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Abstract

Background: Atopic dermatitis (AD) is chronic inflammatory skin disease that is relapsing and a serious condition
that disrupts the quality of life of affected individuals. Probiotics are an immunomodulator that can enhance the
immune control of atopic dermatitis.

Methods: All randomized controlled trials of probiotics for the treatment of adult AD published before December
2020 were included in this study from the PubMed databases and manual searching.

Results: Six randomized controlled trials (n=241) were selected for this meta-analysis study. Probiotics were
effective in treating adult patients with AD, indicated by the decrease in Scoring Atopic Dermatitis/SCORAD (Mean
Difference (MD) — 7.90, 95% Cl —7.25 to — 6.92; p < 0.00001; I* = 96%) and improved quality of life (MD — 7.68, 95%
Cl—14.08to0 — 1.29;p=0.02; 1> = 47%) which were statistically significant. However, skin severity, itch severity, Der-
matology Life Quality Index (DLQI), IL.-4, TEN-y, and IgE showed no significant difference in this meta-analysis study
(p>0.05).

Limitations: The study found no available data for side effects of probiotics.

Strength: This meta-analysis analyzed a total of 241 AD patients of Asian and European origin.

Conclusion: The use of probiotics decreased SCORAD significantly in adult patients with AD. Probiotics can improve
the quality of life of patients with AD.

Capsule summary: The use of probiotics in atopic dermatitis has been widely studied, with controversial results. This
meta-analysis suggests that the use of probiotics can improve SCORAD and the quality of life of patients with atopic
dermatitis.
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Background

Allergic diseases, including atopic dermatitis (AD),

are serious conditions that disrupt the quality of life of

affected individuals. AD is a chronic inflammatory skin

disease that is relapsing and whose onset is generally

related to a patient’s or family’s atopic history such as
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relapse path is a major feature of AD and greatly impacts
the quality of life of patients and their families. A study of
adolescents with AD showed that patients with mild to
moderate disease had a lower quality of life, as measured
by the Children’s Dermatology Life Quality Index [3, 4].

The onset of AD often occurs at three to six months of
age, with nearly 60% of patients experiencing disease pro-
gression in the first year of life and up to 90% experienc-
ing such by five years of age [2]. Epidemiological studies
have shown that the overall prevalence of AD worldwide
is around 1% to 20% [5-7]. A retrospective study found
that 7.3% of patients in the dermatologist clinic were
affected, with the predominantly afflicted age group being
those from 15 to 24 years old (33.3%) [8]. The chief com-
plaint in AD patients who come to the clinic is recurrent
itching, dry skin, and redness [9, 10]. Several AD thera-
peutic approaches have been established, which include
promoting skin hydration, emollients, allergen avoidance,
and the use of antihistamines or corticosteroids during
the exacerbation phase. However, while these therapies
can relieve symptoms, their use is often not effective
enough, and the recurrence rate is still high [11-15].
Retrospective studies from referral hospital in Indonesia
indicate that much of the medication uses mebhydrolin
napadisylate and then dexamethasone [16, 17].

A significant amount of information has been released
about the use of probiotics in AD but mixed results have
been reported, especially in the adult population [18].
Probiotics are widely used as adjuvant therapy for aller-
gic cases with inconsistent results due to the multifacto-
rial mechanism of allergies [19-21]. Prakoeswa et al. in
their previous research used a probiotic—namely, Lac-
tobacillus plantarum 1S-10506, which is isolated from
curd as the result of the fermentation of traditional Indo-
nesian buffalo milk—in adult with AD, and reported a
significant increase in Foxp3 and interleukin (IL)-10.
Lactobacillus sp. is important for adjuvant therapy in the
treatment of AD and preventing recurrence or develop-
ment of AD, which plays a role in modulating Thl and
Th2 cytokine profiles. The study showed a decrease in
SCORAD index, IL-4, and IL-17 [22]. Another study of
Lactobacillus sp. for children AD showed similar results
in reducing clinical symptoms of AD. That effect was
shown by decreasing in SCORAD and levels of serum
IgE, IL-4, and IL-17. It decreases the clinical symptoms
by suppressing Th2 adaptive immune response, but
not increasing the Thl adaptive immune response [23].
Other research suggested that the probiotic administra-
tion decreased the clinical symptoms of AD through the
induction of regulatory T-cells (Tregs) and equilibrium of
the role of Th1-Th2-Th17 [23-26]. To support probiot-
ics used as adjuvant therapy for allergic cases, a recent
study using the same probiotics caused a greater decrease
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in the Scoring Atopic Dermatitis (SCORAD) index in the
group receiving L. plantarum compared with the control
group [18, 27-29].

