exception to this; however, no topical vitamin By,
preparation is available for use. Finally, relaxation techniques
are also being investigated as adjunctive methods of treat-
ment, but well-designed scientific studies are lacking.
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Abbreviations
AD Atopic dermatitis
CAM Complementary and alternative medicine

CDLQI Children's Dermatology Life Quality Index

CS Corticosteroid creams

DC Dendritic cells

FOS Fructo-oligosaccarides

GOS Galacto-oligosaccharides

IGADA Investigator's Global Atopic Dermatitis
Assessment

PHF Pentaherbs formulation

PUFA Polyunsaturated fatty acids

RCT Randomized control trial

RCU Relative copy units

RDBPCT Randomized double-blind placebo controlled
trial

SCORAD  Scoring of Atopic Dermatitis

TCM Traditional Chinese medicine

TLR Toll-like receptor

XFS Xiao-Feng-San

Introduction

Atopic dermatitis (AD), or eczema, is the most common
inflammatory skin condition seen in the pediatric population.
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Its prevalence in the last two decades has increased with
reported prevalence rates in certain developed countries as high
as 18-25 % in children and adolescents [1]. AD is character-
ized by an itchy erythematous rash with a chronically relapsing
and remitting course for which there is no known cure. Typical
onset of the disease occurs in young infants and children. The
dermatologic visibility and disruptive symptoms of severe AD
can negatively affect the lives of both children suffering from
AD and their families. Indeed, severe AD has been associated
with significant psychosocial stress, anxiety, sleep dep-
rivation, poor academic performance, social relationships,
decreased self-esteem, and decreased sense of well-being [2].

Mild to moderate cases of AD commonly respond well to
topical emollients, corticosteroid (CS) creams, and oral anti-
histamines, usually with few adverse effects. In Westernized
medicine, the management of moderate to severe pediatric AD
commonly includes the use of emollients, topical and oral CS,
topical and systemic antimicrobials, and immunomodulating
agents. Though such treatment can be beneficial, adverse
effects have been reported. For instance, CS use has been
associated with a wide range of effects such as deranged
metabolism, growth suppression, increased susceptibility to
infection, and suppression of the hypothalamic—pituitary—ad-
renal axis [3, 4]. While such treatments can sometimes offer
patients better control of their AD symptoms, the clinical
course of AD often remains chronic for many.

In an effort to avoid the potential adverse effects of sys-
temic conventional AD treatments and also to attain better
clinical outcomes, many patients and practitioners have sought
alternative treatment modalities. Indeed, both practitioners and
patients may use a variety of conventional, complementary
and alternative (CAM), and integrative (both conventional and
CAM) treatment modalities to treat pediatric AD. Popular
examples of CAM treatments include traditional Chinese
medicine (TCM), supplements such as vitamins, probiotics,
omega-3 and omega-6 fish oil, as well as other integrative
modalities such as massage and psychological intervention.

Historically, few randomized control trial (RCT) trials have
been completed in pediatrics that have evaluated the safety
and efficacy of using such CAM approaches integratively
with conventional medicine for the treatment of AD. Recently,
more scientific attention has been focused on the use of CAM
approaches for AD in pediatrics. Several recent reviews have
evaluated the safety and efficacy of TCM and probiotics in
pediatric and adult populations suffering from AD [2, 3].

Pathogenesis of AD
The pathogenesis of AD is complex and incompletely under-
stood (Fig. 1). AD is thought to result from a complex inter-

action between disruptions of the skin barrier (some of which
have been associated with mutations within the filaggrin
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gene), immune abnormalities, and environmental and infec-
tious agents [5]. Cellular components involved with immune
dysregulation include Langerhans cells, inflammatory den-
dritic epidermal cells, monocytes, macrophages, lymphocytes,
mast cells, and keratinocytes. All of these factors interact to
contribute to a biphasic cytokine imbalance that leads to a
predominance of T helper type 2 (Th2) cells in the acute
disease phase (dominated by IL-4, IL-5, IL-10, and IL-13)
and T helper type 1 (Th1) in chronic disease (increased IFN-y,
IL-12 and IL-18) expression [5, 6]. In addition, The Th2
cytokine IL-5 as well as remodeling cytokines such as IL-11
and TGF-f31 also predominates in the chronic form of the
disease [7]. It is thought that dendritic cells have a central role
in the predominance of Th2 cells via production of chemo-
attractants for Th2 cells, namely CCL17 and CCL27 [8]. AD
patients also have an increased susceptibility to microbial skin
infections due to defective cell-mediated immunity. Children
with atopic dermatitis have decreased production of cathelici-
din, a human antimicrobial peptide and a protease inhibitor
that is able to destroy microbes via the innate immune system
[9]. LL-37, a peptide domain on cathelicidin, destroys bacteria
directly and indirectly through chemoattraction and recruit-
ment of mast cells [9]. LL-37 has the potential to dismantle
bacteria, viruses, and fungi [10, 11]. Decreased production of
cathelicidins weakens this innate immunity leading to in-
creased risk of superinfection. A variety of factors such as
xerosis, bacterial colonization, foods, aeroallergens, and
autoallergens, as well as mental stress [12], can all
exacerbate or trigger AD [5].