Systematic review is needed to establish the highest
level of validity of existing researches. Thus, the pre-
sent systematic review assessed randomized control
trials (RCTs) based on the PICO strategy—that is, popu-
lation =adult with AD; intervention = probiotic interven-
tion; control=standard therapy; and outcome = clinical
manifestations (SCORAD evaluation, skin severity, itch
severity), quality of life, and/or immune response (i.e.,
Thl, Th2, Th17, Treg, Th9, and Th22). This study adds
more studies than previous reviews by Kim et al. and
focuses on adult population.

Methods

Literature selection

RCTs published before 1% December, 2020 were sourced
from the PubMed databases and manual searching using
keywords related to atopic dermatitis and probiotics. In
particular, all relevant studies were addressed by using
keywords “atopic dermatitis OR eczema” AND “probiot-
ics OR lactobacillus” AND “adult” The studies must be
written in English. We also assessed all the citations of
relevant articles manually to supplement this review. Eli-
gible studies included (1) RCTs that involved assessments
of living microorganisms in the digestive tract, includ-
ing bacteria, fungi, or yeast, digested singly or in com-
bination, and (2) participants of adults and any gender
who were diagnosed with atopic dermatitis or eczema
by a doctor. However, those studies assessing other spe-
cific dermatitis such as irritant contact dermatitis were
excluded.

Data extraction, quality assessment, and outcomes

Four independent authors evaluated all the studies
retrieved from the databases and reference lists. There
was no disagreement, and it was not necessary to add
an authorization review for mediation purposes in pro-
cessing the gathered data. The data collection was tested;
then, the gathered data used to summarize each trial’s
key points were checked and the data collected. For this
review, the following outcomes were extracted from the
included studies: changes in the symptoms of dermatitis
assessed by SCORAD, skin severity, itch severity, changes
in the quality of life reported at the end of therapy, and
changes of cytokines (IFN-y, Serum IgE, IL-4).

Data analysis

For continuous data, we calculated individual and
pooled statistics as mean differences (MD) where stud-
ies used the same outcome measure, reported with 95%
confidence interval (CI), where possible. Forest plots
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were created to present the prevalence and the corre-
sponding 95% CI of mean differences and clinical char-
acteristics, respectively. We used I* statistics to assess
heterogeneity among the studies. I* values from 0 to
50% indicate low heterogeneity, I* between 50 and 75%
indicates moderate heterogeneity, and I* more than
75% indicates high heterogeneity. If I* < 50%, we used
the fixed benefit model to pool the data. Contrarily,
when I > 50%, we used the random effect model. The
threshold of statistical significance was set to be 0.05.
We used a funnel plot to test publication bias. All anal-
yses and plots were performed and created with Review
Manager (version 5.3).
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Results

This study compiled six studies in total that were iden-
tified from the database. Six RCTs involving a total of
241 subjects, including 128 subjects in the probiot-
ics group and 113 subjects in the placebo group, were
included in the meta-analysis. Among 241 adult sub-
jects (aged > 14 years old) there were 109 males and 132
females. The studies included in this meta-analysis were
conducted in Asian population (Indonesia and Japan)
and European population (Italy). The flowchart for the
literature search and selection process is shown in Fig. 1.
The diagnosis of AD by Hanifin Rajka criteria was used
by Prakoeswa et al. and Matsumoto et al., while Moroi
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et al. used Japanese Dermatological Association crite-
ria for AD. Drago et al. and Iemoli et al. used consensus
guidelines in diagnosis and treatment of AD by Eichen-
field in 2004 for diagnosing AD. Meanwhile Inoue et al.
did not state the criteria for AD used in the study. We
analyzed outcomes changes in the symptoms of derma-
titis assessed by SCORAD, skin severity, and itch sever-
ity, changes in the quality of life reported at the end of
therapy, and changes of cytokines (IFN-y, Serum IgE,
IL-4). A tabulation of study author(s), publication date,
research design, treatment approach, recruited numbers,
and patient age was prepared from the included studies
(Table 1).

Clinical effects by the severity of AD

Probiotics were effective in treating subjects with mod-
erate. AD in adult and decreased SCORAD signifi-
cantly (MD —7.90, 95% CI—7.25 to—6.92; p<0.00001;
P=96%) in three studies (Fig. 2). However, skin severity
and itch severity showed no significant difference (MD
— 0.17, 95% CI—0.60 to 0.26; p<0.45; ’=0% and MD
— 0.19, 95% CI—0.67 to 0.30; p<0.45; ’=49%) in two
studies included (Figs. 3, 4, 5).

Quality of life index

The assessment for quality of life was conducted in four
out of six studies reviewed in this meta-analysis. Pra-
koeswa et al., Iemoli et al., and Drago et al. used Derma-
tology Life Quality Index (DLQI) as a tool to assess the
life quality of the patients, but Prakoeswa et al. assessed
the DLQI as secondary outcome without mentioning
the DLQI score. Meanwhile, Moroi et al. and Matsu-
moto et al. used Skindex-16 and Skindex-29 to determine
the quality of life, respectively. A random-effects model
meta-analysis of two studies reported the quality index of
84 total subjects, including 50 subjects in the probiotics
group and 34 subjects in the placebo group (Fig. 3). The
analysis of data showed that the DLQI was not improved
significantly in the probiotics group (MD —0.96, 95%
CI—2.82 t0 0.89; p=0.31; *=92%).

Cytokines

There were three studies, including a total of 117 sub-
jects, that reported the results of cytokines IL-4 and
interferon (IFN)-y. The meta-analysis revealed no dif-
ference existed regarding the IL-4 and (IFN)-y level in
the probiotics group and the placebo group difference
(MD — 3.09, 95% CI—6.19 to 0.00; p=0.05; *=97%
and MD 1.16, 95% CI—0.67 to 2.99; p<0.21; *=87%)
(Figs. 6, 7). Other result of cytokines is serum IgE, which,
in this meta-analysis, showed no significant difference
(MD —0.02, 95% CI—0.20 to 0.16; p=0.83; I*=35%)
(Fig. 8). Finally, we conducted a pooled analysis and
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critical appraisal regarding the effect of probiotics on AD
and found that, in this meta-analysis, all of the included
studies were valid, important, and applicable.

Discussion

There is increasing evidence that the intestinal micro-
biome plays an important role in modulating systemic
inflammation and disease. While the exact nature of
the gut microbiome naturally varies between individu-
als, there can also be fluctuations attributable to myriad
exogenous and endogenous factors. Factors that result in
a negative biome balance predispose the host to offering
an environment in which virulent bacterial strains, such
as Escherichia coli, Pseudomonas aeruginosa, and Ente-
rococcus faecalis, come to dominate the gastrointestinal
tract [30].