Probiotics

Probiotics are a diverse group of live microorganisms that
when ingested modify intestinal microbial populations. This
probiotic colonization confers a variety of therapeutic bene-
fits to the host likely through immune modulation via the
balance of pro- and anti-inflammatory cytokines in the gut
[13]. The mainstay of probiotics is lactic acid bacteria,
including Lactobacillus, Bifidobacterium, and Streptococ-
cus. There are a number of different theoretical models
describing the proposed mechanism of probiotics. These
mechanisms include (1) maintaining a mature and homeo-
static gut barrier, (2) immunomodulation (cytokines, Thl/
Th2 balance, IgE production, and serum inflammatory
parameters), (3) development of tolerogenic dendritic cells
leading to the production of more IFN-y and IL-10, (4)
downregulation of IL-4, (5) toll-like receptor (TLR) stimu-
lation leading to IgA differentiation and IL-6 production,
and (6) Treg production leading to increased TGF- and
suppressed IgE production [14].

Epidemiological studies have determined that the flora
sampled from the stool of infants and children with AD
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Fig. 1 Acute atopic dermatitis [5, 7, 14, 39-42, 44, 47, 48, 50, 68, 69].
A visual representation of the continuous cycle of acute AD and where
each CAM modality takes effect. A Probiotics, prebiotics, and syn-
biotics improve Th1/Th2 balance and stimulate TLR, inhibiting TSLP
gene expression. B D. huoshanense decreases levels of IL-5, 1L-13,
and IFN-y and suppresses TGF-f31. C Zemaphyte is an antioxidant that
changes the morphology of developing DCs. D PHF downregulates IL-
4-induced CD23 expression on monocytes and modulates mast cells to

differ from that of healthy individuals. Atopic children have
significantly less enterococci and bifidobacteria than healthy
individuals but more pathogenic organisms such as Clos-
tridium difficile and Staphylococcus aureus. In contrast,
lactic acid bacteria and bifidobacteria are more commonly
found in the intestine of healthy, nonatopic children and are
associated with protection against atopy [15, 16]. This find-
ing has led researchers to theorize that therapeutically
changing the composition of the stool favoring probiotics
may confer preventive and/or therapeutic benefits in patients
with AD and other inflammatory conditions.

Clinical research has been directed towards the use of
ingested probiotic bacterial strains in the treatment of pediatric

T inflammation

inhibit the release of inflammatory mediators. £ XFS regulates the
expression of Thl and Th2 cytokines. /' Relaxation techniques de-
crease stress that triggers AD cycle. G Vitamin B, decreases inflam-
matory cytokines to decrease NO,, decreasing pruritis. / Vitamin Bg is
an important enzyme for various biochemical reactions. / PUFA restore
stratum corneum and skin barrier. J Vitamin D decreases inflammatory
cytokines, promotes cathelicidin expression to decrease superinfection,
and increases synthesis of PDGF and promotes wound healing

AD. Since 2008, numerous reviews on the use of probiotics as
treatment and prevention for pediatric AD have been pub-
lished [13, 17-22]. Earlier reviews, including a Cochrane
review published in 2008, found no clear benefit for the role
of probiotics in treating pediatric AD and noted heterogeneous
results which may have been related to differences in bacterial
stains used [17, 20, 22]. Another review evaluated 13 RCTs,
10 of which evaluated probiotic use as treatment and 3 for
prevention of pediatric AD [19]. In this study, administration
of probiotics especially Lactobacillus rhamnosus GG to
infants at high risk of atopy prenatally and postnatally seemed
to be effective in preventing AD [19]. The authors noted that
in about half the RCTs, treatment with probiotics for 1 or
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2 months was also found to reduce the severity of AD,
especially in children with high total or allergen-specific se-
rum IgE and food allergy, although probiotics did not signif-
icantly change most of the inflammatory markers measured.
They cautioned that most of the positive results had serious
limitations in study design. A rigorous meta-analysis by Lee et
al. partially supported these findings favoring the use of pro-
biotics for prevention but not for treatment. They found a
significant risk reduction by as much as 61 % associated with
the use of prenatal and/or postnatal probiotics for pediatric AD
prevention [21]. The authors concluded that prenatal and
postnatal administration of probiotics appears to be a safe
intervention for pregnant women with a personal or familial
atopic history that may confer protection against AD for their
infants. Pooled data suggest that probiotics significantly re-
duce the likelihood of having AD at the age of 2 years, but
evidence for the therapeutic value of probiotics for established
AD is equivocal.

More recent reviews have examined various probiotic
combinations on the treatment and prevention of AD. A
Chinese meta-analysis of 12 RCTs on the preventive effects
of lactic acid bacteria as probiotics on infantile eczema found
that 7 of the 12 RCTs reported the preventive effect of lactic
acid bacteria on atopic eczema. The data from this meta-
analysis suggest that lactic acid probiotics combined with
other probiotics play a role in the prevention of infantile
eczema. The authors found insufficient evidence to recom-
mend the monotherapeutic use of lactic acid bacteria for the
prevention of eczema [23]. On the other hand, a meta-analysis
by Doege et al. reported on seven RCTs that assessed the later
impact of prenatal probiotics on older children and found a
significant risk reduction for atopic eczema in children aged
2-7 years by the administration of probiotics during pregnan-
cy (reduction 5.7 %, P = 0.022). It should be noted that this
effect was only significant for lactobacilli (reduction 10.6 %,
P =0.045) and not for a mixture of various bacterial strains as
probiotics (difference 3.06 %, P = 0.204).

Overall, conflicting data suggest that probiotics may be
effective for some, but not all, children with AD. Efficacy
may depend on many factors such as genotype, phenotype,
age, heterogeneity of disease, diet (formula vs breastfed),
dose, particular species of bacteria, and overall number of
bacterial species.

Prebiotics and Synbiotics

Prebiotics are indigestable microorganisms that provide a
favorable environment for a host's gut flora by stimulating
growth and activity of specific beneficial bacteria. As stated,
breast-fed infants are known to have a lower incidence of
atopic diseases. Breast milk has its own prebiotics, termed
human milk oligosaccharides, to create this environment,
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potentially leading to the bifidobacteria-rich gut found in
breast-fed babies [24]. To date, there is one human RCT
using prebiotics and two using synbiotics. Synbiotics are a
combination of prebiotics and probiotics, which achieve a
synergistic effect.

A prospective, randomized, double-blind, placebo-
controlled trial (RDBPCT) was conducted to determine
AD incidence in atopy risk, formula-fed infants who re-
ceived prebiotics during the first 6 months of life [25].
Prebiotics were made from a combination of 90 % short-
chain galacto-oligosaccharides (GOS) and 10 % long-chain
fructo-oligosaccarides (FOS), a formula derived from hu-
man milk studies. Over 200 infants at risk for atopy were
randomly split into placebo (hypoallergenic formula with
maltodextrine placebo) and prebiotic groups (0.8 g GOS/
FOS prebiotics per 100 mL hypoallergenic formula) and
monitored monthly for 6 months. Skin symptoms were
evaluated with the Scoring Atopic Dermatitis (SCORAD)
index (Table 1). After 6 months, 9.8 % of infants from the
prebiotics group and 23.1 % infants from the placebo group
developed AD. Among this group with AD, the SCORAD
scores were not notably different. This study is promising
for the use of prebiotics as a well-tolerated and effective way
to reduce AD incidence in a high-risk population.

Two prevention studies of AD have been performed on
synbiotics. The first was a RDBPCT of 1,223 pregnant wom-
en and their highly atopic-risk infants examining the incidence
of allergic disease at 2 years of age [26]. Mothers were given
either a probiotic preparation or placebo 2—4 weeks prior to
delivery. The probiotic preparation included bifidobacteria,
two strains of lactobacillus, and propionibacteria. After birth,

Table 1 Scoring Atopic Dermatitis [27, 67]

Score
Objective symptoms
A) Extent
a. Use rule of nines 1-100
B) Intensity (score each category below)?®
a. Erythema 0-3
b. Edema/papulation 0-3
c. Oozing/crusting 0-3
d. Excoriations 0-3
e. Lichenification 0-3
f. Dryness of the involved skin 0-3
Subjective symptoms®
C) Pruritis 0-8
D) Sleep loss 0-8

Equation to calculate score: 4/5 + 7B /2 + C. Interpretation of score:
mild <15, moderate 1639, severe >40

#Score range from this section is 0—18

°Score range from the two sections is 0~16
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infants were given synbiotics of the same probiotics plus GOS
for the first 3 months of life. The authors divide eczema into
eczema and atopic eczema, describing atopic eczema as those
with positive skin prick test or elevated antigen-specific IgE
levels. Eczema incidence in those given with synbiotics was
found to be 26 vs 32.3 % in the placebo group, while for
atopic eczema, incidence was 12.4 % as compared to 17.7 %.
This study suggests the use of synbiotics as another possible
means for the prevention of AD.

The second study differed from the previous in that the goal
was treating AD as opposed to preventing it. It was also a
RDBPCT performed to compare synbiotics with probiotics in
children ages 2 to 12 with moderate to severe AD [27]. The
probiotic used was a lactobacillus strain and the prebiotic
contained bovine protein, lactose, and potato starch. AD grad-
ing was done via SCORAD (see Table 1) and Investigator's
Global Assessment (IGA, an AD severity scale ranging from
0-6). Initial scores were obtained before the start of the trial
then evaluated monthly for 3 months and again 6—12 months
after completion of the study. The results indicated a significant
decrease from the starting SCORAD and IGA scores in both
groups. The mean total SCORAD score for synbiotic group at
baseline was 39 which decreased to 21 after just 3 months of
synbiotics. For the prebiotics alone group, the baseline score
was 39 and 24 after 3 months of treatment. While there was no
statistical significance in severity of atopy between the two
groups, both groups improved significantly. Of note, the IGA
scores showed similar findings with improvement after
3 months of treatment. As a follow-up, subjects continued to
be scored after cessation of the synbiotic and prebiotic thera-
pies. There was a notable increase in scores in only 2 to
4 months after completion of the trial. Although this study
showed no statistical difference between the two groups, the
improvement in both groups is a valuable piece of information.
While this study lacked a placebo group, it is currently the only
study of its kind to evaluate older patients and focus on the
treatment of AD with prebiotics as opposed to prevention.