The utility of oral probiotics for the treatment and pre-
vention of AD has been explored through several large
cohorts and randomized controlled studies. In this recent
meta-analysis, including 241 patients, we analyzed some
outcomes: clinical effect (SCORAD values, skin sever-
ity, itch severity), quality of life (QOL), and cytokines
(serum IgE, TNF-y and IL-4) for patients receiving oral
probiotics.

Clinical effect
The preventive and therapeutic actions of probiotics in
the intestine in patients with AD are of key consideration.
Prior studies have suggested that childhood and adult
enteric infection and bacterial exposure in the gastroin-
testinal tract may protect individuals from allergies [31,
32]. From the included studies, we found that probiotic
supplementation reduced the clinical manifestations of
AD. A mixture of seven probiotic strains and fructooli-
gosaccharides may clinically improve the severity of AD
in adults. Considering the numerous beneficial effects of
probiotics, their simple administration route, and their
low side effects, assessing the effect of these treatments
on other allergies such as food allergies, asthma, and
allergic rhinitis, is an area for future research [33].
Clinical improvement in AD was assessed by changes in
disease severity. AD disease severity can be assessed by a
variety of methods, the most widely used being the SCO-
RAD score. The SCORAD index assesses the intensity
of skin lesions (erythema, papules, crusts, excoriation,
lichenification, and dryness) which is then formulated
into a score. The higher the score, the worse the dis-
ease. In this meta-analysis study, three of the six studies,
including Prakoeswa et al., Drago et al., and Iemoli et al.,
used SCORAD as a parameter of clinical improvement.
Specific mixture of probiotics (LSO1 and BRO3 strains)
may induce beneficial effects with respect to clinical and
immunologic alterations in adult AD. This combination
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Drago 2011 1314 027 19 2014 027 19 97.0%  -7.00[-7.17,-6.83]
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Fig. 2 Forest plot of SCORAD values stratified by disease severity

could be considered as adjuvant therapy for the treat-
ment of AD in adult patients [34]. Mixture of probiot-
ics (Bifidobacterium lactis CECT 8145, B longum CECT
7347, and Lactobacillus casei CECT 9104) was effec-
tive in reducing SCORAD values and the use of topical
steroids in patients with moderate AD [32]. Karim et al.
showed significantly reduced SCORAD in the fourth
week and eighth week after treatment with probiot-
ics [35]. Finally, Gore et al. found no benefit from sup-
plementation with B. lactis or Lactobacillus paracasei
in the treatment of eczema when given as an adjunct to
basic topical treatment and no effect on the progression
of allergic disease from one to three years of age [36—39].
Iemoli et al. assessed the clinical efficacy of an intake of
a combination of two probiotics (Lactobacillus salivar-
ius LSO1 and Bifidobacterium breve BR0O3) for the treat-
ment of adult AD patients. Patients receiving probiotics
showed a significant reduction in SCORAD value at the
end of treatment, which persisted after suspension, and
an improvement in DLQI [34]. Some previous studies,
randomized, double-blind, and placebo controlled study,
evaluated the clinical symptoms showed significantly
reduced SCORAD in adult AD after probiotic treatment
[28, 34]. Drago et al, in the probiotic group, showed
significantly reduced SCORAD after four months treat-
ment; however, Prakoeswa et al. showed the result after
eight weeks treatment. Decrease in SCORAD was not
associated with total IgE level [22, 40]. Clinical symptoms
also showed in skin severity index after probiotic treat-
ment in adult AD. Some studies suggested that the skin
severity index can be reduced after eight weeks of treat-
ment [41, 42].

Immunological response

Probiotics demonstrate an immunomodulatory effect
and are able to improve intestinal barrier function and
reduce the inflammatory reaction in allergy diseases such
as AD by inhibiting the epithelial and mucosal adher-
ence of pathogens and preventing pathogen invasion
through the epithelium [33, 43, 44]. Probiotics restore the
mucosal barrier function in the intestines and degrade

food antigens, which may decrease the rate of pathogen
proliferation [31, 33, 45].