TCM

For many centuries, Asian cultures have used TCM to treat
AD. Despite its popular use in Asian societies, studies
examining the safety and efficacy of traditional Chinese
herbal mixtures in children with AD have reported incon-
sistent results [2, 3]. Since standard TCM employs the use
of many herbs combined in different forms and dosed dif-
ferently depending on each individual patient, RCTs in this
arena have been difficult to perform. Without the ability to
analyze a standardized therapeutic product, bench studies
isolating the potentially efficacious immunomodulatory
components within such herbal products have also been
difficult to perform. In fact, such standardization contradicts

the basic philosophies of TCM that treatment should be
individualized for each particular patient. Nevertheless,
two recent reviews of a limited number of RCTs that study
Chinese herbal use AD have been published [2, 3].

A Cochrane review in 2004 [2] reports only four RCTs
that met inclusion criteria [28—32]. The ages of the random-
ized participants ranged from 1 to 60 years. Overall, the
authors concluded that Chinese herbal mixtures may be
effective in the treatment of AD; however, results were
heterogeneous. The authors called for larger clinical trials
but noted that the product used in the four studies (Zema-
phyte, a mixture of 10 traditional Chinese herbs), although
potentially effective, is no longer being manufactured due to
the inability of the manufacturer to obtain a license.

Only one of the four studies in the Cochrane review fo-
cused strictly on the pediatric population [31]. In the
RDBPCT, conducted in England, 47 children with wide-
spread, nonexudative AD each randomly received active treat-
ment with Zemaphyte or placebo for 8 weeks, followed by a
4-week wash-out period. Thirty-seven completed the study.
The authors noted there was no evidence of renal, hepatic, or
hematologic toxicity in the short term but recommend prior
routine monitoring for potential idiosyncratic renal, hemato-
logic, and hepatic reactions. A 1-year open follow-up study
undertaken by Sheehan et al. after their initial RDBPCT
showed a sustained beneficial effect of Zemaphyte [33].
Asymptomatic elevation of serum aspartate aminotransferase
to 7-14 times normal values was noted on one occasion in two
children whose eczema was so well controlled that the therapy
was stopped. Liver function tests were normal 8 weeks later.
Although Sheehan et al. did report positive results in favor of
Zemaphyte on doctor-rated outcomes of erythema and surface
damage as primary outcomes, the trial did not use intention-to-
treat analysis and drop-out rates exceeded 20 %. According to
the 2004 Cochrane review, Sheehan's results were more likely
to favor treatment [2]. Nevertheless, the authors concluded
that the study herbs did provide a therapeutic option for
treating refractory AD but noted that the possibility that it
may provoke hepatic abnormalities requires further study.

Another review published in 2011 [3], which addressed
RCTs of Chinese medicinal herbs on eczema for both adults
and children with AD, noted three new pediatric studies on the
use of TCM in pediatric AD. All three were conducted in
Hong Kong and used a novel Pentaherbs formulation (PHF)
[34-36]. The researchers conducted one pilot study on a PHF
capsule, which showed beneficial results [35] and then a
subsequent larger RDBPCT [34] assessing the efficacy and
tolerability of PHF in children with long-standing, moderate-
to-severe AD using both clinical scoring and quality of life
scoring. The five herbs that were included in the capsule Flos
Lonicerae (Jinyinhua) 2 g, Herba Menthae (Bohe) 1 g, Cortex
Moutan (Danpi) 2 g, Rhizoma Atractylodis (Cangzhu) 2 g,
and Cortex Phellodendri (Huangbai) 2 g (total 9 g of raw herbs
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daily) were based on a widely used ancestral Chinese
concoction.

In a separate study by the same authors, it was determined
that none of the herbs in PHF contained corticosteroids [37].
The Institute of Chinese Medicine also tested the PHF for
heavy metals, microbial products, and residual pesticides, and
it was found to be safe. In the RDBPCT, following a 2-week
run-in period, 85 children with long-standing moderate-to-
severe AD were randomized to receive a 12-week treatment
with PHF or placebo. The SCORAD score, Children's Derma-
tology Life Quality Index (CDLQI), allergic rhinitis score, and
requirement for topical corticosteroid and oral antihistamine
were assessed before and at weeks 4, 8, 12, and 16 after
treatment. Adverse events, tolerability, hematological (com-
plete blood cell counts, eosinophil counts), and biochemical
(electrolytes and renal and liver function) parameters were
monitored during the study. Data analysis used an intention-
to-treat approach. Over 12 weeks, the mean SCORAD score
fell from 58.3 to 49.7 in the treatment group (n =42, P=0.003)
and from 56.9 to 46.9 in the placebo group (n =43, P=0.001),
and there was no statistical difference between the two groups
in the SCORAD or the component scores. However, the
CDLQI in treated patients was significantly improved (over
30 % improvement) compared with the patients receiving
placebo at the end of the 3-month treatment and 4 weeks after
stopping the therapy (P = 0.008 and 0.059, respectively). The
total amount of topical corticosteroid used was also significant-
ly reduced by one-third in the PHF group (P = 0.024). There
was no significant difference in the antihistamine use or total
allergic rhinitis scores and the majority of allergic rhinitis
symptoms between the two groups. No serious adverse effects
were observed between the groups. Researchers concluded that
the PHF concoction is a palatable, well-tolerated treatment that
is efficacious in improving quality of life and reduces topical
corticosteroid use in children with moderate-to-severe AD.

In a subsequent study in 2011, Hon et al. tested the same
concoction in syrup form for tolerability and efficacy in
young children aged 4-7 years old with moderate-to-
severe AD and found essentially similar results [36]. The
therapeutic effects lasted 1 month after treatment cessation.

Since the 2011 review, we found two other Taiwanese
studies that examine a variety of TCM herbal formulations
for AD in the pediatric population [7, 38]. The first, an
uncontrolled pilot case-series study, examined the clinical
and immunomodulatory effects of a crude polysaccharide
fraction isolated from Dendrobium huoshanense in 27
patients aged 4-18 years with severe, refractory AD for
4 weeks followed by a 4-week follow-up period [7]. Pro-
gression of AD was determined with the Lund-Browder
chart for children, the Investigator's Global Atopic Derma-
titis Assessment (IGADA), and the SCORAD at weeks 0, 2,
4, and 8. Serum levels of cytokines were also evaluated.
Safety was determined with laboratory and clinical tests.
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The lesion area, IGADA score, total SCORAD result, and
score for sleeplessness decreased significantly from week 4
to week 8. Serum levels of IL-5, IL-13, IFN-y, and TGF-31
decreased significantly between weeks 0 and 4 and between
weeks 0 and 8. No significant difference in the levels of IL-
10 was found. Though data was not shown, Wu et al.
reported that the levels of total IgE and total eosinophil
counts did not show significant changes throughout the
study period.

The authors concluded that oral systemic treatment with
the polysaccharide extract from D. huoshanense reduced the
levels of some cytokines associated with AD and had sig-
nificant beneficial effects on symptoms relative to baseline.
No serious adverse effects occurred when it was adminis-
tered orally for 4 weeks. Limitations of the study included
the short-term nature of the study and the fact that patients'
conditions were not categorized into subtypes or evaluated
genotypically. Moreover, the individual active compound
within the polysaccharide has not yet been isolated.

The second study, a prospective RDBPCT using
intention-to-treat analysis examined the efficacy and safety
of a Chinese herbal product (Xiao-Feng-San) for the treat-
ment of severe, refractory AD in the pediatric population
[38]. Xiao-Feng-San (XFS) is a standardized formulation of
a Chinese herbal preparation containing 12 herbs that is
commonly used to treat AD in Asian clinical practice. All
study materials were tested for heavy metals and possible
microbial contaminants and verified using thin-layer chro-
matography. Doses were stratified by age. Of note, XFS
contains herbs that are unique from Pentaherb but contain
three herbs (Schizonepeta tenuifolia, Rehmannia glutinosa,
and Glycyrrhiza uralensis) in common with the formerly
produced Zemaphyte product. Seventy-one patients were
given an 8-week treatment with oral XFS or placebo. Total
lesion score, erythema score, surface damage score, pruritis
score, and sleep score were measured at 0, 4, 8, and
12 weeks. At each assessment, full hematologic, chemical
electrolyte, renal, hepatic, and immunologic markers were
measured, in addition to blood pressure, weight, and side
effects. Immunologic markers, IgE, eosinophil count, eosin-
ophilic cationic protein, IL-5, and IL-13 were above normal
at baseline but demonstrated no difference during the 8-
week treatment phase. The only abnormality observed was
a transient elevation of AST in one patient, which reversed
following 8 weeks of stopping treatment. Two patients in the
treatment group noted transient gastrointestinal upset during
the first week of treatment. The decrease in total lesion score
in the treatment group at 8 weeks was significantly greater
than that of the placebo group. Erythema, surface damage,
pruritis, and sleep scores also improved significantly. The
statistical difference between the two groups persisted for all
outcome measures except erythema at the 12-week follow-
up, 4 weeks after the 8-week treatment had ended. The
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authors concluded that the traditional Chinese herbal medi-
cine XFS may be an alternative therapy choice for severe,
refractory, extensive, and nonexudative AD.

Potential Underlying Mechanisms of TCM

It has been postulated that Zemaphyte might work as an
efficient antioxidant, capable of scavenging both superoxide
and hydroxyl and preventing peroxidation of biological mem-
branes. Zemaphyte may contribute to the downregulation of
the activities of cells implicated in atopic eczema through its
antioxidant activities [39]. Another theory by which the
Zemaphyte drug may work is by profoundly affecting the
morphology and phenotype of the developing dendritic cells
(DCs), notably by losing their typical dendritic morphology
and decreasing their expression of CD1a as well as the low-
affinity IgE receptor CD23. TCM-exposed DCs also have
been observed to exhibit a diminished stimulatory activity
toward autologous antigen-specific and allogeneic T cells
while secreting high amounts of IL-10 [40].