Th2 cells are more predominant than Thl cells in
AD, which causes an imbalance between these two cell
groups, leading to defects in filaggrin and resulting in
skin-barrier dysfunction and decreased protection from
pathogens and allergens. There has been speculation that
exposure to microbial agents at an early age may increase
the rate of Th1l cell maturation and decrease the Th2 cell
response. Prebiotics increase the induction of Tregs and
modulate Toll-like receptors (TLR), which can activate
dendritic cells and the Th1 response or may cause direct
induction on T-cells [31, 33, 46]. Other studies reported
that probiotics increase Thl function and decrease Th2
and Th17 activity. Th17 cells are increased in acute AD
and correlate with disease severity [34, 44].

The present meta-analysis revealed that there was no
difference in IL-4 levels between the probiotics group
and the placebo group. Meanwhile, IFN-y (p=0.45) was
not statistically significantly decreased in the placebo
group [31]. Some studies showed significant modulation
of the innate and adaptive immune response except IL-4
and total IgE [47]. Bonita et al. showed no significant dif-
ference of IgE after treatment with probiotics [48]. Farid’s
study showed that there was no significant difference
between the probiotic and placebo groups with respect to
baseline characteristics. However, no specific effect of the
probiotics employed was demonstrated on the IL-4 and
IFN-y (p=0.05 and p =0.21) [33, 36, 37]. Treg decreased
in AD patients while IgE, eosinophilia, and IFN- y levels
increased. Probiotics species can induce Treg [49, 50].
Some studies findings showed that Lactobacillus species
can induce Treg stimulation by signaling pathway medi-
ated by dendritic cell-specific intracellular adhesion mol-
ecule 3-grabbing nonintegrin (DC-SIGN) [51].

Probiotics play a role of improving gut permeability
in AD patients. This can be seen in the restoration of
the intestinal protective function. Several studies have
shown a significant reduction in microbial transloca-
tion after probiotic treatment in AD patients [51]. lemoli
et al. stated that the combination of probiotics greatly
influences immunomodulatory activity as the ability
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Test for overall effect: Z= 0.76 (P = 0.45) Favours probiotics Favours control
Fig. 4 Forest plot of the itch severity
Probiotics Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Matsumoto 2014 31 186 16 415 22 17 13.5% -1.05[-2.36,0.26]
Moroi 2010 2.28 1.04 22 233 067 22 86.5% -0.05[-057, 047
Total (95% CI) 38 39 100.0% -0.19[-0.67, 0.30]
Heterogeneity: Chi*=1.94, df=1 (P=0.16), F= 49% k + 1 t {
Test for averall effect: Z= 0.76 (P = 0.45) =140 iy o a 2y Ll
Favours Probiotics Favours control
Fig.5 Forest plot of the skin severity score
Probiotics Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI
Drago 2011 5213 19.03 19 38 15 19 27% 1413[3.23,25.03) =
Inoue 2015 11 05 24 1 02 25 51.8% 0.10[-0.11,0.31]
Prakoeswa 2020 4466 0847 15 2856 1698 15 456% 1.61 [0.65, 2.57)
Total (95% Cl) 58 59 100.0% 1.16 [-0.67, 2.99]
Heterogeneity: Tau*= 1.67, Chi*=15.35, df= 2 (P = 0.0005); F= 87% k + t t |
. _ -100 -50 0 50 100
Testfor overall effect: Z=1.25 (P = 0.21) Favours Probiotics Favours control
Fig. 6 Forest plot of IFN-y
Probiotics Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Inoue 2015 0.98 0.3 24 1 0.35 25 100.0% -0.02 [-0.20, 0.16)
Prakoeswa 2020 470.83 751.32 15 222.826 181.681 15 0.0% 248.00[-143.17,639.18] 4 >
Total (95% CI) 39 40 100.0% -0.02[-0.20, 0.16]
Heterogeneity: Chi*=1.54, df=1 (P =0.21); F= 35% I t t |
-100 -50 0 50 100
Test for overall effect: Z=0.21 (P = 0.83]
y ) Favours Probiotics Favours control
Fig. 7 Forest plot of the serum IgkE
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Probiotics Placebho Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Drago 2011 2532 319 19 335 35 19 30.3% -8.18[10.31,-6.05) -
Inoue 2015 11 0.2 24 095 03 25 354% 0.15[0.01,0.29]
Prakoeswa 2020 041 0.23 15 235 1.78 15 34.3% -1.94[-2.85,-1.03)
Total (95% CI) 58 59 100.0% -3.09[-6.19,0.00]
Heterogeneity: Tau®= 7.05; Chi*= 77.69, df= 2 (P < 0.00001); F= 97% I t 1 y {
Test for overall effect: Z=1.96 (P = 0.05) -100 50 8 50 100
Favours Prohiotics Favours control
Fig. 8 Forest plot of the IL-4