As was also reviewed in detail by Hon et al. [3], addi-
tional laboratory studies were undertaken in the Hong Kong
studies to determine the possible underlying mechanisms of
PHF on AD [5, 41, 42]. Several theories were formulated
that could explain the clinical benefit of PHF in children
with AD. In the first study, an in vitro downregulation of IL-
4 that induced CD23 expression on peripheral blood mono-
cytes was observed [41]. In this study, the authors postulated
that suppression of the low-affinity receptors for IgE on
antigen-presenting cells in patients with AD may partially
account for the underlying clinical benefit following treat-
ment with PHF. Another study concluded that PHF pos-
sessed both in vitro and in vivo immunomodulatory effects
for five inflammatory mediators [5]. A third study, which
investigated the actions of PHF on mast cell activation,
concluded that individual herbs of PHF modulated mast
cells and inhibited the inflammatory mediators from mast
cells, a finding which may help explain the benefit seen
clinically in the pediatric treatment subjects who received
PHF [42]. Potential mechanisms cited by the authors in the
D. huoshanense study suggest that decreased levels of IL-5,
IL-13, and IFN-y and suppression of TGF-{31 could account
for the observed improvement in symptoms or could be an
indirect effect of alterations in other cytokines [7].

The authors of the XFS study admit that a limitation of
their study is the lack of pharmacokinetic and pharmacody-
namic data that could describe the underlying mechanism of
their study drug. They do note that isolates from several of
the individual herbs found within XFS have been postulated
to affect immunomodulatory activity by inhibiting allergic
skin reactions activated by anti-DNP IgE [7, 43], regulating
the expression of Thl- and Th2-related cytokines [44] and

affecting macrophage activity [45]. Although they felt that
immunomodulation is a likely part of the explanation, they
saw no changes in serum levels of inflammatory markers
and called for further investigations to delineate the exact
biological mechanisms of XFS.

Safety of TCM

While in the reviewed studies no true adverse effects were
found, caution must still be applied when considering the
use of Chinese herbal medicine, especially in the pediatric
population. Herbal preparations are available without a pre-
scription and perceived as organic and chemical free to the
public who is viewing a “natural” product. These herbs are
largely unregulated by the FDA and often unlabeled.

A study done in London was inspired by the authors'
patients praising their Chinese herbal medicine which was
used to treat eczema [46]. The authors were suspicious for a
steroid in the creams. They analyzed the creams used by 11
patients (aged 4 months to 36 years), using gas chromatog-
raphy to determine the presence of topical steroids. Of note,
the creams were in containers either unlabeled, or the ingre-
dients were labeled in Chinese and none of them revealed
the presence of a steroid. Eight of the 11 creams were found
to include dexamethasone. The mean concentration was
456 png/g (range 64—1,500 pg/g), and the highest concen-
tration was found in the 4-month old baby's eczema cream
which was used on her face. By comparison, commercially
available topical dexamethasone cream which is available in
Western medicine to treat eczema is supplied at a potency of
0.1 % (or 1,000 ng/g).

These medications are easily accessed and not monitored
by the FDA; therefore, the presence and/or concentrations of
steroids are unknown, unregulated, and potentially hazard-
ous, particularly in children. Patients are often using an
herbal cream in addition to a topical/oral steroid, and the
additive effect of steroids must be considered. Care must be
taken to assure what patients are truly taking.

Vitamins and Minerals

Various supplements have been implemented in the treat-
ment of AD. Studies have been done examining the efficacy
of pyridoxine, unsaturated fatty acids, vitamin D, vitamin E,
vitamin By, and zinc (Table 2).

Pyridoxine, or vitamin Bg, is an essential vitamin as well
as a cofactor for many biochemical reactions in the body.
While there is no specific mechanism linking vitamin Byg
deficiency and AD, a diet deficient in vitamin B could
theoretically increase the risk of AD [47]. In a RCT, either
pyridoxine HCI or placebo was given to 48 children with
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Table 2 Vitamins and minerals in atopic dermatitis [47, 48, 50-56, 59]

Vitamin/mineral Effect on AD

Comments

Pyridoxine (Bg)

dermatitis
Polyunsaturated 1 Stratum corneum repair and improves structure of skin barrier
Fatty Acids
(PUFA)
Vitamin D 1 Differentiation of keratinocytes

1 Synthesis of PDGF to promote wound healing
1 Cathelicidin expression

| Synthesis of inflammatory cytokines
Cobalamin (B,)

Zinc

Important cofactor for enzymes involved in biochemical reactions
relating to the skin barrier. Deficiencies can cause pellagra like

| Production of inflammatory cytokines = | NOs = | pruritis

| Zinc levels have been observed in those with AD

One RCT: No significant difference between B4 and
placebo group on AD

Open trial is promising; however, no RCT has been
done in the pediatric population

No RCT on using vitamin D as a treatment option

Studies done showing significantly higher vitamin D
levels in those with mild AD vs moderate or severe AD

One RCT in children with statistically significant
results for topical By, vs placebo

One prospective cohort study in pregnant women
showing association of higher vitamin B, levels in
early pregnancy with increased incidence AD in
offspring.

A RCT proves no benefit to oral zinc supplementation

AD for 1 month to observe clinical effects on AD [47]. The
dose of pyridoxine was 50 mg daily, greater than 30 times
the recommended daily children's intake of pyridoxine.
Symptoms were reported subjectively by parents and objec-
tively by one objective investigator. Results showed no
difference between these two groups, and it was concluded
that vitamin By is an ineffective treatment modality for AD.
Polyunsaturated fatty acids (PUFA), like those found in
fish oil, primrose oil, and borage oil, have been employed in
the restoration of the stratum corneum and the structure of
the skin barrier [48]. For this reason, dozens of studies have
tested the value of PUFA in AD. None of them have shown
that PUFA is associated with improvements in clinical status
of AD [49]. However, a more recent open trial showed some
promise using a larger combination of PUFA [48]. Subjects
aged 13 to 47 were split into two groups, receiving either a
powder or capsule of supplements. Included in the supple-
ments were five fatty acids, vitamin C, vitamin E, and zinc.
After a 16-week trial, outcomes based on the SCORAD
index and subjects' own subjective symptoms demonstrated
a significant improvement of symptoms. Mean SCORAD of
group 1 (powdered supplement) at the start of the trial was
65.1 and 24.4 after 16 weeks. Group 2 (capsule supplement)
had a mean score of 60.8 at the start and finished at 29.1.
Subjective symptoms correlated with SCORAD scores. Un-
fortunately, this was not a randomized control trial and there
was no placebo group. These early results will hopefully
prompt further high-quality research trials, and there may
yet be an encouraging future for the use of PUFA in AD.
Vitamin D has recently become the subject of a consid-
erable amount of research. Vitamin D is thought to be
promising in the treatment of AD for several reasons,
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including its ability to induce differentiation of keratino-
cytes, increase synthesis of platelet-derived growth factor,
facilitate wound healing, decrease synthesis of inflamma-
tory cytokines, and promote cathelicidin expression [50].
A recent study was performed evaluating vitamin D
levels in children age 8 months to 12 years with different
severities of atopic dermatitis [S51]. Vitamin D levels as
25-hydroxyvitamin D (25(OH)D) were measured via
chemiluminescence. IgE levels for S. aureus (S. aureus)
enterotoxins and for Malassezia furfur (M. furfur) were
also quantified via ImmunoCAP. Subjects with mild AD
had 25(OH)D levels that were significantly higher (P <
0.05) than those with moderate or severe AD. The IgE
levels showed a similar pattern for both S. aureus and M.
furfur. This study warrants further testing of vitamin D as
a treatment for children with AD.

Cathelicidin is known to be expressed through a complex
pathway involving the active form of vitamin D (1,25-dihy-
droxyvitamin D) [52]. Oral vitamin D has been suggested as
a way to increase the quantity of cathelicidin in order to
decrease the risk of superinfection in those with AD. In a
single-center, three-week long, controlled study of 14 indi-
viduals of unspecified age with moderate to severe AD and
14 without AD, subjects were all given 4,000 IU oral vita-
min D3 daily [53]. These subjects were followed with punch
biopsies of both uninvolved skin of both groups as well as
the affected areas of the AD group. The punch biopsies were
performed to examine the amount of cathelicidin expression
pre- and posttreatment with vitamin D3. While not statisti-
cally significant, the biopsies of affected skin in those with
AD showed a progression from a pretreatment level of 3.53
relative copy units (RCU) to 23.91 RCU posttreatment. The
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effect was much more modest in the unaffected group with
an increase from 1 to 1.78 RCU. While not a RDBPCT, this
study suggests that vitamin D may have a beneficial role, via
stimulation of cathelicidin production in those patients with
AD to decrease the chances of cutaneous infections. In
theory, vitamin D supplementation could reduce hospital-
izations as well as antibiotic use and resistance. Currently,
no RCTs of Vitamin D in the treatment of AD in children
have been done.

Cobalamin, or vitamin B,, has also been theorized to
have a role in treating AD. Vitamin B, is known to sup-
press the production of inflammatory cytokines [54]. These
cytokines stimulate nitric oxide synthase, enzymes respon-
sible for nitric oxide production and symptoms such as
vasodilatation, erythema, and pruritis. Previous studies have
shown that high nitric oxide synthase levels are present in
the affected skin of those with AD and that they are thought
to be a potential cause for some of the symptoms experi-
enced by those with AD. Thus, if vitamin B, decreases the
amount of inflammatory cytokines produced, nitric oxide
synthase expression may be inhibited and symptoms may
decrease. The first and only RDBPCT to date that was done
on topical vitamin B, therapy in pediatric subjects shows
promise [55]. Subjects between the ages of 6 months and
18 years were given topical vitamin B, cream on one side
of the body and a placebo cream on the other. A modified
SCORAD was used to grade the progress at baseline and at
2 and 4 weeks. Results showed a significant decrease in
SCORAD value after both 2 and 4 weeks of treatment, on
the treated side when compared to the placebo side. At
4 weeks, the score was decreased by 4.52 and 1.61 points
for vitamin By, and placebo, respectively (P = 0.011).