to increase barrier function [34]. In addition, probiotic
strain has important role in modulating Thl and Th2
cytokine profile. Therefore, probiotics can be used as
adjuvant treatment of adult AD.

Quality of life

Atopic dermatitis causes chronic itching and scratching,
which might impact the patient’s psychosocial and qual-
ity of life (QOL). Decreased QOL has been linked with
sleep deprivation and depressive symptoms and may
have a possible effect of AD treatments. Chronic sleep
loss in AD patients contributes to emotional and physi-
cal fatigue that negatively impacts existing social sensitiv-
ity and social relationships. Other data showed that sleep
quality was inversely associated with disease severity in
AD patients [52, 53]. Sleep loss also can increase IL-6
production in AD patients, which is involved in the regu-
lation of the immune system. That correlation may also
partially reflect circadian rhythm patterns known to be
associated with itch mediators [54]. The analysis of data
showed that the QOL improved significantly in the pro-
biotics group. The studies in this meta-analysis evaluated
the QOL by using DLQI, Skindex-16 and Skindex-29.
Iemoli et al. and Drago et al. measured the improvement
of AD symptoms with DLQI questionnaire. The ques-
tionnaire consisted of 10 questions and was structured
with corresponding scores of 0, 1, 2, 3 and 4. Improve-
ment of quality of life is indicated by high score. DLQI
was evaluated at 0, 12th, and 20th weeks [34, 40]. Matsu-
moto et al. examined the effects of the probiotic Bifido-
bacterium animalis subsp. lactis LKM512 on adult-type
AD and the expression of metabolites that are known to
be influenced by gut microbiota in fecal samples. Mat-
sumoto et al. assessed the dermatology-specific qual-
ity of life by using the Skindex-29, developed by Chren
et al. [36] which consists of 30 items forming three scales
(item 18 was not included in scoring), including emotion
(10 items), symptoms in (seven items), and functioning
(12 items). Not only in adult patients, the use of probiot-
ics has also been shown to improve the QOL in children
with AD, as found in the Wang et al. report [36—38].

The microbiome serves as a possible treatment target
and modulating it using probiotics is one way. While
rapid increases in the medical use of probiotics have veri-
fied their excellent safety profile, long-term safety data
are limited. Of concern, reports also link probiotics to
infections and other severe side effects in immunocom-
promised individuals. Thus, more basic research and epi-
demiological studies are required to characterize further
the microbiome as a risk factor and in the treatment of
disease [55, 56]. Additionally, future probiotic trials could
yield interesting results to support a microbiome replace-
ment strategy.

Conclusion

AD can affect a patient’s psychological condition and
quality of life, which can lead to depression. This meta-
analysis study showed that probiotic supplementa-
tion may have the potential to decrease disease severity
(SCORAD) in adult AD. The decrease in disease severity
may also improve the quality of life. Therefore, probiotics
can be used as adjuvant treatment of adult AD.
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