Interestingly, a recent prospective cohort study was done
on pregnant women to determine an association between
elevated vitamin B, levels during pregnancy and atopic dis-
eases in the infant [56]. Levels of B, were drawn during the
first trimester of pregnancy, and atopic dermatitis was
screened for with parental questionnaire and physician inter-
view at ages 12, 24, 36, and 48 months. Vitamin B, levels
>178 pmol/L were significantly associated with higher inci-
dence of atopic dermatitis in infants in the first 4 years of life.
The mechanism behind these results may include the role of
vitamin B, as a methyl donor in DNA impacting the Th1/Th2
equilibrium. This is supported by a study in mice showing
exposure to in utero vitamin B, and folate mutating this
equilibrium to a Th2 predominance [57].

It has been suggested that children with atopic dermatitis
have decreased serum zinc levels [58] and oral supplemen-
tation may improve the symptoms of AD [59]. The first
RDBPCT to study oral zinc's effect on AD was an 8-week
trial on patients aged 1-16 years [59]. Subjects were
instructed to take placebo capsules or zinc capsules three
times daily. The zinc capsules contained over three times the

recommended adult daily value of zinc. Changes in AD
were measured subjectively by patients and parents as well
as by an objective observer. Symptoms included itch, sleep
disturbance, erythema, steroid application, emollient appli-
cation, and the trimeprazine dose used. At the end of the
trial, there were no significant changes in the mean symp-
tom score with the exception of a significantly higher “mean
itch” score in those taking the zinc capsule. Further studies
must be done in order to demonstrate the efficacy of zinc
oral preparations in AD.

Relaxation Therapies

Stress has been postulated to worsen AD through a variety of
mechanisms such as increased histamine release and vasodi-
lation, leading to redness and itching in atopic children [28],
and central nervous system-mediated vasoconstriction sec-
ondary to chronically stressful situations [29]. Stress can
negatively impact the immune system via increased cortisol
levels and altered immune function [30]. Some researchers
have explored stress reduction as an adjunct treatment for AD
as a means to lessen the scratch—itch cycle that exacerbates
symptoms of AD. Massage, biofeedback, progressive muscle
relaxation, and hypnosis have been utilized as adjunct stress
reduction therapies for children with AD. However, high-
quality RCTs have not yet been performed.

To date, no RDBPCT has been conducted to study the
effect of massage in children or infants with AD. We found
only two very small studies of massage for treatment of AD
in children in the literature [31, 32]. While both studies had
notable limitations of study design, results seemed to indicate
improvements in children's affect, activity level, parental
anxiety, and atopic eczema in the short term. In the aroma-
therapy study, which compared regular massage with aroma-
therapy massage, there was a lack of increased efficacy on AD
of the essential oils used in the aromatherapy massage group,
which the authors note was a consistent finding in previous
aromatic studies that evaluate dermatologic outcome parame-
ters. Moreover, a worsening of AD occurred in subsequent
sessions, which may be a result of an allergic contact derma-
titis to the essential oils.

Discussion

AD is a complex disease with an intricate pathophysiology
and a plethora of triggers, making treatment challenging.
Integrated medicine is becoming more popular in use, and
while much research has been done, more is needed to
determine efficacy and safety of its use in the pediatric
population.
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Probiotics, while fairly well studied, are viable treatment
and prevention options for some, but not all, patients. Both
prebiotics and synbiotics show promise for the prevention of
AD. However, it was not so effective as a treatment modal-
ity. Few studies have been done on prebiotics and synbiot-
ics, and further research is recommended. Traditional
Chinese medicine, an encompassing term of alternative
medicine originating in China, consisting of herbal medicine
as well as touch therapy and dietary modifications, is anoth-
er well-studied form of CAM. Chinese herbal medicine is
potentially more dangerous in the pediatric population, as
adverse effects have been reported in the past. RCTs with
several different herbal combinations show success with
certain herbs to decrease AD symptoms, need for cortico-
steroids, and even inflammatory cytokines. The only side
effect noted in these studies was asymptomatic transaminitis
in a small number of patients. It is quite possible, and
indeed, there are some preliminary data that show that
Chinese herbal remedies may contain high levels of steroids,
a fact that is unknown to most users of TCM [60].

RCT of relaxation therapies in pediatric AD is sparse;
however, some uncontrolled studies show marked improve-
ment in symptoms. Vitamins and minerals have been sug-
gested as a treatment option for AD. Again, there is
insufficient research done to show that supplementation
with any vitamin or mineral can truly benefit a pediatric
patient with AD. A RCT on topical vitamin B, shows
statistically significant improvement; however, there are
currently no topical vitamin B12 preparations available.

While the research in the use of integrative medicine for
the treatment of AD has increased and shows much promise,
there is still a need for more RCT to be done, especially
those in the pediatric population. With regard to integrative
medicine in atopic dermatitis, this review only touches the
surface and much more literature is available on the subject.
For additional material, the reader is directed to recent
reviews and studies published in the Western [5, 7, 18, 36,
38, 61-64] and Chinese literature [3, 65, 66].
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